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Viral diagnosis of respiratory tract infections has
so far required sampling by health professionals,
hampering large-scale epidemiological studies of
virus-specific disease outcomes. As part of a popu-
lation-based, prospective study of work-related risk
factors for transmission of viral infections (SWEDE-I),
we developed a scheme for self-sampling with nasal
swabs. Random selection from the gainfully employed
population of a medium-sized town in central Sweden
resulted in a study cohort of 2,237 men and women
aged 25 to 63 years. From September 2011 through
May 2012, the cohort reported all instances of respira-
tory tract infection or gastroenteritis and participants
concomitantly sent self-sampled nasal swabs for anal-
ysis using regular mail. Diagnosis of 14 viruses was
performed. A total of 1,843 samples were received.
The week-wise average delay between disease onset
and arrival of the specimens at the laboratory varied
between four and six days, and the corresponding
median delay was between 3.5 and six days. In line
with previous community-based studies, picorna- and
coronaviruses dominated in specimens obtained from
the self-sampling scheme. The results of self-sampling
were contrasted to those from contemporaneous rou-
tine clinical sampling, on the same age group, in the
adjacent Stockholm county. Although higher propor-
tions of positive samples for respiratory syncytial
virus and influenza were observed in the clinical sam-
pling scheme, estimations of seasonality for influenza
A and picornaviruses derived from both schemes were
similar. Our findings show that nasal self-sampling
is feasible in large-scale surveillance of respiratory
infections and opens new prospects for population-
based, virologically verified research on virus spread,
burden of disease, and effects of environmental fac-
tors or interventions.

Introduction

Epidemiological studies of respiratory infections
require laboratory confirmation of causative agents.
Even a syndrome such as influenza-like illness
(ILD), which is regarded as marker for influenza in
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routine surveillance, needs viral diagnosis in a subset
of patients [1-3].

Until recently, viral sampling from the respiratory tract
demanded professional involvement. This made large-
scale sampling in epidemiological studies exceed-
ingly expensive. Now, self-sampling by lay study
participants and shipment of nasal swabs via regular
mail should be feasible [4-6], since the sensitivity of
polymerase chain reaction (PCR) enables detection of
infectious agents at low concentrations. Further, viral
genetic material remains stable under many conditions
despite loss of infectivity and multiplex PCR assays
capable of simultaneously examining many viruses can
enable a comprehensive overview of circulating respir-
atory viruses [7].

Knowledge about the spread of specific viruses in the
community is fundamental for successful prevention of
epidemics. In many countries, the burden and spread
of infections in society may differ substantially from
what is seen among patients seeking healthcare. Even
for influenza, only a minority of cases may show up in
healthcare. The majority stay at home, and these cases
probably account for the most substantial burden of
disease, the largest cost due to loss of productivity,
and likely form the main basis for spread of disease.

As part of the study of work environment and disease
epidemiology-infections (SWEDE-1), we developed a
scheme for self-initiated respiratory self-sampling
with nasal swabs in a cohort that constituted a rep-
resentative sample of the workforce in Eskilstuna — a
medium-sized industrial town in central Sweden. The
objective was to demonstrate the feasibility of nasal
self-sampling as part of the population-based surveil-
lance of respiratory virus infections in the adult, work-
ing population. Here, we describe the logistics and
results of PCR-based analyses of 14 viruses. The virol-
ogy results from this self-sampling were contrasted to
those obtained in contemporaneous routine clinical



specimens, received during the same time period, from
the same age group in the adjacent Stockholm area.

Methods

Study of work environment and disease
epidemiology-infections

The study of work environment and disease epidemiol-
ogy-infections (SWEDE-1) was designed to: (i) identify
work-related factors associated with the risk of com-
mon acute respiratory infections and viral gastroenteri-
tis, both overall and by causative viral agent, in order
to pave the way for preventive measures; (ii) provide
empirical data on factors that affect the probability
of transmission of common viral infections in various
work-related settings, in order to improve the epidemic
models needed for predictions and planning when
major outbreaks are anticipated. SWEDE-| used, for the
first time, a newly developed and extensively tested
population-based system for infectious disease sur-
veillance with an analytical epidemiological approach.
As part of this study, a scheme for self-initiated respir-
atory self-sampling with nasal swabs was developed.

