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Background. There have been anecdotal reports of influenza viremia since the 1960s. We present an assessment

of the prevalence of seasonal and 2009 H1N1 influenza viremia (via RNA testing) in blood donor populations using

multiple sensitive detection assays.

Methods. Several influenza RNA amplification assays, including transcription-mediated amplification

(TMA) and 2 reverse-transcription polymerase chain reaction (RT-PCR) assays, were evaluated and used to test donor

samples. Retrospective samples from 478 subjects drawn at sites with high influenza activity were tested. Prospective

samples were collected from 1004 blood donors who called their donation center within 3 days of donation

complaining of influenza-like illness (ILI). The plasma collected on the day of donation for these subjects was tested.

Results. Of the repository samples, 2 of 478 plasma samples were initially reactive but not repeat reactive by

influenza TMA. Of blood donors reporting ILI symptoms postdonation, 1 of 1004 samples was TMA initially

reactive but not repeat reactive; all samples were nonreactive by RT-PCR testing.

Conclusions. Targeting blood donor populations most likely to have influenza infection, we failed to detect

influenza RNA in 1482 donor samples, with most tested by 3 different RNA assays. Seasonal influenza does not

appear to pose a significant contamination threat to the blood supply.

The 2009 H1N1 influenza outbreak illustrates that the

virus remains a global threat with serious sequellae in

some affected individuals. Circulating seasonal strains

can spread easily from human to human, rapidly cov-

ering the globe during the initial phase of a pandemic.

In addition to seasonal influenza and the recently in-

troduced triple reassortant 2009 H1N1 strain, highly

pathogenic avian influenza (H5N1) circulates in Asian

bird populations, and humans have been infected in

multiple countries [1, 2]. Fortunately, sustained human-

to-human transmission of H5N1 influenza virus has not

been seen [3, 4], as mortality can reach 50% [5, 6]. The

recent introduction of the novel H1N1 reassortant in-

fluenza virus, and the potential for high mortality after

infection with highly pathogenic avian influenza virus,

have focused attention on the epidemiology and path-

ophysiology of influenza infection.

During the 2009 H1N1 influenza outbreak, the

prime concern of most institutions was to maintain

operational capability in the face of heightened em-

ployee absenteeism due to illness of the worker or family

member, as well as the obvious concern regarding an

absence of blood donors. In addition to these concerns,

blood collectors also had to consider whether blood
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collected during the outbreak might contain infectious influenza

virus. Transfusion transmission of influenza would not likely

play a major role in spreading a virus that is primarily trans-

mitted by aerosolization/droplet infection. However, trans-

fusion recipients are likely at increased risk of serious sequellae

of influenza infection. Immune compromised subjects are sus-

ceptible to severe disease, and influenza virus-infected bone

marrow transplant patients have shown �25% mortality after

infection [7, 8]. In the recent 2009 H1N1 outbreak it was also

noted that pregnant women were at risk for more severe disease

and death than the general population [9]. Although influenza

viremia has infrequently been observed [10–17] (reviewed in

[18]), the potential remains that influenza viremia can occur

during presymptomatic or asymptomatic infection [19].

After introduction of an antigenically novel influenza virus,

attack rates can be extraordinarily high, reaching 15%–30%

in some areas [20], with baseline infection rates fluctuating

between 5% and 10% [21]. To study whether donated blood

contained influenza virus, we capitalized on historical knowl-

edge of influenza incidence and the collection of repository

samples from blood donors linked to location and time of do-

nation. In a second phase of testing, we prospectively surveyed

blood from donors who reported symptoms consistent with

influenza-like illness (ILI) within 3 days of blood donation, with

the hypothesis that these donors would be most likely to harbor

viremia at the earliest stage of infection. Here we present an

analysis of commercially available and research-phase influenza

RNA detection assays and the results of screening repository

and prospectively collected samples for influenza RNA.

MATERIALS AND METHODS

Study Subjects
Two cohorts of subjects were studied, a retrospective and

a prospective cohort.

Retrospective Cohort

The first group of 478 subjects was selected from the Retrovirus

Epidemiology Donor Study (REDS) Allogeneic Donor and Re-

cipient (RADAR) repository, composed of 120 000 whole blood

and plasma specimens collected in ethylenediaminetetraacetic

acid that are linked to donor zip code and date of blood donation

during the years 2000 through 2003.

