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ABSTRACT: The objective of this study was to develop a symptom
scoring system for use in clinical studies that differentiates children
with cold symptoms who have an identifiable viral etiology for their
upper respiratory tract infection (URI) from those in whom no virus
is detected. Nasal swabs for PCR testing for identification of respi-
ratory viruses were obtained on children aged 2–11 y at baseline and
when parents thought their child was developing a cold. Parental-
recorded severity of specific symptoms in children with and without
a documented viral URI were compared. Nasal swabs were obtained
on 108 children whose parents reported their child was developing a
cold. A viral etiology was identified in 62 of 108 (57.4%) samples.
Symptom measures that best differentiated children with a viral
etiology from those without were significant runny nose and signif-
icant cough on days 1–4 of the illness. A URI symptom score was
developed based on these symptoms, with a sensitivity of 81.4%,
specificity of 61.9%, and accuracy of 73.3%. Parental impression is
only a moderately accurate predictor of viral URI in children. Our
URI symptom score provided a more accurate method for identifying
children with viral URIs for clinical studies. (Pediatr Res 68:
252–257, 2010)

The common cold is a ubiquitous feature of childhood. The
average child develops up to 6–8 colds per year, each

lasting 7–9 d (1). Cold symptoms are an extraordinarily
common reason for health care utilization in pediatric patients
(2,3). Beginning in the 1950s, investigators discovered rhino-
virus and other viruses that cause the common cold (4,5).
Subsequently, the term “viral upper respiratory tract infection”
(viral URI) has become virtually synonymous with “cold” for
describing the illness.

In many settings, differentiating a viral URI from other
respiratory illnesses may be of trivial importance. However,
for epidemiologic studies of URI or randomized controlled
trials of various cold remedies, it may be critically important
to more accurately differentiate patients with an actual viral
infection from those with other respiratory conditions. The
“gold standard” for diagnosing a viral URI, PCR (6,7), is
expensive and requires access to sophisticated laboratory fa-
cilities, which limit its applicability for large clinical or epi-

demiologic studies. Thus, other methodologies for identifying
patients with viral URI may be more practical.

Over a half century ago, Jackson et al. (8) developed a
symptom scoring system to differentiate adults with viral URIs
from other conditions. For that study, adult volunteers were
randomized to have either saline solution or saline solution
containing filtered nasal secretions from individuals with “typ-
ical colds” instilled in their noses. For the next 14 d, the study
participants rated the severity of 12 symptoms of URI on a
0–3 scale. Those who received the filtered nasal secretions
had significantly more severe symptoms than those receiving
saline alone; a total symptom severity score of �14 was found
to be the best cut-off value for defining a URI. This symptom
scoring system, commonly referred to as the “Jackson score,”
continues to be used in studies on URIs in adults (9). Because
the presence of some of the symptoms in the score, such as
chilliness and myalgia, may be difficult to detect in preverbal
children, the use of the Jackson score in pediatric studies may
be limited. Other investigators have characterized symptom
patterns in children and adults with known viral URIs
(6,10,11). There has been little effort to differentiate symptoms
among pediatric patients with a documented viral URI from
those of children who have some features of a URI but in
whom no virus is detected. Thus, there is a need for a
validated symptom checklist, or prediction rule, that accu-
rately predicts the presence of a community-acquired viral
URI in children enrolled in clinical studies.

As a precursor to a planned randomized controlled trial of
the efficacy of Echinacea purpurea in preventing viral URIs in
pediatric patients, we collected respiratory samples using na-
sal swabs on children with a clinical cold for PCR testing
against respiratory viruses. Parents of these children com-
pleted comprehensive symptom diaries during the episode.
Our goal was to identify a set of symptoms that could be used
to develop a prediction rule that differentiated children with a
viral URI from those with negative viral testing.

