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Abstract We tested the hypothesis that swabs from the
nasopharynx carry a higher viral load than swabs from the
oropharynx in patients with real-time polymerase chain
reaction (PCR)-confirmed influenza infection. Using
flocked swabs, oropharyngeal and nasopharyngeal samples
were harvested from hospital-admitted influenza patients no
later than 3 days after the initial detection of influenza virus.
Comparison of cycle threshold (CT) values was performed
to assess differences in viral load in the specimens. Seven-
teen patients were diagnosed with influenza B, 14 patients
with influenza A(H1N1)pdm09, and one patient with influ-
enza A(H3N2). Nasopharyngeal samples were positive at a
lower CT value than the oropharyngeal samples [mean
difference in CT 5.75, 95 % confidence interval (CI) 3.8–
7.7, p<0.01], suggesting that, on average, the calculated
viral load of the nasopharyngeal samples was 54 times
higher (95 % CI 13.7–210.8) than those of the oropharyn-
geal samples. The corresponding difference in the calculated

viral load for influenza A(H1N1)pdm09 virus was 23 times
(95 % CI 3.8–136.2, p<0.01) and for influenza B virus, it
was 80 times (95 % CI 9.3–694.6, p<0.01). In patients with
acute influenza, nasopharyngeal swabbing was clearly su-
perior to oropharyngeal swabbing in terms of diagnostic
yield by real-time PCR.

Introduction

The early diagnosis of influenza is important for timely
antiviral treatment and appropriate infection control. Al-
though a number of sampling strategies such as nasal
washes, nasal aspirates, nasal swabbing, nasopharyngeal
(NP) and oropharyngeal (OP) swabbing, as well as sputum
and bronchial lavage are used, no gold standard is estab-
lished for the acquisition of representative material for this
important diagnosis [1]. Furthermore, interpersonal variabil-
ity in sampling technique may provide materials of highly
variable quality [2].

The infectious potential of influenza viruses is directly
related to the extent of viral shedding [3]. Prospective stud-
ies on naturally acquired influenza have shown a nonlinear
decrease in viral shedding with time. Major comorbidities,
systemic corticosteroid use, and late antiviral treatment were
consistent with slower viral clearance [4–6]. The duration of
influenza virus shedding in healthy volunteers is approxi-
mately 4.8 days [3]. Samples harvested later in the course of
illness are likely to be negative due to a low viral load [5]. In
particular with influenza A(H1N1) pandemic 2009 infec-
tions [influenza A(H1N1)pdm09], there are conflicting
reports on the possible impact of antiviral treatment on the
duration of viral shedding [6, 7]. Prolonged shedding
(>7 days) was found in approximately 25 % of all hospital-
ized patients with influenza A(H1N1) [8]. Younger individ-
uals seem to carry a higher viral load and have a longer
period of viral shedding compared to older individuals [8,
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9]. Although patients suffering from influenza B are less
extensively studied, their viral load and shedding pattern
appear to be more variable than those observed in patients
infected with influenza A [3].

Viral density and persistence are likely to vary with the
location of the pathogen in the airways. Thus, samples from
the lower airways may still be positive by polymerase chain
reaction (PCR) also when virus is no longer detectable in
specimens from the nasopharynx. For this reason, some
patients may be contagious even after conversion to nega-
tive tests by NP swabs [2]. In a study covering several
respiratory viruses, we have shown that the viral load in
the nasopharynx is higher than in the oropharynx [10].
Although only a few cases of influenza virus infections were
included in that study, we assume that, also in patients
suffering from an acute influenza virus infection, swabs
from the nasopharynx carry a higher viral load than swabs
from the oropharynx. The aim of the present study was to
test this hypothesis.

Materials and methods

Ethical committee

The study design was approved by the Norwegian Regional
Committee of Research Ethics.

Study design and eligibility criteria

During the influenza seasons of November–December 2009
and December 2010–March 2011, all patients above 18 years
of age who had a positive PCR test for influenza virus upon
hospital admission were invited to take part in this prospec-
tive study. To avoid an increased risk of nasal bleeding,
patients with an international normalized ratio (INR) of
three or more were not eligible for inclusion in the study.
A total of 34 patients were eligible for inclusion, and 32
patients agreed to participate. Two patients declined due to
previously experienced discomfort during NP sampling.

