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Background.  Acute respiratory tract infections (ARTIs) are responsible for considerable morbidity in the
community, but little is known about the presence of respiratory pathogens in asymptomatic individuals. We
hypothesized that asymptomatic persons could have a subclinical infection and thus act as a source of transmission.

Methods. During the period of 2000-2003, all patients with ARTT who visited their sentinel general practitioner
had their data reported to estimate the incidence of ARTI in Dutch general practices. A random selection of these
patients (case patients) and an equal number of asymptomatic persons visiting for other complaints (control
subjects) were included in a case-control study. Nose and throat swabs of participants were tested for a broad
range of pathogens.

Results.  The overall incidence of ARTT was 545 cases per 10,000 person-years, suggesting that, in the Dutch
population, an estimated 900,000 persons annually consult their general practitioner for respiratory complaints.
Rhinovirus was most common in case patients (24%), followed by influenza virus type A (11%) and coronavirus
(7%). Viruses were detected in 58% of the case patients, 3-hemolytic streptococci group A were detected in 11%,
and mixed infections were detected in 3%. Pathogens were detected in ~30% of control subjects, particularly in
the youngest age groups.

Conclusion.  This study confirms that most ARTIs are viral and supports the reserved policy of prescribing
antibiotics. In both case and control subjects, rhinovirus was the most common pathogen. Of bacterial infections,
only group A B-hemolytic streptococci were more common in case patients than in control subjects. Furthermore,
we demonstrated that asymptomatic persons might be a neglected source of transmission.

Acute respiratory tract infections (ARTIs) are respon-  the Continuous Morbidity Registration of The Neth-
sible for considerable morbidity in the general popu- erlands Institute of Primary Health Care have registered
lation. Most infections are caused by viruses, especially  all patients who have consulted them about influenza-
rhinovirus, influenza virus, and respiratory syncytial like illnesses (ILIs) [6]. Weekly incidence data show the
virus [1-4]. Complaints due to respiratory infections distribution of ILIs in the population, which enables
are a very common reason for consultation with a gen- early detection of epidemics. Clinically, ILI is difficult

eral practitioner (GP) [5]. Since 1970, the GPs from to differentiate from other respiratory infections [7, 8].
Therefore, since the winter 1992-1993, ~75% of the

sentinel GPs have taken nose and throat swabs from a

random selection of patients with ILI. These swabs are
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tested for respiratory viruses, Mycoplasma pneumoniae,
tributing to early warnings about influenza, the viro-

of new strains of influenza virus and shifts in the prev-
alence of other viruses.

490 « CID 2005:41 (15 August) * van Gageldonk-Lafeber et al.



information about the incidence of ARTI other than ILI. Ex-
tension of the system with the registration of all patients con-
sulting with other ARTIs made it possible to estimate the in-
cidence of both ILI and other ARTI Besides, no data were
available on the presence of respiratory pathogens in asymp-
tomatic persons in the community. To test the hypothesis that
asymptomatic persons with a subclinical infection might act as
an source of transmission, the system was expanded with a
case-control study between October 2000 and October 2003.

MATERIALS AND METHODS

The GP network of the Continuous Morbidity Registration
constitutes a representative group of ~67 GPs in ~45 practices.
Their patient population accounts for ~1% of the Dutch pop-
ulation and is representative of it with regard to age, sex, re-
gional distribution, and degree of urbanization. Throughout
the year, all practices register the number of consultations for
both ILI and ARTI by age group and week (reporting study).
ILI was reported for patients with an acute onset of illness
(prodromal stage, =<3—4 days) and at least 1 of the following
symptoms: cough, rhinitis, sore throat, frontal headache, re-
trosternal pain, or myalgia. ARTI was reported for patients with
an acute respiratory illness other than ILI and with at least 1
of the following symptoms: coughing, rhinitis, or sore throat.