METHODS

A prospective observational study was conducted by the Puget Sound
Pediatric Research Network (PSPRN) and Bastyr University. PSPRN is a
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regional practice-based research network of community pediatric practices in
the Puget Sound area; for this project, seven offices participated. Bastyr
University is an academic alternative medical school located in Kenmore,
WA. At PSPRN practices, participating providers discussed the study with
parents of potentially eligible children; if the parent was interested, contact
information was sent to the research assistants who explained the study in
detail and completed the enrollment procedures. Bastyr University used a
generalized recruitment strategy to enroll patients by advertisements.

Study participants. Eligible children were aged 2–11 y, in good health, and
with no history of chronic lung disease. Eligibility was based on the inclusion/
exclusion criteria planned for a subsequent randomized trial of Echinacea.
Thus, patients with a history of asthma, allergic rhinitis, autoimmune disease,
or allergy to Echinacea or related species were not enrolled. Each participant
was in the study until she/he developed a cold or completed a 120-d
observation period without developing cold symptoms. Study data were
collected from November 2007 to May 2008. The study was approved by the
Seattle Children’s Hospital Institutional Review Board and the Bastyr Uni-
versity Institutional Review Board. Written informed consent was obtained
from the parents of study children; written assent was obtained from children
aged 7 y and older.

Study design. At enrollment, parents completed a study form that included
demographic information, use of daycare � 20 h/wk, school attendance, and
exposure to cigarette smokers. In addition, a baseline nasal swab for PCR
testing was collected. For patients with URI symptoms at the baseline visit,
the baseline swab collection was rescheduled at least 14 d later. At enrollment,
parents were given a cold symptom diary and asked to notify the research
team as soon as they thought that their child was developing a cold.

Research assistants telephoned parents of study patients every 14–17 d to
remind them of the study procedures and ask about any cold symptoms in the
child. If the parent indicated that the child had developed a cold, but that
he/she had not contacted the study team, the patient was considered to have
a “missed” cold and excluded from further analysis.

Parents notified a research assistant when they believed their child was
developing a cold. The research assistant specifically inquired about the
presence of four respiratory symptoms: runny nose, nasal congestion, cough,
and sneezing. If the research assistant confirmed the child had one or more
symptoms, he/she was considered to have a clinical cold, and arrangements
were made to collect an “acute” nasal swab for PCR testing within 48 h.

Once the research assistant determined that a study child had met criteria
for a clinical cold, the parent was asked to begin completing the daily
symptom diary. The scoring system used in the diary was based on the
Jackson score and other cold severity rating systems and included measures
for 12 separate symptoms for each day of the cold, for up to 14 d (8,10,11).
Symptoms included sneezing, runny nose, nasal congestion, cough, fever,
headache, malaise, chilliness, scratchy throat, sore throat, hoarseness, and

myalgias. Each morning, for as long as symptoms persisted, parents were
asked to rate the severity of each of these symptoms using the scale: 0 � none,
1 � mild, 2 � moderate, and 3 � severe. An additional possible response was
“can’t tell,” which was added because it was felt that it would be difficult for
parents of young children to rate the presence and severity of some of these
symptoms. In an attempt to standardize the reporting, a guide for rating
severity of symptoms including examples of symptoms warranting a partic-
ular severity was provided to all parents of study children. The guide for
rating symptoms is shown in Table 1.

Initially, we planned to include data from only the first 3 d of recorded
symptoms to develop a prediction rule for identifying a viral URI in a child.
Ultimately, data from the first 4 d of symptoms were used to develop the
prediction rule because inclusion of information from day 4 on symptoms
improved the precision of the rule. Inclusion of data after day 4 did not
increase the accuracy of the prediction rule.

Sample collection and testing. A deep nasal swab, obtained by a small
flexible nylon flocked swab (Copan Diagnostics, Corona, CA) inserted ap-
proximately one half the distance between the nares and bridge of the nose,
was used for all sample collections. After collecting the specimen, the swab
was rinsed vigorously in 0.5 mL of lysis buffer. Samples were stored at room
temperature until testing (12). Total nucleic acid was extracted from 200 �L
of swab specimen in lysis buffer as described previously (13). One thousand
copies/reaction of an external control was added to identify false-negative
PCR results (14). Nasal swab samples were tested by quantitative PCR for
respiratory syncytial virus A and B, human metapneumovirus (hMPV),
influenza A and B, parainfluenza types 1, 2, 3, and 4, adenovirus, rhinovirus,
and coronavirus (subtypes 229E, HKU1, NL63, and OC43) (7,13–16).