Setting

We strived to conduct the self-sampling study within
a fairly small, circumscribed and stable population.
By restricting to such a population, the proportion of
the source population that was constituted by partici-
pants would be sufficiently high to allow estimations
of the period-specific activity of each virus of interest,
as an indirect indicator of the probability of becoming
exposed, based on the observations in the studied
sample. In a small community with high participation
density it is also easier to keep participants alerted to
their reporting commitment since information about
the study tends to propagate by word-of-mouth.
Eskilstuna, a town with 97,373 inhabitants 110 km west
of Stockholm, Sweden, corresponded well with our
specifications and was chosen as the study site. Trade
and industry is varied and includes several traditional
manufacturing industries. Most gainfully employed
people both live and work in the commune.

Study population

Gainfully employed people, aged 25-63 years, resid-
ing in Eskilstuna, constituted the source population.
The sampling frame was provided by Statistics Sweden
through cross-linkage of the continuously updated
population register with the Employment Register. To
achieve a premeditated sample size of 2,200, postal
invitations were sent to an age- and sex-stratified
random sample of 14,008 individuals. The expected
under-representation of men and of the age stratum
25-44 years was compensated for in the recruitment
by an over-sampling based on observed participation
rates in earlier, similar population-based infectious
disease surveillance studies [8].

The cohort filled in a series of web- or paper-based
questionnaires which comprehensively probed into the

physical and psychological work environment, work
tasks, contact patterns, and commuting behaviour, as
well as into potential confounding factors such as diet,
family structure, living conditions, medical history,
personal characteristics, and physical activity.

Participant-initiated disease reporting and self-
sampling of nasal secretion

Participants were instructed to self-report all onsets
of fever (>38°C), upper respiratory tract infection, and
gastroenteritis, alone or in combination, immediately
as they occurred during the entire study period from
1 September 2011 up to 31 May 2012. Reporting could
be done via Internet or via telephone, using interactive
voice response. When reporting an infection, the par-
ticipants answered questions about symptoms in an
automated, tree-structured interview. Based on pre-
defined algorithms, the diseases could be classified
as common cold [9], gastroenteritis, ILI [10], or other/
unclassifiable. Frequent reminders by email and mail,
and monthly newsletters reminded the participants
of their commitment. Additionally, participants were
requested to sample nose secretions concurrently with
every symptom report. Two kits with nylon flocked
dry swabs in plastic tubes (Copan Diagnostics, Inc.,
Murrieta, CA, US) and an instruction leaflet had been
distributed to each participant shortly after entry into
the cohort. Each kit was uniquely linked to the partici-
pant by a barcode label on the tube. The participant
sent the sampled material to the Virology depart-
ment, Clinical Microbiology Laboratory at Karolinska
University Hospital, Solna, via regular, pre-paid mail.
When a participant’s last kit had been returned, a new
one was supplied. The samples were stored at -70°C
until tested for enterovirus, human coronavirus (hCOV)
229E, HKU1, NL63 and 0C43, influenza A, A(H1iN1)
pdmog and B, metapneumovirus (MPV), parainfluenza
1, 2 and 3, respiratory syncytial virus (RSV), rhinovi-
rus, using in-house real-time PCR in 96-well plates [7].
Remaining material was stored in a biobank for five
years.

To get confidential feedback on test results, each par-
ticipant received an individually unique six-character
code, which, combined with the unique national reg-
istration number, gave access to a secure webpage
listing the participant’s results by arrival date of the
specimen. Each test result was accompanied by a text
describing the virus and its associated disease.

