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Background. Efficacy endpoints in influenza clinical trials may include clinical symptoms and virological mea-
surements, although virology cannot serve as the primary endpoint. We investigated the relationship between influ-
enza A RNA copy number and quantity of infectious viruses in hospitalized influenza patients.

Methods. One hundred fifty influenza-infected, hospitalized patients were included in this prospective cohort
study spanning the 2012-2013 influenza season. Daily nasopharyngeal samples were collected during hospitaliza-
tion, and influenza A RNA copy number and infectious viral titer were monitored.

Results. The decay rate for 50% tissue culture infectious dose (TCIDs5,) was 0.51 £ 0.14 log;o TCIDso/mL per
day, whereas the RNA copy number decreased at a rate of 0.41 + 0.04 log;, copies/mL per day (n =433). The log
ratio of the RNA copy number to the infectious viral titer within patient changes significantly with —0.25 + 0.09
units per day (P =.0069). For a 12-day observation period, the decay corresponds to a decline of this ratio of 3
log influenza RNA copies.

Conclusions. Influenza RNA copy number in nasal swabs is co-linear with culture, although the rate of decay of
cell culture-based viral titers was faster than that observed with molecular methods. The study documented a clear

decreasing log ratio of the RNA copy number to the infectious viral titer of the patients over time.
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Although influenza frequently results in a self-limited
respiratory illness, in most cases it can cause severe com-
plications leading to hospitalization and death, especially
in high-risk groups including elderly patients, immuno-
compromised persons, pregnant women, very young
children, and persons with underlying medical condi-
tions [1]. Worldwide, the annual influenza epidemics
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are estimated to result in approximately 3 to 5 million
cases of severe illness and approximately 250 000 to
500 000 deaths [2]. Among hospitalized patients, antivi-
ral therapy is most efficacious if started within 48 hours
of influenza illness onset [1, 3-5]. Nonetheless, some
studies have demonstrated that antiviral treatment is
still beneficial in hospitalized patients when started 4
and 5 days after illness onset [6-12]. Current available
antiviral treatments include the neuraminidase inhibi-
tors ([NAIs] inhaled zanamivir, oral oseltamivir, and
intravenous peramivir) and M2 ion channel blockers
(amantadine and rimantadine). However, all currently
circulating strains of influenza are adamantane-resis-
tant, and therefore this class is not recommended for
the prevention or treatment of influenza [13]. The NAI
peramivir is given intravenously, and so it offers poten-
tial advantages in the management of severe hospi-
talized influenza. Indeed, NAI peramivir was used to
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treat critically ill patients during the 2009 pandemic under
emergency use authorization by the Food and Drug Adminis-
tration (FDA) [14, 15] and, it received FDA approval to treat
acute uncomplicated influenza patients [16-18].

Until now, little or no resistance to zanamivir has been ob-
served [13], and only a small percentage of A(HIN1)pdm09 vi-
ruses had highly reduced peramivir inhibition [19]. Although
oseltamivir resistance was found in virtually all former seasonal
A(HINI1) viruses, the frequency of oseltamivir resistance in
A(HIN1)pdmO09 viruses has remained low on a global scale.
However, with the appearance of permissive mutations in
A(HINI1)pdmO9 viruses, the risk that oseltamivir-resistant
viruses may spread globally is increasing [13]. With the appear-
ance of permissive mutations in A(H1N1)pdmO09 viruses, the
risk that oseltamivir-resistant or even multidrug-resistant
viruses may spread globally is increasing [13, 20], and there is
a need for new antivirals with other mechanisms of action.

One of the key challenges in designing influenza clinical trials
is to define relevant efficacy endpoints. Although such efficacy
endpoints are well established for acute uncomplicated influenza,
there is a lack of consensus on the optimal endpoint to use for
individuals hospitalized with influenza. Several antiviral drugs
have been studied in hospitalized influenza patients, but none
has clearly demonstrated to be universally effective in predicting
how patients feel, function, and recover from the infection [6, 9,
11, 16, 17]. Proposed primary clinical endpoints in clinical trials
for hospitalized influenza patients could include symptoms (eg
fever, cough, sore throat), duration of hospitalization, time to
normalization of vital signs and oxygenation, requirements for
supplemental oxygen, need for admission to the intensive care
unit (ICU), or assisted ventilation and mortality [21, 22].