Nasal swabs were also tested for bocavirus. During the course of the study,
evidence emerged that bocavirus does not seem to be an etiologic agent of
viral URIs in children older than 2 y (17,18). Therefore, we did not include
bocavirus in our analysis.

A study patient was classified as having a viral URI if one or more viruses
were detected that had not been found in the child at the baseline swab. If the
same virus was detected at the baseline and acute swab, the child was
classified as having a viral URI only if at least a 2 log increase in viral load
was present in the acute swab.

Data analysis. An iterative process was used to develop the prediction rule
for accurately classifying whether a study child had a viral URI (19,20).
Ratings for each measured symptom for the first 4 d of the illness were coded
into two variables. The first measure of each symptom was whether it was
present, corresponding to scores of 0 versus scores of 1–3. The second
measure was whether the symptom was present and of “significant severity,”
corresponding to scores of 0–1 versus 2–3. With this procedure, 96 different
variables defining the presence or absence of symptoms were created (12
symptoms � 2 measures/symptom � 4 d of assessment).

Table 1. Symptom severity guide distributed to parents of study children

Symptom None Mild Moderate Severe

Sneezing No sneezes Few short episodes of sneezing Occasional sneezes Frequent sneezes
Runny nose No runny nose Had to wipe nose (or blow)

nose rarely
Had to wipe (or blow) nose occasionally Had to wipe (or blow) nose frequently

Nasal congestion No congestion Breathing through nose slightly Breathing through nose noisy, has
“nasally” speech, breathes through
mouth some

Breathes through mouth almost all the
time because of nasal congestion,
speech very “nasally”

Cough No cough Few short episodes of
coughing

Occasional coughs or rare episodes of
prolonged coughing

Frequent coughs or at least occasional
episodes of prolonged coughing

Feverishness No fever or
looking flushed

Felt warm to the touch, no
flushing

Felt very warm to the touch or
temperature �100.5°, slightly flushed

Felt hot to the touch or temperature
�102°, very flushed

“Malaise” No ill appearance
or behavior

Slightly less active than normal Activity reduced somewhat, not
engaging in usual activities

Mostly in bed or lying down

Chilliness No chilliness Complaining about being cold,
no extra clothing or blankets

Wearing extra clothes or using blanket
to keep warm

Very chilled, shivering, constantly
under a blanket to keep warm

Headache No headache Mild complaints of headache,
no change in activity

Frequent complaints of headache, not as
active because of headache

Mostly in bed because of headache

Myalgias No muscle aches Infrequent complaint of muscle
aches or pains

Occasional complaint of muscle aches or
pains

Frequent complaint of muscle aches or
pains

Sore throat No sore throat Mild pain with swallowing Moderate pain with swallowing Very painful to swallow
“Scratchy” throat No throat pain Infrequent complaint of pain in

mouth or throat, discomfort
mild

Occasional complaint of pain in mouth
or throat, or moderate discomfort

Frequent complaint of pain in mouth
or throat, or severe discomfort

Hoarseness No change in
voice

Speech is slightly hoarse or
“husky”

Speech is very hoarse or “husky” Cannot speak above a whisper
because or hoarseness
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The rate of presence of each symptom measure in children with a PCR
confirmed viral URI and those with a negative PCR (“no URI”) was then
compared using �2 tests. Those symptom measures for which rates in the two
groups (viral URI or no URI) were different (p � 0.20) were classified as
candidate symptom measures and included in the next step. For symptoms in
which both severity measures (e.g., any runny nose and significant runny
nose) were different in patients with and without viral URI, only the measure
with the more significant difference was included. In addition, candidate
symptom measures in which greater than 10% of parents indicated “can’t tell”
regarding the presence of the symptom were excluded.