Comparison with viral diagnoses in routine
healthcare

The virological laboratory used for SWEDE-I also pro-
vides diagnostic services to the entire Stockholm
county (population 2.1 million). For reference, aggre-
gated weekly test results from all samples collected
during the same time period (September 2011 to May
2012) and from persons in the same age group (25-63
years) as the SWEDE-I cohort, who had been diagnosed
for some or all of the same viruses were extracted.
These samples (n=1,516) represent a mixture of in- and
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out-patients that were analysed for clinical reasons.
Testing was administered in form of two standardised
test packages: 73% of subjects (n=1,113) were only
tested for influenza A (including A(H1N1)pdmog), influ-
enza B and RSV. 27% (n=403), and typically in-patients,
were tested for the full range of viruses analysed for in
SWEDE-I, though without distinguishing between dif-
ferent picornaviruses.

Statistical methods

For each virus category, the total number and the per-
centage of positive swabs for each respiratory virus
over all samples tested made are reported separately
for the SWEDE-1 material and the clinical samples.
Percentages are given with exact 95% confidence inter-
vals (Cl) [11]. Hypothesis testing of equal percentages
of positive tests for specific viruses in both materials
was performed with Fisher’s exact test (F-test).

To explore temporal trends in incidence, the proportion
of new cases each week (as percentage of all cases dur-
ing the nine-month study period) was computed for the
four most frequent virus diagnoses (corona-, influenza
A-, metapneumo- and picorna- viruses). Week-wise
hypothesis testing of equal proportions in the SWEDE-I
and clinical materials was done with F-test.

The distribution of sex, age, country of birth, and immi-
grant status was examined for SWEDE-I participants
found to have a positive test for coronavirus, influ-
enza A and picornavirus. Testing of the hypothesis that
these distributions were the same for the virus-affected
groups as for all participants who returned at least one
nasal swab was done using chi-squared tests.

The weekly averages of number of days between
reported onset of a disease episode and receipt of
the corresponding nasal swab at the laboratory were
plotted against study week, together with a loess
smoothing curve for the mean, inversely weighted by
weekly standard errors [12]. The smoothing curve was
then tested against a null model of constant average
delay using an approximate F-test [13]. Differences in
this delay between individual positive and negative
tests over the entire study period were tested using a
Wilcoxon test. For all tests, a p-value of less than o.05
was considered statistically significant.

Ethics

The study protocol was approved by the Stockholm
Regional Ethics Review Board (dnr 2011/360-31/2). All
participants gave their informed consent.

Role of the funding source

This research was funded in full by AFA Insurance,
Stockholm, Sweden. The sponsor had no role in the
conception, design, planning, execution, analysis,
interpretation or publication of the study. The corre-
sponding author had full access to all the data in the
study.
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Results

After two reminders, 2,237 of 14,008 invitees agreed
to participate in the SWEDE-I cohort (participation rate
16%). Some key characteristics of the cohort are exhib-
ited in Table 1. The participants sent in 1,843 nasal
swabs and made 2,119 disease reports, giving a sam-
pling rate of 87%. Of the nasal swabs, 876 (47.5%; 95%
Cl: 45.3-49.8%) were shown to contain at least one

TABLE 1

Demographic and clinical characteristics of the cohort for
the study of work-related risk factors for transmission of
viral infections (SWEDE-I), Sweden, September 2011-May
2012 (n=2,237 participants)

n/Nab (%)

Characteristic

Men 918/2,237 (41)
Women 1,319/2,237 (59)
Age in years

Mean (standard deviation) 47 (10)
Median (interquartile range) 46 (39-56)
Age group in years

25-34 284/2,237 (13)
35-44 718/2,237 (32)
45-54 592/2,237 (26)
55-63 643/2,237 (29)
Household size®

1 person 251/1,815 (14)
2 persons 705/1,815 (39)
3 persons 326/1,815 (18)
4 persons 396/1,815 (22)
>5 persons 137/1,815 (8)

Children below 13 years-old in household

o children 1,248/1,815 (69)
1 child 245/1,815 (13)
235/1,815 (13)

87/1,815 (5)

2 children

>3 children

Highest attained education

160/1,798 (9)
596/1,798 (33)

Secondary school (<9 years)

Sixth Form (11-13 years)

University/college<3 years

260/1,798 (15)