Swabbing was performed by one of two technicians
experienced with NP and OP swabbing using the previously
described technique [10]. Two nylon flocked swabs,
502CS01 regular and 503CS01 nasopharyngeal (both
Copan Italia, Brescia, Italy), were used in the oropharynx
and nasopharynx, respectively. The swabs were inserted into
Universal Transport Medium (UTM) tubes (1.5 ml medium,
no beads, Copan Italia) and the tubes were shaken for 10 s.

Examination of the patient’s journal was performed to
assess for known risk factors for influenza, such as chronic
heart, lung, kidney, liver, or neurological diseases, pregnan-
cy, immunodeficiency, autoimmune diseases, and diabetes.
For each participant, the time of any vaccination for

influenza A(H1N1)pdm09 virus and/or seasonal influenza
(H1N1, H3N2, and B) was established. In addition, the date
of symptom debut leading to health care contact and of
possible initiation of antiviral treatment was registered.

Sample processing and diagnostic procedures

Following swabbing, specimens were kept at room temper-
ature, and there were no differences in the collection, han-
dling, or analysis for the OP and NP specimens. Nucleic
acid extraction usually took place within 24 h and always
within 48 h. PCR analyses were performed within the next
24 h (or else the nucleic acid eluates were stored at −70 °C
until testing). Using duplex PCR methods, the specimens
were examined for untyped influenza A and influenza B
(Table 1). All influenza A-positive samples were examined
for influenza A(H1N1)pdm09. Further laboratory work fol-
lowed procedures described previously [10]. The amplifica-
tion efficiency of the PCR assays used in this study was
measured to be above 98 % [10]. Samples that were nega-
tive for influenza A(H1N1)pdm09 and positive for untyped
influenza A were shipped to the Norwegian Institute of
Public Health for further subtyping.

Statistics

Student’s t-tests were used when comparing continuous
data, and Chi-square tests when comparing categorical data.
The statistical analysis for viral load was based on differ-
ences in cycle threshold (CT) values of the cDNA derived
from the samples [10]. A CT value of 38 was designated as
the cut-off value for positive results. The CT values were
analyzed as continuous data. A comparative analysis of
differences in CT values in influenza subgroups was per-
formed by the use of one-way analysis of variance
(ANOVA). Two-tailed p-values less than 0.05 were consid-
ered to be significant. Statistical analysis was performed by
the use of PASW Statistics 18.0. Calculations of sample size
were performed by the use of Sample Power 2.0. From our
previous study, a mean difference in viral load between OP
and NP samples was found to be 8.16 [95 % confidence
interval (CI) 7.0–10.5] [10]. The sample size needed to
detect a mean 4× difference in viral load with a significance
level 0.05 and power 80 % was 40 study subjects.

Results

Of the 32 patients included in the study, 17 were diagnosed
with influenza B infection, 14 with influenza A(H1N1)pdm09,
and one with influenza A (H3N2). Samples from the nasophar-
ynx were positive in 25 of these 32 patients, rendering a
diagnostic sensitivity of the procedure of 78 %. In comparison,
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the sensitivity for OP samples was 63 % (20/32) (χ2<0.01).
Six patients were PCR-positive in their nasopharynx only and
one patient only in material obtained from the oropharynx.
Subgroup analysis of influenza A(H1N1)pdm09 showed a
diagnostic sensitivity of 71 % (10/14 patients) for NP samples
and 50 % (7/14) for OP samples (χ200.02).

NP samples were positive at a lower CT value than
samples from the OP (mean difference in CT 5.75, 95 %
CI 3.8–7.7, p<0.01), corresponding to 54 times (95 % CI
13.7–210.8) higher calculated viral load in the nasopharynx
samples compared to those obtained from the oropharynx.
Subgroup analysis of influenza A(H1N1)pdm09 showed a
mean difference in the calculated viral load of 23 (95 % CI
3.8–136.2, p<0.01) times between the NP and OP swabs.
For influenza B, the mean difference in the calculated viral
load was 80 times (95 % CI 9.3–694.6, p<0.01) higher. No
significant difference was found between influenza A
(H1N1)pdm09 and influenza B when comparing viral loads.