Prospective Cohort

The second cohort of 1004 subjects was drawn from donors

to Blood Systems and the American Red Cross (ARC) whose

blood was collected prior to April 2009 (n 5 256) and co-

incident with the recent H1N1 influenza outbreak from April

2009 through 2010, with both collection periods occurring during

high national influenza activity as reported by the Centers for

Disease Control and Prevention (CDC) (n 5 748) [22]. These

donors were selected on the basis of contacting the blood col-

lection center within 3 days of donation and offering

postdonation information (PDI) of symptoms consistent with ILI.

The frozen plasma component was obtained in citrate phosphate

dextrose from each donor reporting PDI and maintained frozen

until aliquots were prepared for testing. A subset of 21 pro-

spectively collected blood donors provided 2 samples separated by

8 weeks (acute and convalescent) for antibody testing.

Ferret Samples and Processing
Three ferrets were infected with influenza A virus (H3N2) in-

tranasally at a titer of 106 egg infectious dose (EID)50. Serial blood

and serum samples (2 mL) were collected preinfection and days

1, 2, 4, and 6 postinfection. Directly after collection, RNA was

extracted from 2-mL aliquots using the PAXgene Blood RNA kit

(Qiagen) according to the manufacturer’s instructions.

Virus Stock and Sample Preparation
For assay evaluation experiments, replicate samples spiked with

varied amounts of influenza virus were prepared and sent blindly

to each laboratory involved in retrospective testing for this study.

Influenza A WS/33 (H1N1) stock was obtained at a TCID50 of

105.75 (catalog VR-1520, National Institutes of Health Bio-

defense and Emerging Infections Research Repository). Serial

10-fold dilutions of the virus were performed in phosphate-

buffered saline (PBS) and added to 50-mL aliquots of whole

blood. One-milliliter aliquots of influenza-spiked whole blood

were prepared, and the remaining volume was spun at

1200 rpm followed by preparation of 1-mL plasma aliquots.

Influenza Detection Assays
Retrospective Cohort and Ferret Sample Testing

A number of different influenza RNA detection assays were

evaluated prior to testing RADAR donor samples, all of which

were previously shown to detect commonly circulating con-

temporary influenza viruses (data not shown). (1) The MGB

Alert system (Epoch Biosciences) uses RNA extraction followed

by real-time reverse-transcription polymerase chain reaction

(RT-PCR) RNA amplification and detection using probe oli-

gonucleotides targeting either influenza A or B matrix genes

with a fluorophore and quencher linked by the probe sequence.

After probe hybridization to the target nucleic acid sequence,

the fluorophore and quencher are separated, resulting in fluo-

rescence of the probe. (2) The ProFlu-1 assay (Prodesse) uses

RNA extraction followed by a TaqMan-based, real-time RT-PCR

amplification targeting the influenza A matrix gene [23]. (3)

Transcription-mediated amplification (Gen-Probe) uses a target-

capture probe for influenza A matrix gene during RNA extraction

followed by isothermal amplification using bacteriophage T7 RNA

polymerase and Moloney murine leukemia virus reverse tran-

scriptase [24]. An internal control RNA is included to calculate

a signal-to-cutoff ratio and ensure assay validity, with valid

samples having the internal control signal above the cutoff

determined for each run. Positive control samples consist of

a detergent solution spiked with in vitro synthesized RNA
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transcripts corresponding to a portion of the influenza A matrix

gene (quantitated by absorbance at 260 nm). Ferret samples

were tested using the ProFlu-1 and TMA assays.

Prospective Cohort Testing

Prospectively collected samples were tested using TMA plus

2 additional RT-PCR assays, also able to detect commonly

circulating contemporary influenza viruses. First, we used an

RT-PCR test developed at the US Food and Drug Adminis-

tration (FDA) using influenza A matrix gene primers and

probes in an automated TaqMan ABI 7500 Analyzer using

a QuantiTect Probe RT-PCR kit (Qiagen). The analytical sen-

sitivity was determined using serial dilutions of viral RNA

(from 1 ng to 1 fg) from the A/California/04/2009 strain. One

femtogram of viral RNA is equivalent to �130 copies [25]. Six

TaqMan reactions were performed in 3 experiments, and 10 fg

(�1300 copies/reaction) of viral RNA was detected.