University/college=>3 years

596/1,798 (33)

Other post-sixth form education

186/1,798 (10)

Healthcare work

Yes

349/1,906 (18)

No

1,557/1,906 (82)

Number of reported disease events

0 1,158/2,237 (52)
1 654/2,237 (29)
2 267/2,237 (12)
23 158/2,237 (7)

2 Atotal 2,237 participants were in the cohort but not all
responded to all questions asked in the questionnaire.

> Unless otherwise specified.
¢ Including the index participant.




virus (henceforth referred to as ‘positive tests’). Since
21 of the samples each contained two or more differ-
ent viruses (two viral diagnoses in 20 samples, three
in one), the total number of virus diagnoses was 898.

The number of returned swabs peaked in the last week
of September 2011 (week 39) and fell until the last
week of November (week 48), when a phase with vari-
able inflow ensued (Figure 1A). After the last week of
February 2012 (week 9), the numbers decreased until
the end of the study. The crude number of positive
tests showed a similar pattern, but there was a more
distinct upward tendency from late November, a cli-
max in mid-February, and a gradual decrease until late
April. In the beginning of the self-sampling study, the
proportion of positive tests remained at ca 40%, but
from mid-November the proportion increased, until it
exceeded 60% in early April (week 14) (Figure 1B). Then
it abruptly fell back to around 45%.

FIGURE 1

With the exception of the first and last two weeks of
the study, the week-wise average delay between onset
of disease episodes and arrival of the specimens at the
laboratory varied between four and six days, and the
corresponding median delay was between 3.5 and six
days. Figure 2 suggests that this average increased
slightly towards the end of the study period, although
the trend indicated by the smoothing curve failed to
reach formal significance (p=0.06). Overall, the delay
between disease onset and sample arrival appeared
fairly stable. Negative tests were slightly but signifi-
cantly skewed towards longer delays (p=0.004).

Of 1,212 episodes with reported nasal discharge, 679
(56.0%) showed positive tests, in stark contrast to 29
(12.1%) of 239 episodes without nasal discharge. Test-
negative episodes without nasal discharge were evenly
distributed across the entire study period (data not
shown).

Weekly number of swabs received by the cohort of the study of work-related risk factors for transmission of viral infections
(SWEDE-I) and proportion of positive tests among all swabs received, Sweden, September 2011-May 2012 (n=1,843 swabs)

A. Total number of swabs received by calendar week from the SWEDE-I cohort (blue), along with the

number of positive tests (orange).
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SWEDE-I cohort. The green line is the weighted loess smooth and the 95% confidence envelope is in grey.
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FIGURE 2

Delay between specimen arrival at the laboratory and reported disease episode onset in the cohort performing self-
sampling, study of work-related risk factors for transmission of viral infections (SWEDE-I), Sweden, September 2011-May

2012 (n=876 swabs)

A. Distribution of number of days between reported disease onset and arrival of the specimen at the laboratory for positive
and negative tests; the modified boxplots show quartiles and median (box) as well as 5% and 95% quantiles (whiskers).
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B. Loess smoothing curve (blue) weighted by standard errors of weekly averages of number of days elapsed between specimen
arrival and reported disease onset. The grey area indicates 95% confidence limits for the loess curve.
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Pattern of virus-specific diagnoses

Percentages of virus-specific diagnoses among all sam-
ples tested in the SWEDE-I cohort are listed in Table
2 (column 2). In the SWEDE-I material, rhinoviruses
were the most common of all tested viruses (20.8% of
all samples) and dominated the picornavirus group.
Coronaviruses, dominated by HKU1, were found in
16.2% of the samples, followed by seasonal influenza
A in 4.6% of the samples and MPV in 2.9%. Among
test-positive samples from patients without nasal dis-
charge, the distribution of virus types was essentially
the same as that in the entire SWEDE-I cohort (data not
shown).

Columns 4 of Table 2 display the diagnostic yield from
the clinical material. As for the SWEDE-I samples,
corona-, influenza A and picorna-, viruses dominated,
in the clinically-isolated samples, however, the rank
order differed substantially and the proportion of
influenza and RSV positive samples was significantly
higher among such samples (p<6e-05).