Although antiviral drugs would be predicted to reduce viral
shedding, and several studies have correlated viral load (VL) re-
duction with changes in chemokines and cytokines as well as
clinical symptoms, the regulatory agencies do not permit virol-
ogy to be a primary endpoint. Virological measurements in-
clude detection and quantification of shed virus by viral
culture or quantitative reverse transcription-polymerase chain
reaction (RT-qPCR). Virologic endpoints that are typically as-
sessed, as secondary endpoints, in clinical studies of novel anti-
virals include baseline viral RNA copy number or infectious
viral titer during the baseline visit and change in viral RNA
copy number or titer over the course of illness [16-18, 21].
Quantitation of viral RNA by molecular techniques is a stan-
dard and sensitive method for VL determination. Cell-based
assays are more labor intensive but have the advantage of de-
tecting the infectious virus particles. Regulators preclude virol-
ogy from being a primary endpoint because they feel that there
is insufficient correlation between viral titers and change in ti-
ters with clinical symptoms. Furthermore, there is significant
variability in viral shedding from patient to patient. Lastly,
there is a lack of standardization in the collection of samples

and location (eg upper vs lower respiratory tract) and assays
for virologic measurements [21].

In this study, we investigated the relationship between influ-
enza A RNA copy numbers and infectious viral titer in labora-
tory-confirmed influenza A patients during hospitalization with
the hope that this virological data will inform future study
endpoints.

MATERIALS AND METHODS

Study Design

This is a prospective cohort study of laboratory-confirmed
hospitalized and/or ICU adult influenza patients during the
2012-2013 influenza season. Five study centers were included:
Northwestern University (Chicago, IL), Mount Sinai Hospital
(Toronto, ON, Canada), North York General Hospital (Toron-
to, ON, Canada), Royal Adelaide Hospital (Adelaide, Australia),
and Westmead Hospital (Westmead, Australia). Written in-
formed consent was obtained from all patients. Hospitalized pa-
tients with any of the following conditions were screened:
influenza-like illness (ILI), suspected respiratory infection
(pneumonia and other respiratory infection), acute respiratory
failure (eg chronic obstructive pulmonary disease exacerbation,
asthma exacerbation), or fever. Patients with laboratory-con-
firmed influenza (using the study centers’ in-house RT-qPCR)
were eligible for this study. Influenza-positive patients underwent
daily nasopharyngeal (NP) sampling starting from enrollment
(baseline = day 1 of enrollment) to day 7 (or until discharge or
death). Hospitalized patients or patients in the ICU who devel-
oped ILI during their hospitalization, or patients who met other
criteria for entry into the study, were screened with PCR. If these
patients were positive for infection and consented to participate in
the study, they were observed for 7 days or until discharge. For
ICU patients, if still hospitalized, every-other-day sampling con-
tinued in the second week until day 15 or hospital discharge.

Processing of Collected Nasopharyngeal Swabs
Nasopharyngeal swabs were collected in 3 mL universal trans-
port medium (UTM, Copan), which were divided across multi-
ple aliquots. If aliquots could not be prepared immediately,
specimens were kept refrigerated at 4°C for up to 72 hours.
Specimens that could not be processed within 48 to 72 hours
were frozen at —80°C, according to the manufacturer’s instruc-
tions. The collection vial containing the swab and the transport
medium were vigorously agitated on a vortex mixer. The fluid
was released by grabbing the end of the swab-stick and squeezing
the tip against the inner wall of the vial or tube. After centrifuging
at 1000 rpm for 5 minutes, the supernatant was aliquoted and
stored at —80°C. The samples were sent to 1 location where all
the subsequent analyses were performed.

In addition, the baseline samples were also analyzed with the
FilmArray Respiratory Panel (BioFire Diagnostics), according
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to the manufacturer’s protocol. The Respiratory Panel IVD ver-
sion 1.6 (Northern hemisphere) and version 1.7 (Southern
hemisphere) pouches were used.