Stepwise forward logistic regression was used to identify combinations of
symptom measures that differentiated children with and without viral URIs.
The final regression model included all candidate symptom measures associ-
ated with the outcome of viral URI (p � 0.30). To develop a “URI symptom
score,” 1 point was given for the presence of each of the identified symptom
measures; the total URI symptom score in a given patient was the sum of these
points. Receiver-operating-characteristic (ROC) analysis was done to choose
the cut-off score that maximized the accuracy of the cold score in predicting
the presence of a viral URI. “Accuracy” was defined as the proportion of
children with a viral URI with a “positive” URI symptom score plus the
proportion with no URI with a negative score.

Before collecting study data, a decision was made to develop a URI
symptom score measure that had “sensibility.” This term is used to describe
a decision rule that has face validity to clinicians caring for children (19,20).
For example, if a symptom measure on days 2 and 4 of illness was associated
with the outcome of a viral URI in the regression model, it would be sensible
to also include scores for that symptom on days 1 and 3. Thus, additional
models for the URI symptom score were developed by including symptom
measures that we judged to increase the sensibility of the prediction rule.
Alternative models of the score were developed in which one or more
symptom measures were removed until the final model for the URI symptom
score with the highest accuracy in differentiating children with and without a
viral URI was derived. A final model, using the Jackson score, (8) was also
constructed. For the Jackson score, the sum of the severity of eight symptom
measures for 6 d is calculated; a score �14 is considered as indicative of a
viral URI.

After determining the symptom measures to be used in calculating each
model of the URI symptom score, ROC analysis was done to determine the
optimal cut-off value. Based on this cut-off value, the sensitivity, specificity,
positive predictive value (PPV), negative predictive value, and accuracy of
the model in predicting a viral URI were calculated; 95% confidence interval
(CI) around the point estimates were also calculated. The sensitivity of the
final URI symptom score in predicting the presence of viral URIs caused by
rhinoviruses (versus no URI) was determined. A similar analysis was con-
ducted for viral URIs caused by viruses other than rhinovirus.

RESULTS

A total of 150 children were enrolled in the study including
126 by PSPRN pediatricians and 24 by the research team at
Bastyr University. Disposition of study patients is summarized
in Figure 1. Acute nasal swabs for PCR analysis were obtained
in 108 patients whose parents thought that their child was
developing a cold and had at least one cold symptom. The rest

of the analysis is focused on the 108 children in whom an
acute nasal swab was obtained. Demographic characteristics
for these 108 children are summarized in Table 2. No differ-
ences for any characteristics between children who had an
acute nasal swab and those who did not were noted. There
were also no statistically significant differences in demo-
graphic characteristics between the 108 children in whom
acute swabs were obtained and the eight participants who had
a “missed” cold.

No virus was detected at baseline in 87 of the 108 children
(80.6%) who had a nasal swab collected for an acute illness.
Viruses detected at baseline in the remaining 21 children are
shown in Table 3. Five patients had rhinovirus detected at both
baseline and with the acute nasal swab. In one child, there was
�2 log increase in viral load from baseline to the acute swab;
this patient was classified as having a viral URI. The other
four patients had no substantial increase in rhinovirus load and
were categorized as having no URI. In all other “positive”
acute swabs, the virus detected had not been present at base-
line. Overall, a respiratory viral etiology was identified in 62
of the 108 children (57.4%, 95% CI: 47.5–66.9%) considered
to be developing a cold with at least one respiratory symptom
(Table 3). Rhinovirus was the most common etiologic agent,
accounting for 49.2% of all viruses detected.