TABLE 2

Seasonality of virus-specific diagnoses

The seasonal distributions of virus-specific diagno-
ses across the study period are shown in Figure 3 as
weekly proportions of all specific diagnoses in the
study period. From the SWEDE-I samples we found that
picornaviruses, which were dominated by rhinoviruses
occurred during the entire study period, but with a dis-
tinct peak in the last week of September (week 39). The
season for coronaviruses lasted from early November
until early May (week 18), with a climax in the sec-
ond week of February (week 6). Seasonal influenza A
peaked during the first three weeks of March (weeks
9-11). MPV occurred with three distinct peaks four to
seven weeks apart between late December (week 52)
and late March (week 13). Again the seasonal pattern
among test-positive samples from patients without
nasal discharge was very similar to the whole SWEDE-I
cohort as just described (data not shown).

Figure 3 also shows the corresponding proportions
of virus-specific diagnoses in the clinically-isolated

Numbers, and percentages among all samples tested, of positive diagnoses for respiratory viruses found respectively for self-
sampled and clinically-sampled swabs, Sweden, September 2011-May 2012

SWEDE-| self-sampled swabs

Number of positive

Test result samples among all

samples tested
n/N (%)?

95% Cl

Clinically sampled swabs

Number of positive
samples among
all samples tested
n/N (%)®>c

95% Cl

Picornavirus 416/1,843 (22.6) 20.7-24.6 44/403 (10.9) 8.0-14.4 4e-08
Rhinovirus 383/1,843 (20.8) 18.9-22.7 NA NA NA

Enterovirus 18/1,843 (1.0) 0.6-1.5 NA NA NA

Undecided 15/1,843 (0.8) 0.5-1.3 NA NA NA

Coronavirus 298/1,843 (16.2) 14.5-17.9 22/403 (5.5) 3.5-8.1 1e-09
HKU1 167/1,843 (9.1) 7.8-10.5 9/403 (2.2) 1.0-4.2 3e-07
229E 85/1,843 (4.6) 3.7-5.7 7/403 (1.7) 0.7-3.5 0.008
0C43 41/1,843 (2.2) 1.6-3.0 4/403 (1.0) 0.3-2.5 0.120
NL63 5/1,843 (0.3) 0.1-0.6 2/403 (0.5) 0.1-1.8 0.616
Influenza virus 88/1,843 (4.8) 3.9-5.8 380/1,516 (25.1) 22.9-27.3 <2e-16
A seasonal 84/1,843 (4.6) 3.7-5.6 349/1,516 (23.0) 20.9-25.2 <2e-16
A(HiN1)pdmog 0/1,843 (0.0) 0.0-0.2 13/1,516 (0.9) 0.5-1.5 3e-05
B 4/1,843 (0.2) 0.1-0.6 18/1,516 (1.2) 0.7-1.9 8e-04
Metapneumovirus 54/1,843 (2.9) 2.2-3.8 22/403 (5.5) 3.5-8.1 0.015
Parainfluenza virus (PIV) 25/1,843 (1.4) 0.9-2.0 9/403 (2.2) 1.0-4.2 0.182
PIV1 14/1,843 (0.8) 0.4-1.3 2/403 (0.5) 0.1-1.8 0.752
PIV3 10/1,843 (0.5) 0.3-1.0 7/403 (1.7) 0.7-3.5 0.021
PIV2 1/1,843 (0.1) 0.0-0.3 0/403 (0.0) 0.0-0.9 1.000
Respiratory syncytial virus (RSV) 17/1,843 (0.9) 0.5-1.5 42/1,516 (2.8) 2.0-3.7 6e-05

Cl: confidence interval; NA: not applicable; SWEDE-I: study of work-related risk factors for transmission of viral infections.

In the SWEDE-I study, 855 samples generated one viral diagnosis, 20 two diagnoses, and one three diagnoses.