RNA Copy Number of the Influenza Viruses

Nucleic acids were extracted from 100 pL NP sample using the
EasyMAG extraction platform (BioMérieux). An internal ex-
traction control (IEC) was added to all samples before the
RNA extraction, as described previously [23, 24]. The RNA
was eluted in 100 pL and stored at —80°C. Real-time PCR was
performed according to the Centers for Disease Control and
Prevention (CDC) protocol for influenza A virus (targeting
the Matrix gene) with a panel of oligonucleotide primers and
dually labeled hydrolysis (TagMan) probes [25], as previously
described [24, 26]. Amplification and detection were performed
on a LightCycler 480 instrument (Roche Applied Science). Each
sample was tested in duplicate. All quantification cycle values
were corrected for the loss of RNA during extraction by use
of the IEC [23]. A standard RNA dilution series (external quan-
tification control [EQC]) was tested in duplicate in each RT-
qPCR experiment [24]. The VLs were calculated as the log;q
copies/mL using the EQC standard curve, which has a linear
range from 4.3 to 10.3 log;o copies/mL (lower limit of quantifi-
cation [LLOQ] and upper limit of quantification). Samples with
an influenza VL below LLOQ, but with a detectable amount of
influenza RNA, were extrapolated. The lowest extrapolated
quantity that could be measured was 3.25 log;, copies/mL.
For quantification of influenza B viruses primers, targeting
the NEP/NSI gene (as described by the CDC), were used
(InfB-FW: 5-TCCTCAAYTCACTCTTCGAGCG-3'; infB-RV:
5'-CGGTGCTCTTGACCAAATTGG-3'; InfB-probe: FAM-5'-
CCAATTCGAGCAGCTGAAACTGCGGTG-BHQ-1-3" [Bio-
search Technologies]). The RNA extraction and PCR conditions
were identical to the influenza A RT-qPCR protocol. The EQC
was synthesized using the NEP/NS1 sequence from the influen-
za B/SouthCarolina/02/2009 strain.

50% Tissue Culture Infectious Dose Assay for Influenza A
Viruses

To measure the infectivity of the influenza viruses, 50% tissue
culture infectious dose (TCIDs) assay on Madin-Darby canine
kidney (MDCK) epithelial cells (obtained from ATCC) was per-
formed. Growth medium included 1000 mL UltraMDCK
serum-free medium (VWR), 10 mL L-glutamine (200 mM;
Life Technologies), and 400 uL gentamicin (50 mg/mL; Life
Technologies). Infection medium consisted of the growth medi-
um supplemented with 80 pL 2.5% trypsin (Life Technologies)
and 10 mL fungizone (amphotericin B 250 ug/mL; Life Tech-
nologies). Each sample was tested in 8 replicates and 11 dilu-
tions (1 sample/96-well plate). The MDCK cells were
harvested and counted with the Vi-CELL (Beckman Coulter),
according to the manufacturer’s protocol. The MDCK cells

were seeded (on day —1) at a concentration of 10 000 cells/
100 pL growth medium per well in a 96-well plate (column
1-12). Plates were incubated overnight at 37°C in 5% CO,.
On day 0, serial dilutions of the viruses (1:10 for column 1
and subsequently 1:4 dilutions for column 2-11) were made
in infection medium. The growth medium was removed from
the MDCK cells, and 100 pL virus dilutions were added to
the MDCK cells (column 1-11). Only infection medium was
added to column 12 (negative control column). The A/Aichi/
2/1968 (H3N2) influenza strain (cultured in MDCK cells) was
used as a positive control in every experiment (in 7 replicates).
The empty wells (row H) on the control plate were filled with a
dilution series (1:10 for column 1 and subsequently 1:4 dilu-
tions for column 2-11) of UTM (negative control). Plates
were incubated for 6 days at 37°C in 5% CO,. Subsequently,
the cytopathogenic effect was scored with visual interpretation
for the Northern hemisphere samples. A chemiluminescent
readout (ATPlite 1Step kit; PerkinElmer) using the Viewlux
equipment (PerkinElmer) was used for the Southern hemi-
sphere samples. This kit is a high-sensitivity ATP-monitoring
one-step addition assay kit for the quantification of viable
cells. The wells were scored positive or negative for infection ac-
cording to a cutoff of 3.490 log;, relative luminescence units,
defined by receiver operating characteristic analysis of positive
control plates. The log;o TCIDso/mL value was calculated in a
template based upon the Reed-Muench method [27].

To determine the amount of infectious influenza A virus dur-
ing hospitalization, TCIDs, values were measured on the base-
line and follow-up NP samples. Sixty-five influenza B samples
(14 subjects [based on Filmarray and RT-qPCR data]) were ex-
cluded from further analysis. Although the antifungal fungizone
was already added to the infection medium (end concentration,
2.50 pg/mL), 8 samples (2 subjects) still had fungi contamina-
tion and were therefore invalid.