The second RT-PCR was the Centers for Disease Control

and Prevention (CDC) Human Influenza Virus Real-Time

RT-PCR Detection and Characterization Panel (rRT-PCR Flu

Panel). This assay, designed and developed by the CDC, uses

primer sets directed at the influenza A M gene and an influenza

B NS gene, and can detect seasonal and novel H1N1 influenza

[26]. Permission was obtained from the Influenza Division at

the CDC to use these reagents for this study. Nucleic acid ex-

traction was performed on a bioMerieux easyMAG, and the

assay performed on ABI 7500 FAST Dx real-time PCR instru-

ments. The limits of detection for the CDC RT-PCR Flu Panel

have been assessed by the CDC with 1 or 2 strains of each

subtype of influenza A and 2 subtypes of influenza B; one each

of the Victoria and Yamagata lineages. Serial, 10-fold dilutions

revealed limits of detection ranging from 10 to 102.2 EID50 for

influenza A strains and 1–100.5 EID50 for influenza B strains [27].

Finally, influenza immunoglobulin M (IgM) and immuno-

globulin G (IgG) antibodies were assayed by enzyme-linked

immunosorbent assay (ELISA; American Research Products).

Statistical Analysis
Exact confidence intervals around the influenza viremia prev-

alence estimates were calculated using the method of Blyth-

Still-Casella [28, 29].

RESULTS

Relative Sensitivity of Influenza RNA Detection Assays
Prior to testing the retrospective samples, the relative sensitiv-

ities of the MGB Alert, ProFlu-1 RT-PCR, and the TMA assays

were tested using influenza RNA in spiked samples. Nucleic acid

amplification is more difficult using a whole blood sample;

however, there are theoretical reasons to suspect that the virus

might preferentially compartmentalize in the red blood cell

fraction of blood through interaction of hemagglutinin with the

surface of red blood cells and platelets [30, 31]. Therefore, in an

attempt to maximize assay sensitivity, influenza-spiked blood

aliquots were separated into the plasma fraction for testing

or tested as a whole blood aliquot. Both RT-PCR based assays

had similar sensitivity (Figure 1A and 1B), between 5 and

10 TCID50 of influenza virus spiked in plasma. The TMA assay

was�1- to 2-log10 more sensitive than the 2 RT-PCR-based assays

(Figure 1C). In a second experiment TMA detected 2 of 2 sam-

ples spiked with 0.05 TCID50 of influenza virus (data not shown).

Thus, TMA was selected for testing the retrospective sample set.

Of note, testing of whole blood samples was not more sensitive

than testing plasma samples in these in vitro experiments.

Influenza Viremia Detection in an Animal Model
Although the above data indicated that the RNA detection

assays could detect virus in a spiked blood sample, it was

unclear whether the assays would detect virus after in vivo

infection. To test for viremia, the ferret model of influenza

infection was used, which is an accepted animal model

of influenza virus infection in humans [32–34]. In total, 3 of

3 intranasally infected animals had detectable influenza RNA

in the blood 1 day after inoculation using RT-PCR and/or

TMA assays, and 1 animal showed RNA 6 days after infection

by TMA (Figure 2). Serum samples were available for TMA

testing, and none showed detectable influenza RNA. These re-

sults indicate that influenza viremia resulting from intranasal

infection could be detected using two different assays, though

the viral load in the serum in ferrets did not appear high enough

for detection of RNA.

Influenza Virus Detection in a Retrospective Cohort
We questioned whether blood donors who gave blood during

periods of high transmission in the community would be vire-

mic, either by donating during asymptomatic infection or

during the early, presymptomatic phase of infection. To identify

a random community sample of blood donors whose samples

were collected during the highest risk period, we matched data

generated by the Centers for Disease Control and Prevention

(CDC) with the RADAR repository sample database. The period

of highest influenza transmission during RADAR accrual oc-

curred at the end of 2003 (Figure 3); samples collected in weeks

45–51 were tested by TMA. A total of 484 whole blood samples

were available from collection sites in Detroit (n 5 224) and

Pittsburg (n 5 260); 478 matched plasma aliquots were also

available. Testing of whole blood yielded nearly 50% invalid

reactions with no reactive results observed, so whole blood

testing was terminated after 350 samples (Table 1). Only 3 of

478 plasma samples yielded invalid results, and no repeat re-

active samples were seen (2 were low-level reactive on initial

testing, signal-to-cutoff ratio [S/CO ,10]). The negative RNA

results suggest that influenza viremia occurs rarely, if at all,

in an unselected blood donor population, even during periods

of high activity in the community.
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Identification of Blood Donors With ILI
Although the above data demonstrate that influenza viremia is