2 The rate of positives for the influenza viruses and RSV in the SWEDE-I samples was 105/1,843=5.7% and for the other viruses it was
793/1,843=43.0%. The overall positivity rate was 876/1,843=47.5%.

® The rate of positives for influenza viruses and RSV in the clinical samples was 422/1,516 =27.8% and for the other viruses, which were only
tested for in a subset of patients, it was 97/403=24.1%. The overall positivity rate cannot be calculated for the clinical material.

¢ 0Of 1,515 total clinical samples, only 403 (27%), typically from in-patients, were tested for the full range of viruses analysed for in SWEDE-I,
though without distinguishing between different picornaviruses. All samples were however tested for influenza A (including A(H1N1)
pdmoyg), influenza B and RSV.
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samples. Despite the difference in absolute frequen-
cies seen in Table 2, the resulting proportions obtained
respectively within the self-sampling and clinical-sam-
pling schemes indicated seasonal occurrences that
were overall similar. Influenza A tracked extremely well
between the two schemes, the only difference (p=0.01)
being a second dominant peak in the SWEDE-I cohort,
two weeks after the common peak. For the corona-,
metapneumo- and picornaviruses, significant differ-
ences in weekly proportions of positive swabs among
the two sampling schemes were mostly observed
towards the end of the study period, with the excep-
tion of one obvious peak in week 11 for coronavirus in

FIGURE 3

the clinical material, which was completely absent in
the SWEDE-I material (p=0.0004). The counts for the
other viruses considered in this study were too few to
allow for seasonal analyses.

Common infections and demographics

The distributions of age, sex and foreign background
were remarkably similar among SWEDE-| participants
with positive tests for, respectively, coronavirus, influ-
enza A and picornavirus (Table 3). None of these virus-
positive groups differed significantly from the total
group with tested nasal swabs. People born abroad
or with an immigrant background were similarly

Weekly proportions of samples positive for (A) picornavirus, (B) coronavirus, (C) influenza A and (D) metapneumovirus
relative to the total positive respective samples during the whole study obtained in the self-sampled and clinically-sampled

materials, Sweden, September 2011-May 2012
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SWEDE-I: study of work-related risk factors for transmission of viral infections.

Each data point represents the proportion of positive samples for a given virus that was received during the specified week relative to the
season’s total number of positive samples for this virus. Red lines represent self-sampled material from the SWEDE-I cohort in Eskilstuna,
blue lines represent samples retrieved from contemporaneous routine clinical material from patients of the same age group seen at Karolinska
University Hospital in Stockholm. Weeks in which the proportions differed significantly (p<o.05) between the two materials are marked with a

grey bar.
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represented in the virus-positive groups. However, the
age distributions among participants with coronavi-
rus- and influenza A-positive infections differed sig-
nificantly; while the majority of the former were 35-54
years of age, influenza A affected mainly participants
in the youngest (25-34 years) and oldest (55-63 years)
age groups (p=0.03).

Discussion

This study demonstrates the feasibility of nasal self-
sampling as part of population-based surveillance of
respiratory virus infections. During one season 1,843
samples, corresponding to 1.1 per person-year, could
be evaluated. Previous reports have indicated that
self-sampling earlier in the disease likely compensates
for possible losses in sample quality [14,15]. The week-
wise average delay between onset of disease episodes
and arrival of the specimens at the laboratory varied
between four and six days, and the corresponding
median delay was between 3.5 and six days. This delay
is considered acceptable in terms of sample quality.

While we lack a formal validation against a gold-stand-
ard method, we argue for the validity of our results
based on a number of separate lines of evidence.
With regard to self-reporting of ILI/ acute respiratory
infection (ARI), the framework for self-initiated, event-
driven infectious disease reporting that we employed
had already been developed for a Swedish popula-
tion-based cohort [8] and used for population-based
surveillance in Stockholm County since 2007 [16]. A
separate validation study concluded that while there

TABLE 3

was significant under-reporting of disease (estimated
at 60%), this level of under-reporting was remarkably
constant over time and across seasons [16], so that
a simple constant correction factor can potentially
restore validity of incidence rates, at least in terms of
reported disease incidence.