Statistical Analysis

Linear trends of log; (VL), log;o (TCIDs5), and log;o (TCIDs5,/
VL) were calculated by way of a mixed-effect Tobit regression
analysis (adapted from Thiebaut and Jacqmin-Gadda [28])
using SAS/STAT software’s NLMIXED procedure (version
9.2). Applying a Tobit regression enabled accounting for left-
censored TCIDs5, and VL values, each with their respective
limit of detections (LODs). The mixed-effect analysis allowed
for the patients to randomly affect both the trend slopes and in-
tercepts. Pearson’s product-moment correlation coefficient and
the sample means were estimated using a left-censored bivariate
normal likelihood-based approach as proposed by Lyles et al
[29]. Figures were generated using R (version 3.0.2). Confidence
bands for linear trend were calculated by sampling the bivariate
normal distribution and were based on the regression coeffi-
cients for intercept and slope as well as their covariance matrix
(n =5000).
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RESULTS

Collection of Influenza Samples From Northern and Southern
Hemispheres

This study involved 3 study centers from the Northern hemi-
sphere (Canada and United States) and 2 centers from the
Southern hemisphere (Australia). A total of 150 patients, with
laboratory-confirmed influenza (per the study centers’ in-house
RT-qPCR), were included (Table 1). Follow-up samples were
collected, and influenza RNA copy number and TCIDs, values
were determined. Coinfection of influenza with another respira-
tory virus (parainfluenza type 4, coronavirus, bocavirus, rhino-
virus/enterovirus) was detected in only 4% of the samples. Only
influenza A-positive samples were included in analyses.

Monitoring Daily Influenza A RNA Copy Number and Infectious
Viral Titer
A subset of 433 samples with paired influenza A VL and TCIDs,
data was available and further analyzed (Figure 1). To avoid the
upward bias caused by excluding data below the LOD (ie, “left-
censored” data), statistics were calculated using maximum like-
lihood estimation. This procedure leads to a mean influenza A
log;o VL of 5.61 log;, copies/mL (95% confidence interval [CI],
5.28-5.93) for the baseline samples (n =134, 17 of which were
left-censored) and of 4.70 log;, copies/mL (95% CI, 4.50-4.90)
for all samples (n =433, 112 of which were left-censored). The
highest observed VL was 9.82 log;o copies/mL. The average
(+standard error) number of days until the VL reached the de-
tection limit (when >0) was 7.58 + 0.35 days since enrollment.
Of the 433 samples, 325 were left-censored for TCIDs, with a
detection limit of 2.2 log;o TCIDso/mL (range up to 7.5 log;o
TCIDso/mL) (Figure 1). The mean log;, TCIDs, for baseline
samples was 1.80 (95% CI, 1.25-2.35; n =134, 78 of which
were left-censored) and for all samples was 0.70 log;o TCIDso/
mL (95% CI, .30-1.10). The average (+standard error) number
of days until TCIDso/mL reached the detection limit (when >0)
was 3.49 + 0.38 days since enrollment. The correlation between
log;o VL and log;, TCID5, was estimated to be 0.87 (95% CI,

Table 1. Collection of Influenza Samples From Northern and
Southern Hemispheres

Study Center  Baseline Samples  Follow-Up Samples Total

(n) (n) (n)

Northern Hemisphere
Site 101 15 42 57
Site 201 50 93 143
Site 202 59 138 197

Southern Hemisphere
Site 301 22 79 101
Site 302 4 4 8
Total 150 356 506

.84-.90). Although for 106 samples infectious viral particles
and viral RNA were both detected, variable levels of viral
RNA in the absence of cultivable virus was obtained for 215
samples (Figure 1).