Almost one-half of the practices (22 practices in 2000-2001,
19 in 2001-2002, and 18 in 2002-2003) participated in the
case-control study. Case patients were defined as patients who
consulted their GPs because of airway complaints, who received
a diagnosis of ILI or another ARTI, who consulted their GP
for the first time during that episode, and who had not used
antibiotics or antiviral medications in the previous 2 weeks.
Control subjects were defined as patients who consulted their
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GPs for complaints other than respiratory complaints, who had
no complaints of an ARTI in the prior 2 weeks, who did not
belong to the same household as the case patient, and who had
not used antibiotics or antivirals in the previous 2 weeks. Case
patients and control subjects were recruited within 1 week of
each other and were matched by age group (0—4, 5-14, 15-24,
25-44, 45-64, and =65 years). The GP obtained 1 nose and 2
throat swab specimens from both case patients and control
subjects. These swabs were accompanied by a form on which
the GP registered the following data: sex, date of birth, date of
onset of illness, date of sampling, symptoms, and diagnosis
(ILI, common cold, acute sinusitis, otitis, pharyngitis, tonsillitis,
laryngitis, tracheitis, bronchitis, or pneumonia).

Viral culture and PCR were performed at the National In-
stitute of Public Health and the Environment (Bilthoven, The
Netherlands). Both nose and throat swabs were tested for ad-
enovirus, coronavirus, enterovirus, human metapneumovirus
(hMPV), influenza virus, parainfluenza virus, rhinovirus, and
respiratory syncytial virus, as well as for M. pneumoniae, C.
pneumoniae, and Chlamydophila psittaci by use of viral culture
and PCR [9-14]. Bacteriological cultures were performed at
the Regional Public Health Laboratory (Tilburg, The Nether-
lands) using the throat swabs to detect all bacterial pathogens
known to cause community-acquired respiratory infections.
The cultures were semiquantitatively classified into 5 groups:
no colonies, sporadic colonies, few colonies, several colonies,
or many colonies. Standardized protocols were used for all
assays.

Incidences of ILI, ARTI, and ARTI including ILI were cal-
culated from the reporting study and were corrected for in-
complete reporting years. The effects on incidence of year of
study, season, participation in the case-control study, degree of
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Figure 1.  Aggregated incidence of influenza-like illnesses
4-week periods during October 2000 to October 2003.
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Table 1. Univariate and multivariate regression analyses of the
incidence of consultations for acute respiratory illnesses, in-
cluding influenza-like illnesses, in the general practice network,
2000-2003.

Relative risk (95% CI)

Incidence Univariate Multivariate
per 10,000 Poisson Poisson
Variable person-years — regression regression
Study year
Oct 2000-Sep 2001 460.9 1 1

Oct 2001-Sep 2002 611.2 1.3 (1.2-1.5) 1.3(1.2-1.4)

Oct 2002-Sep 2003 561.5 1.2 (1.1-1.4) 1.2 (1.1-1.3)
Season

Jan —-Mar 218.2 2.9 (2.7-3.1) 2.9 (2.8-3.0)

Apr-Jun 105.7 1.4 (1.2-1.6) 1.4(1.3-1.5)

Jul-Sep 75.3 1 1

Oct-Dec 136.9 1.8 (1.6-2.0) 1.8 (1.7-1.9)
Participation in case-
control study
Yes 650.4 1.3(1.2-1.5) 1.2 (1.1-1.2)
No 484.7 1 1
Level of urbanization
Low 381.4 1 1
Intermediate 567.1 15(1.3-1.7) 1.3 (1.2-1.5)
High 596.3 1.6 (1.3-1.8) 1.8 (1.7-2.0)
Region
North 256.4 1 1
East 499.8 1.9(1.7-2.2) 2.0 (1.8-2.1)
West 514.8 2.0(1.8-2.2) 1.4(1.4-1.8)
South 866.7 3.4 (3.2-3.6) 3.0 (3.0-3.3)
Age, years
0-4 1847.4 3.2 (3.0-3.4) 3.1 (3.0-3.25)
5-14 629.3 1.1(0.9-1.3) 1.1 (0.9-1.2)
15-24 597.9 1 1
25-44 4341 0.7 (0.6-0.9) 0.7 (0.6-0.9)
45-64 4131 0.7 (0.5-0.9) 0.7 (0.6-0.8)
=65 396.6 0.7 (0.5-0.9) 0.7 (0.5-0.8)

urbanization, geographic region, and age of the patient were
estimated univariately; independent effects were estimated by
Poisson regression.