It is possible that the additional requirement of col-
lecting and mailing a nasal sample may have led to
increased study fatigue and correspondingly increased
under-reporting in the SWEDE-I study, compared with
the previous studies: in Figure 1A, we see indeed that
the number of tests performed decreases from more
than 100 samples/week at the very beginning to ca
20 samples/week at the end. However, Figure 1B indi-
cates that the proportion of positive samples was at
about the same level of ca 40% at both times, with in
between a peak of ca 60% positive samples coincid-
ing with the peak of the influenza A season seen in
Figure 3. Also, within the study period, the numbers
of self-sampled specimens submitted to the laboratory
decreased more after week 9. This is in agreement with
syndromic surveillance in adults for the same period
in the whole of Sweden, based on calls for fever and
cough to a medical advice line as an indicator for res-
piratory infections, which shows a sharp decline of
contacts from week 9, the last week in February [17].
Taken together, it appears that the fluctuation in posi-
tive samples at least is driven more by seasonal and
disease-related factors than by varying levels of par-
ticipation in the study.

Comparison according to selected demographic variables of SWEDE-I participants testing positive for coronavirus,
influenza A, or picornavirus with all participants who returned a nasal swab, Sweden, September 2011-May 2012 (n=1,843)

All incoming nasal swabs

Picorna-virus positive

Corona-virus positive Influenza A virus positive

Demographic characteristics (n=1,843) (n=416) (n=292) (n=84)
n (%) n (%) n (%)
Men 608 (33) 142 (34) 104 (36) 24 (29)
Women 1,235 (67) 274 (66) 188 (65) 60 (71)
Age group in years
25-34 256 (14) 55 (13) 30 (10) 15 (18)
35-44 618 (33) 140 (34) 90 (31) 24 (29)
45-54 436 (24) 108 (26) 83 (28) 13 (15)
55-63 533 (29) 113 (27) 89 (31) 32 (38)
Foreign born
Yes 103 (5) 21(5) 15 (5) 5 (6)
No 1,305 (71) 297 (71) 203 (70) 63 (75)
Missing 435 (24) 98 (24) 74 (25) 16 (19)
Immigrant status?
Yes 304 (16) 60 (14) 48 (16) 14 (17)
No 1,102 (60) 257 (62) 170 (58) 54 (64)
Missing 437 (24) 99 (24) 74 (25) 16 (19)

SWEDE-I: study of work-related risk factors for transmission of viral infections.
2 At least one parent born outside Sweden.
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With regard to the distribution and burden of viruses in
SWEDE-I, we found a similar pattern of rhinovirus-coro-
navirus-influenza as the three most common diagnoses
(at 23%/ 16%/ 5%, respectively) seen in community-
based studies in England in the 1990s (34%/ 14%/
9% for a population aged o-60+years [18] and 52%/
26%/ 10% for a population aged 60-90 years [19]).
These community-based studies used active follow-up,
with sampling by health professionals, and diagnosis
through a combination of virus isolation and serology.

This is strikingly different from the concurrent clini-
cally-isolated sampling scheme results, where the pro-
portion of influenza-positive samples (25%) dominated
all other infections, with seasonal influenza A, A(H1N1)
pdmog, B being significantly more frequent than in
SWEDE-I. At the same time, RSV and MPV were also
significantly more common in the clinical materials.
Although the lower frequency of viruses causing severe
infections in SWEDE-I could be partly due to the self-
sampling method, it seems most likely that patients
infected with these viruses are overrepresented in
healthcare.

Even though we have not been able to demonstrate
conclusively in this study that self-sampling has the
same sensitivity as healthcare based sampling, our
results strongly support the use of the SWEDE-I meth-
odology for influenza surveillance.