Completed symptom logs were returned by parents of 101
study children (93.5%). In addition, information from symp-
tom logs was also collected by research assistants when acute
swabs were obtained. Data on symptom severity were ob-
tained on all 108 study children on day 1 of their cold

Table 2. Characteristics of 108 study children in whom a nasal
swab was obtained for PCR testing during an acute illness

Mean age (standard deviation) 6.0 years (2.7 years)
Female gender 50%
Daycare for �20 h/wk for children younger than 5

years at enrollment (n � 43)
32.6%

School attendance or daycare for �20 h/wk for
children aged 5 years and older
at enrollment (n � 65)

90.8%

Living in household with one or more cigarette
smokers

0.93%

Table 3. Viruses identified in 108 study children who had nasal
swab samples obtained at baseline and during an acute illness

Virus
Number detected at

baseline (%)*
Number detected during

acute illness (%)†

Rhinovirus 12 (54.5) 32 (49.2)
RSV 3 (13.7) 8 (12.3)
hMPV 1 (4.5) 8 (12.3)
Coronavirus 3 (13.7) 6 (9.2)
Influenza B 1 (4.5) 4 (6.2)
Parainfluenza type 3 0 2 (3.1)
Adenovirus 0 2 (3.1)
Influenza A 1 (4.5) 1 (1.5)
Parainfluenza type 1 0 1 (1.5)
Parainfluenza type 2 0 1 (1.5)
Parainfluenza type 4 1 (4.5) 0

* Percentage of all viruses detected at baseline. One child had two viruses
at baseline.

† Percentage of all viruses detected during an acute illness. Three children
each had two viruses detected.

Figure 1. Disposition of children enrolled in the study.
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symptoms, on 106 children (98.1%) on day 2, 104 (96.2%) on
day 3, and 101 on day 4 (93.5%).

The presence of 96 separate symptom measures in study
children were compared. Twenty-one symptom measures met
criteria for inclusion as candidate symptom measures (Ta-
ble 4). Differences in the rates of significant runny nose and
significant cough were present during the first 4 d of the
illness. The most significant difference between the two
groups was in the rate of significant runny nose on day 4
(50.9% in those with viral URI and 9.5% in those with no
URI, p � 0.001). Although children with a viral URI were less
likely to have any headache or significant headache on day 1
than those with no URI (p � 0.035 and 0.048, respectively),
parents of 14 children (age, 2.2–5.2 y) indicated they could not
tell whether their child had this symptom. Two parents did not
respond to this item on the symptom log, leading to missing
headache data in 14.8% of study children. Similarly, 13
parents (12.3%) indicated they could not tell whether their
child had a scratchy throat (or sore throat) on day 2. Because

of the amount of missing data, neither headache nor scratchy
throat was considered as candidate symptom measures.

All candidate variables were entered into stepwise forward
logistic analysis; the following symptom measures were in-
cluded in the final model: significant runny nose, day 1;
significant cough, day 4; significant runny nose, day 4; and
any fever, day 3. Based on these symptoms, three models for
a URI symptom score were developed. For each model, a
score was derived by assigning one point for the presence of
each symptom included in the measure. ROC analysis was
then used to determine the cut-off score that maximized the
accuracy of the model. The properties of each model as a URI
symptom score are summarized in Table 5. Model 1 included
only the symptom measures included in the final forward
regression analysis. For model 2, in which the “sensibility” of
the prediction rule was improved, symptom measures for
significant cough on days 1–3, significant runny nose on days
2 and 3, and any fever on days 1–2 and day 4 were included.
Using systematic removal of different measures, the inclusion

Table 4. Rates of the presence of symptoms in children with, and without, a viral URI

Symptom
Percentage in children with

viral URI
Percentage in children without

viral URI P N*

Any sneezing day 1 66.1 45.7 0.03 108
Any sneezing day 4 48.3 27.5 0.04 98
Significant runny nose day 1 38.7 23.9 0.10 108
Significant runny nose day 2 47.5 28.9 0.05 106
Significant runny nose day 3 41.0 23.3 0.06 104
Significant runny nose day 4 50.9 9.5 �0.001 101
Any runny nose day 3 88.5 79.1 0.19 104
Any runny nose day 4 86.4 61.9 0.004 101
Significant cough day 1 30.7 19.6 0.19 108
Significant cough day 2 41.0 22.2 0.04 106
Significant cough day 3 37.7 18.6 0.04 104
Significant cough day 4 39.0 18.6 0.02 101
Significant nasal congestion day 3 59.0 34.9 0.02 104
Significant nasal congestion day 4 44.1 28.6 0.11 101
Any scratchy throat day 2 38.9 25.6 0.18 93
Any fever day 3 24.6 11.6 0.10 104
Any chilliness day 3 16.1 7.0 0.17 99
Any headache day1 11.8 29.3 0.04 92
Significant headache day 1 2.0 12.2 0.05 92
Significant hoarseness day 2 13.6 4.4 0.12 104
Significant hoarseness day 3 15.5 4.7 0.08 101