All analyses for the case-control study were performed for
the complete group of participants (intention-to-treat [ITT]
analysis) and for the participants who met the inclusion criteria
(per-protocol [PP] analysis). Fisher’s exact test was used to
compare the presence of pathogens in case patients and control
subjects. For effect estimates, ORs (with 95% ClIs) were
calculated.

RESULTS

During the 3 study years, consultations for ILI and other ARTI
were reported by 47, 45, and 43 practices per year. The overall
incidence of ILI consultations was 132 consultations per 10,000

person-years, and for other ARTI consultations, it was 413
consultations per 10,000 person-years. In the season 2001-
2002, the winter peak was most pronounced (figure 1). In week
9 of 2002, the highest incidence of ILI was reported (12 con-
sultations per 10,000 person-years). For other ARTIs, there was
no clear winter peak: the highest incidences were reported in
week 50 of 2001, as well as weeks 10, 49, and 50 of 2002 (15
consultations per 10,000 person-years).

The univariate and multivariate analyses of incidence yielded
similar results (table 1). In the first year of study, the incidence
of ARTI (including ILI) was lower than it was in the second
and third year. Furthermore, the incidence was lowest in the
third quarter of that year, in practices that did not participate
in the case-control study, in practices with a low degree of
urbanization, and in practices in the north of the country. The
incidence decreased with increasing age.

Case-control study. The distribution of region and degree
of urbanization of practices that participated in the case-control
study were similar to those of the complete GP network. Nose
and throat swab specimens were obtained from a total of 645
case patients and 558 control subjects, of which 541 case pa-
tients (84%) and 541 control subjects (98%) met the inclusion
criteria. Characteristics of these participants are summarized in
table 2. Because the ITT and PP analyses led to the same con-
clusions, only the data from the PP analyses are presented here,
to exclude even minor respiratory complaints in control
subjects.

Clinical symptoms. Among case patients, there were 165
patients with ILL, 375 with another ARTI, and 1 with both ILI
and ARTI (acute pharyngitis). The diagnoses most commonly
reported for case patients with an ARTI other than ILI were
common cold (36% of case patients), acute pharyngitis (30%),
and acute tonsillitis (20%). Other diagnoses were each reported
for <10% of the case patients. For 43 patients, >1 diagnosis
was made. Fever was recorded for nearly 90% of the case pa-
tients with ILI (table 3). For case patients with other ARTISs,

Table 2. Baseline characteristics of the participants in the
case-control study from consulting sentinel general practitioners,
2000-2003.

Case Control
patients subjects

Characteristic (n = 541) (n = 541)
Sex, percentage of subjects

Male 47 38

Female 53 62
Age, mean years (range) 35 (0-87) 37 (0-87)
Received influenza vaccination for the

season, percentage of subjects
Yes 16 14
No 84 84
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Table 3. Symptoms of patients with influ-
enza-like illnesses (ILI) or other acute respi-
ratory infections (ARTI), consulting sentinel
general practitioners, 2000-2003.

No. (%) of subjects,
by presentation

ILI ARTI

Symptom (n = 166) (n = 376)
Sore throat 125 (75) 285 (76)
Cough 137 (83) 180 (48)
Fever 145 (87) 172 (46)
Rhinorrhea 77 (46) 134 (36)
Malaise 114 (69) 79 (21)
Myalgia 106 (64) 47 (13)
Other 21 (13) 65 (17)

NOTE. One patient who received diagnoses of ILI

and ARTI was included in both groups.

sore throat was the most common symptom (76%). Control
subjects consulted their GPs for a diversity of reasons, of which
joint/muscle complaints (21%) and skin disorders (14%) were
most common. The complaints mentioned were either of acute
nature or were related to chronic illness. Approximately 20%
of control subjects consulted GPs for other reasons (e.g., to
pick up prescriptions, for routine physical examinations, or to
accompany relatives).