With regard to the timing of the circulation of differ-
ent viruses, we found that the seasonality patterns
obtained were rather similar between the SWEDE-I and
clinical schemes. This confirms that clinical identifica-
tion parallels societal spread, as seen in similar self-
sampling studies previously [15], but is by no means a
measure of societal spread intensity. The higher pro-
portion of positive tests in the SWEDE-I cohort was
explained by the abundance of picorna- and corona-
virus infections. Self-sampling earlier in the disease
may have contributed to their frequent detection, but
the most apparent explanation for their scarcity in the
clinical material is that they are rarely direct causes
of severe disease among adults [20,21]. Interestingly,
when influenza A peaked in the SWEDE-I cohort, only
ca 30% of the samples were positive for influenza, and
another 30% were positive for other tested viruses.
This underlines the importance of virological testing to
verify that acute respiratory disease is caused by influ-
enza also during the epidemic period.

In the SWEDE-I cohort, the proportion of positives
for picorna virus, corona virus and influenza viruses
in adult persons from various demographic groups
was very similar to the proportion among all samples
obtained (Table 3). The similarity in this non-health-
care selected, adult population is obvious both when
age, sex and ethnicity are considered. It is difficult to
make any other interpretation than that spread of these
viruses, with accompanying respiratory symptoms, is
rather homogenous among adults of similar age in the

www.eurosurveillance.org

society. The low rate of positives for the other viruses
prevented a similar analysis.

Noticeable limitations of the study include the absence
of formal validation against gold standard testing,
uncertain external validity due to low participation in
the invited representative sample, and probable under-
reporting among participants. Men, young age groups,
and low-educated people were somewhat under-repre-
sented in a similar cohort [8]. The number of disease
reports per person-year in this study is very similar to
a previous validation study in similar cohorts [16]. In
the previous study, a relatively constant under-report-
ing of 60% was identified, based on random control
questionnaires on health status the previous week.
Assuming a constant overall incidence of virus infec-
tions from year to year, the under-reporting was likely
similar in the present study. Clearly, more research is
needed to improve the completeness of disease report-
ing. Additional reminders and other incentives may be
required.

The rate of positivity was further considerably higher
among individuals whose disease was associated
with nasal discharge than among those without. We
found no indications that this disfavoured any specific
virus, but further research is needed to verify whether
patients without rhinitis are virally infected, and if so,
to improve sampling.

This is a large-scale epidemiological study where self-
reporting, self-sampling and modern PCR-based diag-
nosis were combined for investigation of virus-specific
respiratory infection incidence on the population level.
The logistics around reporting and self-sampling func-
tioned exceptionally well. Of major importance was the
sensitivity of the virological assays used. The meth-
odology has been evaluated [7] and the sensitivity
appears to be optimal. The participants received writ-
ten instructions on how to perform the self-sampling
and the instructions were also available on the study
web page. In addition the participants could also call
the staff at the study centre to ask questions. Shortly
after having sent in a sample the participant could log
in with their unique code at the study web page, for
access to a secure website with their viral test results.
The major cost of a virological study is the laboratory
analyses, and to contain costs, samples can be stored
at -70°C until analysis in batches during periods of low
workload since analysis is not necessary for clinical
purpose. While the present cost of virological analy-
ses makes routine sampling for analyses of respiratory
viruses in the population unjustifiable, the feasibility
of large-scale self-sampling in epidemiological studies
may importantly advance the understanding of burden
of disease and factors affecting spread.

The discrepancies and similarities with findings in clin-
ical specimens seem logical, and calculations for influ-
enza result in a very relevant incidence for the included
population. For some of the viruses, a laboratory



comparison of sensitivity for nasal vs nasopharyngeal
aspirates is desirable, but the fact that self-sampling is
performed very early during the disease may compen-
sate for a higher sensitivity of clinical nasopharyngeal
sampling.

This successful deployment of self-sampling is appli-
cable everywhere and it can be extended to other
groups than working adults, and to various geographi-
cal areas, so long as the mail transport is reasonably
efficient. We believe it may be an important tool in
further research on spread of viruses in the popula-
tion and the effect of interventions such as vaccina-
tion. Self-sampling for vaginal and rectal material has
already been introduced for diagnosis of venereal dis-
eases [22]. This sampling method can certainly support
clinical and syndromic surveillance, as previously sug-
gested [15].
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