at most an uncommon occurrence, the power of the retro-

spective study was limited. Standard procedures in blood

centers involve recording information from donors who

contact the blood center following their donation to report

subsequent illness or disease symptoms; this is termed post-

donation information (PDI). Two PDI cohorts of subjects

were accrued, the first from Blood Systems, Inc (BSI), in 2008

(n 5 48) and a second from the ARC spanning the 2008–2009

and 2009–2010 influenza seasons (n 5 956); although col-

lections occurred continuously from 2008 to 2010, the peaks

of subject enrollments were during the influenza seasons of

those years (Figure 4). A questionnaire was developed to assess

whether the PDI donors’ symptoms were consistent with ILI

(Table 2), and plasma from subjects reporting $2 symptoms

on the questionnaire within 3 days of donation was tested for

influenza RNA using 3 different research-use assays in 3 dif-

ferent laboratories. Although the study was designed to capture

those at highest risk of being infected with influenza virus

(reporting ILI symptoms shortly after donation), the true in-

cidence of influenza infection in the cohort was not known.

Subjects in the BSI cohort were asked to return 2 months

after the initial donation to obtain a serum sample to test for

development of influenza-specific antibodies. Study of acute

and convalescent samples from 21 subjects collected in early

2008 with available follow-up samples revealed 3 subjects with

influenza A-specific IgM titers from 1:16 to 1:64 on acute and

convalescent specimens; corresponding IgG measurements

showed a 4-fold rise in titers in 2 of the 3 subjects. The same 3

subjects had influenza B-specific IgM detectable at titers of

1:4 to 1:64 on acute and convalescent samples, and 2 of these

subjects had a 4-fold rise in IgG titers. An additional 6 subjects

had $4-fold rise in influenza B-specific IgG without corre-

sponding IgM increases. Although the effects of undocumented

influenza vaccination cannot be ruled out, these data suggest

that 43% (9 of 21) of blood donors complaining of ILI

symptoms shortly after blood donation were potentially infected

with influenza virus.

Influenza Virus Detection in Donors With ILI
Of 48 plasma samples derived from Blood Systems donors

tested in duplicate by TMA for the presence of influenza RNA,

1 was initially reactive in 1 of 2 aliquots (S/CO ,10, low-level

Figure 1. Relative sensitivity of influenza A RNA detection assays. Blood samples spiked with influenza virus RNA were prepared and tested in
a blinded fashion using reverse-transcription polymerase chain reaction (RT-PCR) assay (A) 1, (B) 2, or (C ) transcription-mediated amplification (TMA).
Results for RT-PCR are described as the cycle threshold (CT) at which signal was detected and for TMA as a signal-to-cutoff (S/CO) ratio. The percentage
of replicates that tested positive is shown above each bar. Two replicates were tested in (A ) and (C ) in 2 separate experiments (1 representative
experiment shown), and 6 replicates were tested in (B ) in 1 experiment. Line denotes S/CO 5 1, error bars represent standard error.
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positive) but negative on repeat testing. The second group

of donors from the ARC was tested using TMA and the FDA

and CDC RT-PCR assays. A total of 956 plasma samples was

tested, with 748 (78%) of those collected after the introduction

of the novel H1N1 virus in April 2009 [35]. TMA testing yiel-

ded invalid results for 1 sample and negative results for the

remaining 955 samples. The positive controls run alongside the

test samples showed 95% reactivity at 42 copies/mL (n 5 39

samples) and 85% reactivity at 17 copies/mL (n5 40 samples),

with copy number calculated using data generated using tran-

script quantitated by absorbance at 260 nm (data not shown).

All 956 ARC samples were also negative when tested using the

2 RT-PCR assays. For the CDC assay, all but one sample pro-

duced cycle threshold (Ct) values within the acceptable range

(,37) for the assay internal control (termed inconclusive). For

the FDA assay, one sample yielded an inconclusive test result.

Including the retrospective and prospective cohorts, a total

of 1482 blood donor samples tested negative for the presence

of influenza viremia (following retesting of 3 initially reactive

samples), yielding 95% confidence intervals of 0–2.5 influenza

viremia cases per 1000 blood donations from donors collected

during the peak season, or from those reporting postdonation

flulike illness, which also were collected primarily during the

peak season.