* Number of children with data for the symptom measure and excluding those for whom no data were available for that day, those whose parents did not rate
the severity of the symptom, or whose parents indicated “can’t tell” for the severity of the symptom.

Table 5. Diagnostic properties of different models for a URI symptom score to differentiate symptomatic children in whom a respiratory
virus was identified from those in whom no viral etiology was detected

Model
Sensitivity
(95% CI)

Specificity
(95% CI)

Accuracy
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Cut-off
value*

Model 1† 86.4 (75.0–94.0) 50.0 (34.2–65.8) 71.3 (61.4–79.9) 70.8 (58.9–81.0) 72.4 (52.8–87.3) 1
Model 2‡ 73.2 (59.7–84.2) 56.1 (39.7–71.5) 66.0 (55.7–75.3) 69.5 (56.1–80.8) 60.5 (43.4–76.0) 3
Model 3§ 81.4 (69.1–90.3) 61.9 (45.6–76.4) 73.3 (63.5–81.6) 75.0 (62.6–85.0) 70.3 (53.0–84.1) 2
Model 4� 94.3 (80.8–99.3) 16.7 (5.6–34,7) 58.4 (45.6–70.6) 56.9 (43.2–69.8) 71.4 (29.0–96.3) 14

* One point was given for the presence of each symptom measure present and points summed for each child. The cut-off value was the score that best
differentiated children with and without a viral URI.

† Model 1 included the following symptom measures: significant runny nose day 1, significant runny nose day 4, significant cough day 4, and any fever day 3.
‡ Model 2 included the following symptom measures: significant runny nose days 1–4, significant cough days 1–4, and any fever days 1–4.
§ Model 3 included the following symptom measures: significant runny nose days 1–4 and significant cough days 1–4.
� Model 4 is based on the sum of the severity (rated 0–3) for the following symptoms for 6 days: sneezing, headache, chilliness, malaise, runny nose, nasal

congestion, cough, and sore throat (Jackson score) 8.
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of any or all the fever symptom measures tended to decrease
the precision of the prediction rule. Model 3, which included
the symptom measures of significant runny nose on days 1–4
and significant cough on days 1–4, was the most accurate
model for differentiating children with a viral URI from those
with no URI and was chosen as the final URI symptom score.
Model 4 was based on the Jackson score. However, because
many parents responded “can’t tell” for severity of certain
symptoms, the score was calculated on only 65 children.

The overall sensitivity of the final URI symptom score was
81.4%, the specificity was 61.9%, and the accuracy was
73.3%. The sensitivity of the URI symptom score for viral
URIs caused by rhinovirus was 76.7% (95% CI: 57.7–90.0%)
and 86.2% (95% CI: 68.3–96.1%) for those caused by other
viruses (p � 0.35).

DISCUSSION

In this study, nasal samples from children with clinical
colds were collected to detect common respiratory viruses
associated with viral URIs in pediatric patients. PCR tech-
niques were used to identify viruses, a technique more sensi-
tive than other detection or culture methods (6,7). Because
children may have prolonged shedding with some respiratory
viruses, particularly rhinovirus, in the absence of symptoms
(21,22), we collected specimens on study participants both
when they were well and when they were symptomatic. A
child was classified as having a viral URI when either a new
virus was isolated or a significant increase in viral load of a
previously identified virus was detected in the presence of
acute symptoms. With these techniques, we identified a virus
in 57.4% of children whose parents thought their child was
developing a cold and had at least one respiratory symptom.