Pathogens. The distribution of swabs for case patients
across the age groups was not representative for the distribution
of consultations for ILI and ARTTI. For patients in the age groups

Table 4.

of <15 years and =65 years, fewer nose and throat swabs were
taken than representative by clinical incidences. The distribu-
tion of consultations over the age groups and the observed
percentage of detected pathogens by age group were used to
estimate the adjusted number of pathogens expected in case
patients. To calculate the adjusted number of pathogens in
control subjects, we assumed that distribution over age groups
of consultations of ARTI including ILI was similar to that of
other consultations.

Despite the complaints about airway conditions and the use
of a large panel of diagnostic tests, no pathogen could be de-
tected for 35% of the case patients (after correction for the
distribution of consultations over the age groups). In contrast
with this, pathogens were detected for 31% of the control sub-
jects without airway complaints.

Viral pathogens, M. pneumoniae and C. pneumoniae/
C. psittaci.  The adjusted numbers of case patients with ILI
and with ARTI for which viral pathogens were detected were
120 (72%) and 200 (53%), respectively, regardless of whether
the pathogen was detected in combination with bacterial path-
ogens (table 4). The adjusted number of control subjects for
which a viral pathogen was detected was 156 (29%). For 59
case patients, 2 viruses were detected, and for 9 case patients,
3 viruses were detected (adjusted data). The most frequently
detected pathogens were influenza virus type A for case patients
with ILI (42%) and rhinovirus for those with ARTI (25%).
Rhinovirus was also most common in control subjects (17%);
however, it was recovered significantly less often than for case

Crude and adjusted prevalence of viral pathogens, Mycobacterium pneumoniae, and Chlamydophila pneu-

moniae in cases and controls, consulting sentinel general practitioners, 2000-2003.

No. (%) of subjects, by presentation

ILI ARTI Control subjects
(n = 166) (n = 376) (n = 541)
Crude Adjusted Crude Adjusted Crude Adjusted

Pathogen prevalence  prevalence® prevalence prevalence® prevalence prevalence®
Adenovirus 0 (0) 0 (0) 7 (1.9 12 (3.2) 0 (0) 0 (0)
Coronavirus 6 (3.6) 5 (3.0) 29 (7.7) 30 (8.0) 21 (3.9) 30 (56.5)
Enterovirus 2(1.2) 2(1.2) 13 (3.5) 12 (3.2) 7 (1.3) 12 (2.2)
hMPV 5 (3.0) 4 (2.4) 6 (1.6) 6 (1.6) 0 (0) 0 (0)
Influenza virus

Type A 49 (29.5) 69 (41.6) 18 (4.8) 17 (4.5) 3(0.6) 3(0.6)

Type B 15 (9.0) 14 (8.4) 10 (2.7) 13 (3.5) 0 (0) 0 (0)
Parainfluenza virus 0 (0) 0 (0) 14 (3.7) 17 (4.5) 0 (0) 0 (0)
Rhinovirus 30 (18.1) 50 (30.1) 89 (23.7) 93 (24.7) 60 (11.1) 90 (16.6)
Respiratory syncytial virus 3(1.8) 3(1.8) 12 (3.2) 18 (4.8) 3(0.6) 3(0.6)
M. pneumoniae 5 (3.0) 4 (2.4) 9 (2.4) 11 (2.9) 3 (0.6) 2 (0.4)
C. pneumoniae/Chlamydophila psittaci 2(1.2) 2(1.2) 4(1.1) 3(0.8) 10 (1.8) 25 (4.6)
No virus 57 (34.3) 46 (27.7) 191 (50.8) 176 (46.8) 438 (81.0) 385 (71.2)

NOTE. One patient who received diagnoses of ILI and ARTI was included in both groups. hMPV, human metapneumovirus.

@ Prevalence adjusted for the distribution of consultations over the age groups.
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Table 5.

Crude prevalence of bacterial pathogens, other than Mycobacterium pneumoniae and Chlamydophila

pneumoniae, in case patients and control subjects who consulted sentinel general practitioners, 2000-2003.