DISCUSSION

The current study represents an analysis of samples collected

from blood donors at the estimated highest risk for influenza

infection, based on historical data during known influenza

outbreaks or by blood donors reporting symptoms consistent

with influenza infection within 3 days of blood donation. In

spite of testing with a variety of sensitive and validated influenza

virus RNA assays, none of the samples yielded repeat-reactive

results. Furthermore, use of whole blood samples did not in-

crease sensitivity of the most sensitive assay used (TMA);

however, this assessment was limited due to technical issues

of assay performance using whole blood.

The results of the current study are reassuring to those whose

patients require blood transfusion and are consistent with re-

cently published work in the field. A study of 96 blood donors

in Japan who developed symptoms within 7 days of donation

(42% within 2 days of donation) also revealed no influenza

viremia [36], with a second study of 579 donors also revealing

no influenza viremia [37]. The limit of detection for the

RT-PCR assay used in the Japanese study was 300 genome

equivalents/mL, �7-fold less sensitive than TMA (at 95% sen-

sitivity of 42 copies/mL). Screening of German blood donors

using a slightly less sensitive assay on pools of �90 donors per

pool also revealed no evidence of influenza RNA in over

10 000 blood donations, albeit the sample dilution due

to pooled testing would have required higher-level RNA for

detection [38]. Influenza viremia in subjects with fatal highly

pathogenic H5N1 influenza infection has been described else-

where [6, 39], and our data of influenza infection in a ferret

model demonstrated detectable RNA using both RT-PCR and

TMA. A more recent study of the novel 2009 H1N1 virus re-

vealed viral RNA in the blood from 3 of 23 patients who de-

veloped acute respiratory distress syndrome (ARDS) or died,

1 of 14 patients who required supplemental oxygen but did not

develop ARDS, and 0 of 37 patients with mild disease [40],

and another study demonstrated viral RNA in the blood of

2 subjects with severe disease [41].

Although our findings, and those of others, suggest that in-

fluenza viremia is rare, there are numerous examples of viruses

spread by the respiratory route that cause viremia. Human bo-

cavirus 1 and respiratory syncytial virus have been detected in

children with respiratory tract infections [42, 43], and children

under age 2 are more likely to be bocavirus viremic, with viremia

also associated with lower respiratory tract infection and higher

Figure 2. Detection of influenza viremia in influenza H3N2-infected
ferrets. Three ferrets were infected with 106 egg infectious dose (EID50)
of influenza A H3N2 virus intranasally and followed up for 6 days, with
bleeds prior to infection and at days 1, 2, 4, and 6. RNA was extracted
from whole blood samples and was tested for influenza RNA by
(A) reverse-transcription polymerase chain reaction (RT-PCR) assay #1 or
(B ) transcription-mediated amplification (TMA). Line denotes S/CO 5 1.
The experiments were each performed once.
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viral load in a nasopharyngeal aspirate. The mechanism of

virus entry has been explored in animal models, with an im-

mune carrier cell (possibly mucosal dendritic cells) implicated

in ushering equine herpesvirus 1 in ponies and measles virus

in macaques into the bloodstream [44, 45]. Study of varicella

virus in a macaque model suggests infection of a broad array of

immune cells (including B and T cells) as the route of viremic

spread [46]. However, not all invasive respiratory viruses pass

the respiratory epithelium via immune cells, as the pig pathogen

pseudorabies virus can directly invade through the basement

membrane to reach underlying tissues [47]. In spite of carrying

both sialic acid and other influenza receptors such as macro-

phage mannose receptor and macrophage galactose-type lectin

[48], infection of macrophages does not appear to lead to dis-

semination and viremia in most subjects. One possibility is that

infected pulmonary macrophages do not produce progeny

virus, suggested by work in the mouse model [49], which is

consistent with the surprisingly low frequency of influenza

viremia compared with other respiratory viruses.

One of the limitations of the current study is that we did

not attempt to document influenza infection of prospec-

tively enrolled subjects by viral isolation. Acute and conva-

lescent testing of a small subset of 21 donors with available

convalescent samples revealed that approximately 40% showed

serological evidence of influenza infection or vaccination. Of

the 956 American Red Cross donors, 38% reported receipt of

the seasonal influenza vaccine (2008–2010) with 16% reporting

receipt of the A/H1N1/2009 vaccine within the year prior to

donation. A proportion of the vaccinees would likely have

been protected from subsequent influenza infection. Given

that the subjects were recruited with symptoms consistent with

influenza [50] during periods of increased community trans-

mission, it is probable that many of the subjects with ILI

symptoms in our study were infected with influenza virus.