Influenza A RNA Copy Number and Infectious Viral Titer Trends
In our study, VL decreased significantly at a rate of 0.41 + 0.04
logo copies per mL per day (P <.0001) (Figure 2A). In other
words, a patient’s influenza A VL on average underwent a 10-
fold drop every 2.5 days. The estimated decay rate for TCIDs,
was 0.51 £ 0.14 log;y TCIDs, per mL per day (P =.0004), corre-
sponding with a 10-fold drop only every + 2 days (Figure 2B).
The relative infectivity, here defined as the log ratio of
TCIDs,/VL within the same patient, changed significantly with
—0.25 £ 0.09 units per day (P =.0069) (Figure 2C). Because the
ratio is negative, this means that for an average patient, the
TCIDs, decays faster than the VL. For a 12-day observation pe-
riod, the decay corresponds to a decline in relative infectivity of
13 log; viral RNA copies. Thus, the data document a significant
decline of the relative infectivity of influenza A virus particles. It is
important to note that this result is observed irrespective of the
investigational site, subtype, or the presence of a coinfection.

DISCUSSION

This is one of the largest multicenter studies to define the epi-
demiology of influenza in hospitalized patients. The study en-
rolled 150 influenza-infected, hospitalized patients during the
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Figure 2. Estimated overall trend in influenza A viral load (A), 50% tis-

sue culture infectious dose (TCIDsg) (B), and log(TCIDsg/viral load) (C) for
114 patients with at least 1 follow-up visit. Dotted lines represent the
95% confidence bands, and the intercept and slope in the formulas are
given as meansstandard deviation.

2012-2013 influenza season. Serial assessment of viral shedding
was studied with both molecular and cell culture methods.
These 2 methods were highly co-linear, although the rate of
decay of cell culture-based infectious viral titer was faster than
that observed with molecular methods. This study documented
a clear decreasing ratio of influenza RNA copy number to infec-
tious viral titer of the patients over time.

Clinical diagnosis has limitations because ILI symptoms are
not specific for influenza virus infection and can be caused by
other respiratory pathogens. Influenza VL decay, which quanti-
fies infectious and noninfectious viral particles over time, and
TCIDs, decay, which quantifies only the infectious viral particles
over time, could be used as virological (secondary) measurements
[16-18, 30, 31]. In this study, paired influenza A VL decay and

TCIDs, decay data points were available for 433 samples. The
VL decay of 0.41 +0.04 log;, copies per mL per day in this
study is more pronounced but comparable with the respiratory
tract A(HIN1)pdmO09 decrease rates of 0.31 log;o VL units per
day as reported by Lu et al [32]. Likewise, the TCIDs, decay
(=0.51 TCIDs5, [mL-day]_l) was comparable with the median
decay rate of —0.39 TCIDs, (mL-day)~" (corresponding to a
10-fold drop every 2.6 days over a period of 4.5 days) reported
by de Jong et al [16]. The mechanism of prolonged viral shed-
ding, ie, the detection of influenza viral RNA for a longer time
period, has been described in many studies [30, 33, 34]. The clin-
ical (and infection control) relevance of detecting low levels of
viral RNA in the absence of cultivable virus can be questioned.
In this context, it should be noted that the virus culture methods
are less sensitive than the molecular methods and that improper
sampling handling could also have an impact. In this study, a
high percentage of samples (n=215) have levels of viral RNA
in the absence of cultivable virus in the NP swabs despite proper
sampling handling. It is important to include the percentage of
infectious viral particles in virological measurements used in clin-
ical studies of antiviral agents.

Unlike assessment of VLs for human immunodeficiency
virus and hepatitis, where plasma is used as input sample [35,
36], assessment of influenza VLs utilizes respiratory specimens.
There is variability in the titer of virus in upper and lower airway;
in addition, there can be significant variability due to sampling
methods [26]. To keep variability related to sample collection,
processing, and transport as low as possible, well defined collec-
tion and shipping instructions were provided to all clinical sites.
We have shown that there is a significant decline of the log ratio
of TCIDso/VL over time within the same patient. The absolute
changes in VL due to variation in sampling methods could be
captured by using this ratio as virological measurement (instead
of using only the influenza A VL or TCIDs).

CONCLUSIONS

In conclusion, this epidemiological study contributes to our un-
derstanding of viral shedding patterns in influenza-infected hos-
pitalized adult patients. The viral RNA copy numbers and viral
infectious titer patterns in those patients demonstrated a down-
ward trend of the log ratio of TCID5,/VL of the influenza viruses.
Because this ratio is less affected by sampling variability, this value
could be very useful in determining efficacy of new antiviral com-
pounds. Future studies could include this ratio into the virological
measurements and investigate further the clinical relevance.