No. (%) of subjects, by amount of colonies

Case patients

Control subjects

(n = 541) (n = 541)

Bacterium Sporadic Few Several Many Sporadic Few Several  Many
B-Hemolytic streptococci

Group A 5 (0.9) 11(2.00 26(4.8 18(3.3) 2 (0.4) 4(0.7) 0 (0) 1(0.2)

Group B 1(0.2) 2 (0.4) 1(0.2) 0 (0) 0 (0) 2 (0.4) 2 (0.4) 0 (0)

Group C 0 (0) 2 (0.4) 4 (0.7) 2 (0.4) 1(0.2) 1(0.2) 1(0.2) 1102

Group G 1(0.2) 2 (0.4) 3(0.6) 0 (0) 1(0.2) 0 (0) 7(1.3)  11(0.2)

Group not classified 0 (0) 0 (0) 1(0.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Haemophilus influenzae 2 (0.4) 2 (0.4) 6 (1.1) 2 (0.4) 0 (0) 2 (0.4) 3(0.6) 0 (0)
Haemophilus parainfluenzae 0 (0) 1(0.2) 2 (0.4) 0 (0) 1(0.2) 2 (0.4) 1(0.2) 0 (0)
Moraxella catarrhalis 0 (0) 0 (0) 5 (0.9) 3 (0.6) 0 (0) 0 (0) 2(04) 1(0.2)
Staphylococcus aureus 7 (1.3) 8 (1.5) 5(0.9) 2 (0.4) 8 (1.5) 11 (2.0 10(1.8) 4(0.7)
Streptococcus pneumoniae 1(0.2) 0 (0) 4(0.7) 2 (0.4) 0 (0) 1(0.2) 7 (1.3) 0 (0)
No bacteria® 446 (82) 0 (0) 0 (0) 0 (0) 498 (92) 0 (0) 0 (0) 0 (0)

@ No bacteria except commensal flora (e.g., a-hemolytic streptococci, coagulase-negative staphylococci, and diphtheriodes) or po-
tential opportunistic microorganisms (e.g., Enterobacteriaceae and Pseudomonas species).

patients (adjusted OR, 1.8; 95% CI, 1.3-2.4). All other viruses,
with the exception of coronavirus and enterovirus (as well as
the bacteria M. pneumoniae), were also detected significantly
less often in case patients. Influenza virus type B and hMPV
were detected only in case patients (both those with ILI and
those with ARTI), as was also the case for adenovirus and
parainfluenza virus (for only those with ARTI).

Viral pathogens were detected in 75% of the case patients
aged <5 years and in 53% of those aged =5 years. Among the
control subjects, viruses were detected in 68% of the subjects
aged 0—4 years, 40% of those aged 5-14 years, and 15% of
those aged =15 years. There was no association observed be-
tween the detected pathogens and diagnoses made by the GP
or with reported symptoms (data not shown).

100

Bacterial pathogens. In addition to commensal and po-
tential opportunistic microorganisms, bacterial pathogens were
detected in 95 case patients (18%) and 43 control subjects (8%),
regardless of whether viral pathogens were also present (table
5). Group A (3-hemolytic streptococci were detected signifi-
cantly more frequently in case patients than in control subjects
(60 [11%)] vs. 13 [2%]; adjusted OR, 5.1; 95% CI, 2.7-9.3). All
other bacteria were detected in equal quantities in both groups.
Staphylococcus aureus was the most common bacterium in con-
trol subjects. This microorganism was not detected in 0—4-year-
old control subjects. A total of 246 potential opportunistic mi-
croorganisms were detected, of which Candida species
predominated in both case patients and control subjects.

It was not possible to assess the presence of group A (-
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Figure 2.
B-hemolytic streptococci are excluded.