A total of seven patients with influenza A(H1N1)pdm09
and three patients with influenza B were swabbed more than
24 h after the initiation of antiviral treatment and the mean
difference in CT values for these patients was 2.8 (95 % CI
0.7–6.3). This was significantly lower than for the group
treated less than 24 h (or not at all), with mean difference in
CT values of 7.1 (95 % CI 4.8–9.4, p00.035). Four patients
with influenza A(H1N1)pdm09 and two with influenza B
tested negative in the oropharynx and nasopharynx when
swabbed for this study. Only three of these six patients
received antiviral treatment. Further patient characteristics
are summarized in Table 2.

Fifty-nine percent of the patients had one or more known
risk factors for influenza infection. The mean duration of their
symptoms before hospitalization was 3.3 (±2.7) days and the
mean time from symptom start until swabbing was 4.8 (±2.7)
days. The patients were swabbed an average of 1.5 (±0.8) days
after hospital admission. Of the six patients who tested nega-
tive in both the oropharynx and nasopharynx, the mean [stan-
dard deviation (SD)] time from symptom start to swabbing

was 6.0 (±1.9) days. Out of the 32 study patients, five were
admitted to the intensive care unit, where they spent a median
of 3 days (range 1–10 days). Four patients needed respiratory
support for a median of 2.5 days (range 1–3 days). No patients
received antivirals prior to hospitalization and a total of 13/32
patients received in-hospital antiviral treatment.

Discussion

This study shows that, using the described swabs, material
obtained from the nasopharynx contains more influenza
virus than that recovered from the oropharynx. The com-
bined calculated diagnostic sensitivity for influenza B and
influenza A(H3N2)pdm09 for NP and OP samples were
78 % and 63 %, respectively (χ2<0.01).

Our finding that the NP samples contain more virus than
the OP samples are in contrast to a prospective study from
Kenya, where influenza A(H1N1) were found significantly
more often in OP samples and influenza B virus more often
in NP samples, whereas with influenza A (H3N2), no sig-
nificant difference between the two sampling sites were
observed[11]. However, the Kenyan study compared a
flocked swab used in the nasopharynx with a polyester swab
used in the oropharynx. As flocked swabs contain, on aver-
age, 4.8 times more virus than rayon swabs, a comparison
based on different swab types is difficult to interpret [10].
Lieberman et al. performed NP and OP sampling by rigid
cotton swabs as well as by NP washes to detect eight
different respiratory virus types [12]. NP washes were found
to be superior to NP swabbing, and OP swabbing was the
least sensitive of the three sampling methods. As NP washes
are difficult to obtain, NP swabbing samples appear to be
the most appropriate method, especially in frail individuals
[1].

In this selected material of initially PCR-positive individ-
uals, our sampling method reached a sensitivity of 78 % for
all observed influenza virus and 71 % for influenza A

Table 1 Oligonucleotide
sequences used in virus
detection

HA hemagglutinin, M matrix,
FAM 6-carboxyfluorescein, Y 0
C/T, R 0 A/G

List of Oligonucleotide sequen-
ces used in virus detection

Agents detected Target gene Oligonucleotide sequence (5′-3′) Reference

Influenza virus A M F CATGGAATGGCTAAAGACAAGACC [15]
R CCATTTAGGGCATTTTGGACA

P TTTGTGTTYACGCTCACCGTGCCCA (FAM)

Influenza virus B HA F AAATACGGTGGATTAAATAAAAGCAA [16]
R CCAGCAATAGCTCCGAAGAAA

P CACCCATATTGGGCAATTTCCTATGGC
(Texas Red)

H1N1 2009 influenza A HA F TGGGAAATCCAGAGTGTGAATCACT [17]
R CGTTCCATTGTCTGAACTAGRTGTT

P CCACAATGTAGGACCATGAGCTTGCTGT
(FAM)
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(H1N1)pdm09 alone. As the initial viral material was col-
lected, on average, 1.5 days before the collection of swabs
for the current study, natural viral clearance in some patients
would be expected to reduce the sensitivity of the test. On
the other hand, the use of absorptive swabs and specially
trained technicians probably contributed to the high sensi-
tivity of 78 % for all influenza viruses and 71 % for the
H1N1 strain.