Acknowledgments

We thank all of the volunteers that participated in this study. We also
thank Els Rousseau and Janssen Biobank for logistic support; Eline Van
Gorp for contribution to the laboratory experiments; Walter Van den
Broeck for assistance with the 50% tissue culture infectious dose

Relative Infectivity of Influenza Viruses ¢ OFID o 5



calculations; and Karin Havenith, Marieke Willemsens, Kristiane Schmidt,
Katherine McFadyen, and Amy Lwin for scientific discussions.

Potential conflicts of interest. M. G. L. has received research support,
paid to Northwestern University, from Anolinx, BioCryst, Chimerix, Gilead,
GlaxoSmithKlein, Jansen, and ViroPharma; he is a paid consultant for
Biota, Chimerix, and Genentech/Roche; he is a paid member of a Data
and Safety Monitoring Board for Abbott and Vertex; and he is an unpaid
consultant to Adamas, BioCryst, Cellex, Clarassance, GlaxoSmithKlein,
GenMarkDx, Romark, Toyama/MediVector, NexBio, Theraclone, and
Vertex.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Fiore AE, Fry A, Shay D, et al. Antiviral agents for the treatment and
chemoprophylaxis of influenza recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm
Rep 2011; 60:1-24.

2. World Health Organization. Fact sheet seasonal influenza. Available at:
http://www.who.int/mediacentre/factsheets/fs211/en/; 2014. Accessed
17 August 2015.

3. HsuJ, Santesso N, Mustafa R, et al. Antivirals for treatment of influenza:
a systematic review and meta-analysis of observational studies. Ann In-
tern Med 2012; 156:512-24.

4. Louie JK, Yang S, Samuel MC, et al. Neuraminidase inhibitors for crit-
ically ill children with influenza. Pediatrics 2013; 132:¢1539-45.

5. Muthuri SG, Myles PR, Venkatesan S, et al. Impact of neuraminidase
inhibitor treatment on outcomes of public health importance during
the 2009-2010 influenza A (HIN1) pandemic: a systematic review
and meta-analysis in hospitalized patients. J Infect Dis 2013;
207:553-63.

6. Louie JK, Yang S, Acosta M, et al. Treatment with neuraminidase inhib-
itors for critically ill patients with influenza A (HIN1)pdm09. Clin In-
fect Dis 2012; 55:1198-204.

7. Yu H, Feng Z, Uyeki TM, et al. Risk factors for severe illness with 2009
pandemic influenza A (HIN1) virus infection in China. Clin Infect Dis
2011; 52:457-65.

8. Lee EH, Wu C, Lee EU, et al. Fatalities associated with the 2009
HINI influenza A virus in New York City. Clin Infect Dis 2010;
50:1498-504.

9. Lee N, Cockram CS, Chan PKS, et al. Antiviral treatment for patients
hospitalized with severe influenza infection may affect clinical out-
comes. Clin Infect Dis 2008; 46:1323-4.

10. Lee N, Choi KW, Chan PK, et al. Outcomes of adults hospitalized with
severe influenza. Thorax 2010; 65:510-5.

11. McGeer A, Green KA, Plevneshi A, et al. Antiviral therapy and out-
comes of influenza requiring hospitalization in Ontario, Canada. Clin
Infect Dis 2007; 45:1568-75.

12. Siston AM, Rasmussen SA, Honein MA, et al. Pandemic 2009 influenza
A(HIN1) virus illness among pregnant women in the United States.
JAMA 2010; 303:1517-25.

13. Hurt AC. The epidemiology and spread of drug resistant human influ-
enza viruses. Curr Opin Virol 2014; 8:22-9.

14. Hernandez JE, Adiga R, Armstrong R, et al. Clinical experience in adults
and children treated with intravenous peramivir for 2009 influenza
A (HINI1) under an Emergency IND program in the United States.
Clin Infect Dis 2011; 52:695-706.

15. Birnkrant D, Cox E. The emergency use authorization of peramivir
for treatment of 2009 HINI influenza. N Engl ] Med 2009; 361:
2204-7.

16. de Jong MD, Ison MG, Monto AS, et al. Evaluation of intravenous per-
amivir for treatment of influenza in hospitalized patients. Clin Infect
Dis 2014; 59:172-85.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ison MG, Fraiz ], Heller B, et al. Intravenous peramivir for treatment of
influenza in hospitalized patients. Antivir Ther 2014; 19:349-61.
Whitley R, Laughlin A, Carson S, et al. Single dose peramivir for the
treatment of acute seasonal influenza: integrated analysis of efficacy
and safety from two placebo-controlled trials. Antivir Ther 2014;
doi:10.3851/IMP2874.