Percentage of viral, bacterial, and mixed infections in case patients and control subjects, by age group. Bacteria other than group A
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hemolytic streptococci from diagnoses or symptoms of patients.
Fifty percent of the case patients positive for such organisms
received diagnoses of acute tonsillitis. Conversely, group A (-
hemolytic streptococci were detected in only 30 of the 74 pa-
tients with tonsillitis, and no bacteria (except commensal and
potential opportunistic microorganisms) were detected for 29
of them. Furthermore, >90% of the case patients who tested
positive for group A B-hemolytic streptococci reported having
a sore throat and fever, whereas these microorganisms were
actually detected in only 14% of all patients with these
symptoms.

Mixed infections. A mixed infection was defined as the
presence of a virus in combination with group A $-hemolytic
streptococci. A. Other bacteria are ignored because they were
detected with equal frequency among case patients and control
subjects, making a causal relationship with the respiratory com-
plaints not plausible. Mixed infections were detected in 21 case
patients (4%) and 7 control subjects (1%). Mixed infections
were more common among case patients than control subjects,
and they were most pronounced in the older age groups (figure
2), although only viral infections were seen among people aged
=065 years.

DISCUSSION

To our knowledge, this is the first study to have assessed the
role of a wide range of both viruses and bacteria in a repre-
sentative population of GP patients with ARTI and control
subjects. A more selective study investigated the viral causes of
ARTI, but this study focused on a subpopulation of commu-
nity-dwelling elderly persons in The Netherlands [15]. The in-
clusion of control subjects made it feasible to investigate
whether a causal relationship between airway complaints and
detected pathogens exists. Furthermore, our study provided a
unique sample from the general population, which can be used
to study the relative importance of future new pathogens.

Reporting study. The incidence of ILI in general practices
was estimated to be 132 cases per 10,000 person-years, and it
was 413 cases per 10,000 person-years for other ARTIs, cor-
responding to 1 in 76 persons visiting their GPs for ILI and 1
of 24 visiting them for other ARTIs annually; for a population
of 16 million individuals, this yields almost 900,000 visits an-
nually. The incidence was highest in the first quarter of the
year, reflecting the circulation of influenza virus in the winter
and early spring. Comparison of incidence data with those
found in other countries is practically impossible. In the Eu-
ropean Influenza Surveillance Scheme, considerable differences
in clinical morbidity rates are seen between different networks,
even between neighboring countries. A number of factors can
explain these differences, including circulation of influenza vi-
ruses in Europe, use of different case definitions, and differences
in health care systems [16-19].

The incidence of GP consultations in our study is for a period
of moderate influenza activity. During the study, the peak in-
cidence of ILI (12 cases per 10,000 persons) was 2.5 times lower
than the average peak incidence over the past 20 years [20].
Influenza activity affects the number of consultations for ILI,
as well as for other respiratory illnesses [17].

Despite the policy of discouragement of GP visits for ARTI,
the incidence was still considerably higher than that for other
infectious diseases, such as gastroenteritis (101 visits per 10,000
person-years) [21, 22]. Of the 49 participating GPs who com-
pleted a questionnaire after 1 year of study, 80% reported dis-
couragement of patients from visiting their practice for respi-
ratory complaints.

The incidence of ARTI was independently associated with
the degree of urbanization, the geographic region, and partic-
ipation in the case-control study. The incidence was lowest in
the north, as was also found in a similar study of gastroenteritis
in sentinel practices in The Netherlands [21]. A higher inci-
dence was found in areas with an intermediate or high degree
of urbanization, compared with areas with a low degree of
urbanization. It is possible that the risk of person-to-person
transmission increases with increasing population density. A
higher incidence for practices that participated in the case-
control study was also seen in a study of gastroenteritis [21].
Heightened attention to respiratory infections in the partici-
pating practices may have caused information bias. However,
selection bias associated with a higher participation rate for
practices with higher incidences of ARTI can also account for
the difference.

Age was also independently associated with incidence. The
highest incidences were found in the youngest age groups. This
might be attributed to the developing immune status of young
children and their vulnerability to infections [23]. Furthermore,
part of the increased physician’s care for young children might
be explained by a heightened level of parental anxiety, because
interpretation of clinical signs and distinguishing between un-
complicated and significant illness can be difficult in early child-
hood [24]. As was also found by Monto et al. [2], the incidence
decreased in the older age groups. Although respiratory viruses
are known to cause substantial morbidity in elderly people, no
increase in the incidence of GP consultations was seen in our
study [3, 25]. The relatively low influenza activity during the
study may have played a part in this [20].