In a retrospective cohort study of 25 patients hospitalized
for pandemic influenza with community-acquired pneumo-
nia, a comparison between lower respiratory tract specimens
and NP swabs revealed a sensitivity of only 63 % for the NP
swabs and nearly 98 % for the lower respiratory samples [2].
A lower respiratory tract infection could possibly delay viral
clearance in the lungs, leading to a prolonged viral excretion
in the lower airways. Therefore, specimens from the bron-
chial tree could be more suitable than NP samples when
investigating patients with pneumonia. However, at least in
patients without lower respiratory tract affection, NP swabs
represent a low-cost, easily accessible, and quick diagnostic
method, and provided a proper swabbing technique.

The viral load is reduced in a nonlinear fashion and
different types of influenza virus seem to follow different
time lines for viral clearance [3–5, 8, 9, 13]. Samples from
influenza A(H1N1)pdm09 patients display a lower viral
load than patients suffering from seasonal influenza A
(H1N1 and H3N2) [9]. The majority of studies on viral load
and clearance have been performed on influenza A sub-
groups. Although less is known about influenza B in this
regard, one study reported continuous viral shedding in
70 % of influenza B patients compared to 33 % among
those suffering from influenza A disease after 7 days of
illness [4]. We did not find a significant difference in viral
load when comparing samples from patients with influenza
B and influenza A(H1N1)pdm09. Among our patients, more
of the initially influenza A(H1N1)pdm09-positive than in-
fluenza B-positive individuals had turned PCR-negative on
average 4.8 days after onset of the disease. However, the

small numbers involved do not allow any general conclu-
sions be made. The time of sampling, seriousness of the
infection, comorbidity, lower respiratory tract infection,
sampling method, and vaccination status may all influence
the viral load at the sampling site [4, 8, 9, 14]. An assess-
ment of the relative impact on the viral load of such factors
would require careful examination of a large group of com-
parable patients.

One might speculate that the H1N1 dominance of the
current study is explained by sampling bias towards detect-
ing influenza A(H1N1)pdm09 rather than influenza A
(H3N2).

However, recent subtyping of influenza strains in a compa-
rable study [10] conducted during the influenza season 2008–
2009 provided additional H3N2 isolates (Olav Hungnes, Nor-
wegian Institute of Public Health, personal communication).
The NP samples for these patients were positive at a lower CT
value than the OP samples, with a mean difference in CT value
of 10.9 (95%CI 7.1–14.7, p<0.001), corresponding to a mean
difference in the calculated viral load of 1,911 times (95 % CI
137.2–26,615.9) higher in the nasopharynx than the orophar-
ynx. H1N1 and H3N2 shared the higher affinity for the naso-
pharynx compared to the oropharynx. This finding makes it
unlikely that the H1N1 dominance of the current study is
explained by methodological issues.

A strength of our study is the prospective design and the
low number of specially trained staff responsible for the
swabbing procedure, reducing the possibility of suboptimal
techniques. A limitation is that the sensitivity of the diag-
nostic procedure is evaluated, on average, 1.5 days after
admission, and not at the time of hospitalization. The genet-
ic variation in influenza A(H1N1)pdm09 is still limited,
with most isolates genetically similar to influenza A/Cali-
fornia/07/2009 (H1N1). Therefore, future studies need to be
performed when influenza A(H1N1)pdm09 has been thor-
oughly established as a seasonal pathogen.

To our knowledge, this is the first study comparing the load
of influenza viruses in swabbed samples from the oropharynx

Table 2 Characteristics of the
study population suffering from
influenza A(H1N1) and
influenza B

aNo information was available for
one of the patients in the A
(H1N1) and B groups

Type of influenza virus A(H1N1) B

Number of patients 14 17

Age, median (range), years 41.5 (51) 49.0 (71)

Male, % 57.1 52.9

Smoking, % (no. of smokers/total) 46a 12.5a

Risk factors for influenza,% (no. of patients) 71 53

H1N1 vaccination (no. vaccinated/total) 6/14 8/14

Seasonal influenza vaccination (no. vaccinated/total) 2/12 3/12

Symptomatic days prior to hospitalization, median (range) 2.0 (13) 3.0 (6)

Days from symptom debut to sampling, median (range) 4.0 (14) 5.0 (6)

X-ray-confirmed pneumonia 2/14 6/16
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and nasopharynx of adult patients. We show that, in influenza
patients, the etiological diagnosis by PCR is achieved more
efficiently by NP than by OP swabbing.
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