Leang SK, Kwok S, Sullivan SG, et al. Peramivir and laninamivir sus-
ceptibility of circulating influenza A and B viruses. Influenza Other
Respir Viruses 2014; 8:135-9.

Baek YH, Song MS, Lee EY, et al. Profiling and characterization of in-
fluenza virus n1 strains potentially resistant to multiple neuraminidase
inhibitors. J Virol 2015; 89:287-99.

U.S. Department of Health and Human Services FDA, Center for Drug
Evaluation and Research (CDER). Guidance for Industry. Influenza:
Developing Drugs for Treatment and/or Prophylaxis, 2011. Available
at: http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegula
toryInformation/Guidances/ucm091219.pdf. Accessed 17 August 2015.
Ison MG, de Jong MD, Gilligan KJ, et al. End points for testing influ-
enza antiviral treatments for patients at high risk of severe and life-
threatening disease. J Infect Dis 2010; 201:1654-62.

Nauwelaers D, Vijgen L, Atkinson C, et al. Development of a real-time
multiplex RSV detection assay for difficult respiratory samples, using
ultrasone waves and MNAzyme technology. J Clin Virol 2009;
46:238-43.

Van Wesenbeeck L, Meeuws H, Van Immerseel A, et al. Comparison
of the FilmArray RP, Verigene RV+, and Prodesse ProFLU+/FAST+
multiplex platforms for detection of influenza viruses in clinical samples
from the 2011-2012 influenza season in Belgium. J Clin Microbiol
2013; 51:2977-85.

World Health Organization. CDC Protocol of Real-Time RT-PCR
for Swine Influenza A(H1IN1), 2009. Available at: http://www.who.
int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprotocol
20090428.pdf. Accessed 17 August 2015.

Van Wesenbeeck L, Meeuws H, D’haese D, et al. Sampling variability
between two mid-turbinate swabs of the same patient has implications
for influenza viral load monitoring. Virol ] 2014; 11:233.

Reed LJ, Muench H. A simple method of estimating fifty per cent end-
points. Am ] Epidemiol 1938; 27:493-7.

Thiebaut R, Jacqmin-Gadda H. Mixed models for longitudinal left-cen-
sored repeated measures. Comput Methods Programs Biomed 2004;
74:255-60.

Lyles RH, Williams JK, Chuachoowong R. Correlating two viral load as-
says with known detection limits. Biometrics 2001; 57:1238-44.
Meschi S, Selleri M, Lalle E, et al. Duration of viral shedding in hospi-
talized patients infected with pandemic HINI1. BMC Infect Dis 2011;
11:140.

Leekha S, Zitterkopf NL, Espy MJ, et al. Duration of influenza A virus
shedding in hospitalized patients and implications for infection control.
Infect Control Hosp Epidemiol 2007; 28:1071-6.

Lu PX, Deng YY, Yang GL, et al. Relationship between respiratory viral
load and lung lesion severity: a study in 24 cases of pandemic HIN1
2009 influenza A pneumonia. ] Thorac Dis 2012; 4:377-83.

Giannella M, Alonso M, Garcia de Viedma D, et al. Prolonged viral
shedding in pandemic influenza A(HINI1): clinical significance and
viral load analysis in hospitalized patients. Clin Microbiol Infect
2011; 17:1160-5.

Fraaij P, Schutten M, Javouhey E, et al. Viral shedding and susceptibility
to oseltamivir in hospitalized immunocompromized patients with influ-
enza in the Influenza Resistance Information Study (IRIS). Antivir Ther
2015; doi:10.3851/IMP2957.

Stephan C, Hill A, Sawyer W, et al. Impact of baseline HIV-1 RNA levels
on initial highly active antiretroviral therapy outcome: a meta-analysis
of 12,370 patients in 21 clinical trials*. HIV Med 2013; 14:284-92.
Perry CM. Telaprevir: a review of its use in the management of genotype
1 chronic hepatitis C. Drugs 2012; 72:619-41.

6 ¢ OFID e Van Wesenbeeck et al


http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm091219.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm091219.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm091219.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprotocol_20090428.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprotocol_20090428.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprotocol_20090428.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprotocol_20090428.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