Pathogens. Viruses were detected in 58% of the case pa-
tients, group A 3-hemolytic streptococci were detected in 11%,
and mixed infections were detected in 3%. This confirms the
assumption that ARTIs are mainly viral illnesses. In agreement
with other studies, we found that influenza viruses were the
most common pathogens in case patients with ILI and that
rhinovirus was the most common in those with ARTIs [1, 3,
26-28]. Frequencies of detected respiratory viruses vary be-
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tween studies because of discrepancies in study populations
and the types of performed diagnostic tests. Furthermore, the
prevalence of viruses seems to vary over time and between
different geographical areas [27].

In agreement with a study that involved Dutch, community-
dwelling elderly persons [15], we found a relatively low diag-
nostic deficit (38%). The diagnostic deficit appears to be lower
in the younger age groups, which might be explained by a more
prolonged period of virus shedding in children [29]. Because
of the development of improved detection methods, and be-
cause of identification of newly discovered pathogens, the di-
agnostic deficit found in our study was lower than that in earlier
studies [26, 30, 31].

We detected pathogens in ~30% of the control subjects. This
percentage is considerably higher for the youngest age groups:
viruses were detected in 68% and 40% of the control subjects
aged 0—4 and 5-14 years, respectively. To our knowledge, only
2 other studies have investigated respiratory pathogens in per-
sons without an ARTI [15, 32]. Johnston et al. [32] reported
that 12% and 4% of asymptomatic children and adults, re-
spectively, tested positive for rhinoviruses and enteroviruses.
Graat et al. [15] reported that 4% of persons aged =60 years
who did not have respiratory complaints tested positive for
rhinoviruses and coronaviruses. Frequencies of subclinical re-
spiratory infections in these studies were substantial lower than
were those observed in our study: 68%, 55%, and 51% for
asymptomatic children (age, 0-15 years), adults, and persons
aged =65 years, respectively; this is probably because our study
covered a wider range of pathogens. However, the percentage
of subclinical infections in our study might have been over-
estimated, because we did not observe the control subjects for
the subsequent development of symptoms. Although control
subjects had no respiratory complaints before or at the moment
that the nose/throat swabs were obtained, we cannot rule out
the possibility that they were in the incubation period for an
ARTI. From a questionnaire completed by case patients and
control subjects, we know that the rates of exposure to persons
with respiratory symptoms within or outside the household
were 38% and 56%, respectively, for case patients and 24% and
30%, respectively, for control subjects. Graat et al. [15] included
a follow-up period of 8 weeks and excluded only 8% of the
control subjects because they developed respiratory symptoms.
So, even if ~10% of our control subjects would have had cases
in the incubation period, we still found a substantial number
of subclinical infections. For 1 of the 3 control subjects for
whom influenza virus was detected, the GP reported that this
child did not develop respiratory complaints in the 4 weeks
after the nose/throat swab was taken.

Only group A 3-hemolytic streptococci were statistically sig-
nificantly more common in case patients than in control sub-
jects. Other bacteria were reported equally often and in the

same quantities in both case patients and control subjects and,
therefore, seem to have no causal relationship with ARTI in
the general population. This supports the current reserved pol-
icy with respect to the prescription of antibiotics. When the
physician still decides to prescribe antibiotics, the use of nar-
row-spectrum antibiotics against group A -hemolytic strep-
tococci will be sufficient. However, the international trend of
increasing prescription of broad-spectrum and new chemo-
therapeutics has also been seen in The Netherlands [33].

In conclusion, ARTI proved to be very common. We dem-
onstrated that asymptomatic persons can harbor respiratory
pathogens and, as a consequence, constitute a neglected source
of infection in their environment. Furthermore, our study
proved that prescription of antibiotics is usually not advisable,
because the majority of cases of ARTT are caused by viruses.
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