Although it may seem surprising that a viral etiology was
not identified in �40% of children with cold symptoms using
the most sensitive molecular techniques currently available,
the definition of a “cold” is actually somewhat nebulous (9). In
one study of 215 adults who reported they were developing a
cold, only 54% had at least one respiratory symptom and only
17% met Jackson criteria for a cold (23). Thus, the use of a
“clinical cold” as the entry criterion for clinical trials on the
efficacy of a potential viral URI treatment includes partici-
pants with heterogeneous clinical conditions and may bias
findings toward the null if the therapy being tested is specif-
ically acting by an antiviral mechanism. If a symptom scoring
system could more reliably predict a viral URI, analysis of
data from clinical studies could be conducted to assess efficacy
in the subset of patients with a probable viral etiology. This
approach would have the benefit of decreasing heterogeneity
of the sample and eliminating the need for expensive labora-
tory testing to confirm viral etiology in clinical studies.

Viral URIs may be more difficult to identify in young
children, who cannot articulate the presence of many symp-
toms. In our study, greater than 10% of parents indicated they
could not tell whether their child had a headache or sore
throat, both components of the Jackson score for defining a
cold (8). Furthermore, the diagnostic properties in patients in
whom the Jackson score could be calculated were not as good

as our URI symptom score. This confirms our assertion that
the Jackson score is not appropriate for clinical trials in
children, and a new symptom scoring system is needed to
identify viral URIs in pediatric patients.

With the use of our prediction rule, the PPV for identifying
a child with a documented viral URI (75%) was similar to that
found in other studies in both pediatric patients and adults
using a variety of detection methods (6,24,25). In these pre-
vious studies, the estimated PPV may actually have been
somewhat inflated because there was no baseline viral screen-
ing. Thus, in prior studies, a proportion of the viruses detected
could potentially be related to prolonged shedding rather than
as the cause of symptoms (26). In our study, 8.7% of viruses
detected during an acute episode had been present at baseline
without a significant increase in viral load.

Some study children may have been infected by a virus that
is yet to be discovered leading to a false-negative test. It is also
possible that some false-negative test results were caused by
the technique used to obtain nasal secretions, although every
effort was made to collect a proper sample. We may have
detected more viruses if both culture and PCR testing had
been used, although the sensitivity of PCR is known to exceed
that of culture in most studies. For example, in one study, PCR
tests consistently and substantially increased detection of mul-
tiple respiratory viruses compared with culture, and, in our
laboratory, the use of PCR detected at least one respiratory
virus in 53.4% of subjects compared with 38.3% who had
virus detected by the use of direct immunofluorescence (7,27).

One limitation of this study is that the diagnostic utility of
our URI symptom score may be different in another popula-
tion of children (28). It is also possible that the utility of the
symptom score would be different at another time when the
distribution of circulating respiratory viruses is different. Sub-
sequent investigation is needed to validate the URI symptom
score that we developed. However, we purposefully incorpo-
rated a number of features into the development of the score
that were designed to maximize its generalizability. First,
rather than including symptom measures based solely on a
statistical analysis, we modified the URI symptom score to
have clinical “sensibility.” The precision of the URI symptom
score could have been increased in this particular population
by weighting some symptoms (29). We chose the more con-
servative approach of giving equal weight to relevant symptoms
to minimize the effects of statistical quirks of the data set. Finally,
we only included symptom measures for which �90% of parents
could adequately rate severity. Because measures included in the
URI symptom score (significant runny nose and cough) are
intuitively important, it is more likely that the score will perform
similarly in other children than if a more complicated prediction
rule had been developed.

The results of this study indicate that parental perception of
a child developing a cold and the presence of respiratory
symptoms is a moderately accurate predictor of a viral URI; a
respiratory virus was detected in 57.4% of children who met
these criteria. Predicting which child has a viral URI was
substantially increased by using our URI symptom score. The
use of this symptom score as an analytic criterion for children
enrolled in trials of remedies to treat and/or prevent viral URIs
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should increase the chance of detecting the efficacy of study
interventions in the future.
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