We failed to detect influenza A viremia using very sensitive

tests in blood samples from donors collected during periods

of high influenza transmission in the community, with the

majority of the tested donors reporting symptoms of influenza-

like illness. The preponderance of evidence from this and other

studies thus suggests that influenza viremia is at most an ex-

ceedingly rare event in blood donors, who are healthy at the

Figure 3. Pneumonia and influenza mortality for 122 US cities. Each week, the vital statistics offices of 122 cities reported the total number of death
certificates received and the number of those for which pneumonia or influenza was listed as the underlying or contributing cause of death by age group.
The percentage of all deaths due to pneumonia and influenza (P&I) were compared with a seasonal baseline and epidemic threshold value calculated for
each week. The seasonal baseline of P&I deaths was calculated using a periodic regression model that incorporates a robust regression procedure
applied to data from the previous five years. An increase of 1645 standard deviations above the seasonal baseline of P&I deaths is considered the
''epidemic threshold,'' ie, the point at which the observed proportion of deaths attributed to pneumonia or influenza was significantly higher than would
be expected at that time of the year in the absence of substantial influenza-related mortality. Figure from the Centers for Disease Control and Prevention
(CDC) website at http://www.cdc.gov/flu/weekly/weeklyarchives2003–2004/03–04summary.htm, accessed 20 September 2011. The gray shaded area
represents the time period during which the tested repository samples were collected.

Table 1. TMA Testing of RADAR Repository Samples

Test Result Plasma Whole Blood

Invalid 3 168

Nonreactive 473 182

Initial reactive 2 0

Repeat reactive 0 0

Abbreviations: RADAR, Retrovirus Allogeneic Donor and Recipient; TMA,

transcription-mediated amplification.
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time of donation, and that influenza viremia only occurs in

subjects with moderate to severe disease. An important limita-

tion of this study is that influenza virus may be present at levels

below the limit of detection of the assays used and could be

present bound to cellular components of blood, as the bulk of

testing was limited to the plasma samples. Additionally, only

Figure 4. Comparison of Centers for Disease Control and Prevention (CDC) influenza-like illness (ILI) surveillance data with prospective sample
collection dates. A, Percentage of visits for ILI reported by the US Outpatient ILI surveillance Network (ILINet), weekly national summary, 30 September
2007 to 30 July 2011. Figure from the CDC website at http://www.cdc.gov/flu/weekly/weeklyarchives2010–2011/picILI30.htm, accessed 20 September
2011. B, The number of samples collected at Blood Systems, Inc (BSI) sites (early 2008) or American Red Cross (ARC) sites (late 2008 through late 2010).
The peaks in sample collection for both organizations corresponded to reported high levels of ILI activity in the community (panel A).

Table 2. Postdonation Information ILI Symptoms

Symptoms Fever Headache Cough Muscle Aches Sore Throat Chills Nausea Vomiting Weakness

Yes 981(98%) 622 (62%) 496 (49%) 694 (69%) 453 (45%) 839 (84%) 416 (41%) 884 (88%)

No 14 (1%) 366 (36%) 502 (50%) 303 (30%) 545 (54%) 158 (16%) 588 (59%) 116 (12%)

Do not know 9 (0.9%) 16 (2%) 6 (0.6%) 7 (0.7%) 5 (0.5%) 5 (0.5%) 0 4 (0.4%)

Abbreviation: ILI, influenza-like illness.
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the MGB Alert and CDC assays would have detected in-

fluenza B viremia, potentially limiting sensitivity for de-

tection of influenza B viremia. Furthermore, these data were

generated during periods of seasonal influenza activity and

may not apply to infection with highly pathogenic avian in-

fluenza, although viremia has been described only in subjects

with severe disease from H5N1 influenza infection [6, 39–41].

These findings indicate that influenza viremia does not appear

to normally occur during the presymptomatic phase of in-

fluenza infection in healthy individuals; thus, there would be

insignificant yield from screening the blood supply for in-

fluenza virus. In addition, the infectivity of RNA-positive units

is unknown, but our animal data suggest the influenza RNA

levels are low and transient.
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