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Background:  The  inflammatory  chemokine,  interferon-gamma  inducible  protein  of  10  kDa (IP-10),  is  a
biomarker  associated  with  several  conditions.
Objectives:  This  study  investigated  serum  concentrations  of  IP-10 in healthy  individuals  who  developed
acute  respiratory  infection  (ARI).  The  hypothesis  is that  serum  IP-10  concentrations  correlate  with  ARI
severity  and  detection  of viral  pathogens.
Study  design:  Data  come  from  a randomized  controlled  trial  measuring  the  effects  of  mindfulness  medi-
tation  or  exercise  on  ARI (Clinical  Trials  ID:  NCT01654289).  Healthy  adults  ages  30–69  were followed  for
a  single  season  for ARI  incidence  and  severity.  This  trial  is  ongoing,  and  the  investigators  are  still  blinded.
When  a participant  reported  ARI  symptoms,  nasal  swab  and lavage  for PCR-based  viral  identification  and
blood  samples  were  collected  within  the  first 72  h  of ARI  symptoms.  Serum  IP-10  concentrations  were
measured  by  ELISA  (R&D  Systems,  Inc.,  Quantikine  ELISA,  Minneapolis,  MN).  ARI  severity  was  measured
using the  validated  Wisconsin  Upper  Respiratory  Symptom  Survey  (WURSS-24)  until  the  ARI  episode
resolved.
Results:  Serum  IP-10  concentrations  from  225  ARI episodes  correlated  with  ARI  global  severity  (rho  0.28
[95% CI:  0.15–0.39];  p  <  0.001). IP-10  concentrations  were  higher  with  an  ARI in  which  a viral  pathogen  was

detected  compared  to no viral  pathogen  detected  (median  366  pg/ml  [IQR:  227–486]  vs 163  pg/ml  [IQR:
127–295],  p < 0.0001).  Influenza  infections  had  higher  IP-10  concentrations  than  coronavirus,  enterovirus
or  rhinovirus,  and  paramyxovirus.
Conclusion:  Serum  IP-10  concentration  correlates  with  ARI  global  severity.  Also,  IP-10  concentration
measured  early  in  the course  of  the  ARI  correlates  with  the  daily  severity,  duration,  and  illness  symptoms.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Background

The inflammatory chemokine interferon-gamma inducible pro-
ein of 10 kDa (IP-10), also known as C-X-C motif chemokine ligand
0 (CXCL10), is a biomarker associated with obesity, insulin resis-
ance, atherosclerosis, paraneoplastic neurologic disorders, and
nfections [1–6]. This ligand of chemokine C-X-C motif receptor 3
CXCR3) found on T lymphocytes (Th1), natural killer (NK) cells and

osinophils is encoded by the CXCL10 gene on chromosome 4 at
and q21, and is secreted by monocytes, endothelial cells, adipose
issue, and fibroblasts [4,7–10]. IP-10 plays a role in angiogenesis
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inhibition, cell chemotaxis, regulation of cell growth and prolif-
eration, and apoptosis [11–15]. Infections associated with IP-10
include those caused by parasites, viruses, bacteria and fungi [3].
IP-10 production is associated with both protection from and facil-
itation of infection. Recent reports have indicated increased levels
of IP-10 occur with acute respiratory infections (ARIs) and suggest
a biomarker role for IP-10 [16–19].

2. Objectives

The present study investigated serum concentrations of IP-10 in
otherwise healthy patients who  developed ARIs in order to further

ascertain a link between ARI and IP-10 concentrations. The devel-
opment of a biomarker for virally-mediated ARIs could potentially
lead to a methodology to point to infection etiology and severity in
order to formulate a treatment plan. Based on previous studies, the
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http://www.elsevier.com/locate/jcv
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcv.2017.03.003&domain=pdf
mailto:mary.hayney@wisc.edu
dx.doi.org/10.1016/j.jcv.2017.03.003


f Clinic

h
s
c
b
c
i
i

3

3

e
s
w
h
c
i
S
t
a
i
A
v
w
R

3

i
s
t
t
t
E
M
p
d
A
t
n
P
s
s
c
i
fi
c
a
n
p

3

c
p
t
m
o
l
s
J
f

M.S. Hayney et al. / Journal o

ypothesis is that serum IP-10 concentrations correlate with ARI
everity and durations in otherwise healthy individuals. Also, we
onsidered that the detection of virus in nasal specimens would
e associated with IP-10 concentration obtained early in the ARI
ourse. This could potentially be helpful, as there are few if any clin-
cally useful markers of mild to moderate severity acute respiratory
nfection.

. Study design

.1. Participants

Data come from a randomized controlled trial measuring the
ffects of mindfulness meditation or exercise on the incidence and
everity of ARI (Clinical Trials ID: NCT01654289). Study participants
ere community-recruited adults ages 30–69, who  were generally
ealthy and who reported getting at least one cold per year. Three
ohorts of 99, 105, and 104 healthy individuals who gave written
nformed consent over three seasons were enrolled in August and
eptember and were followed until May. The trial is ongoing, and
he investigators are still blinded. IP-10 concentrations used in this
nalysis were measured at study entry before randomization of
ntervention occurred and within the first 72 h following onset of
RI. It is still unknown if or how the meditation or exercise inter-
entions could influence IP-10 measurements. The study protocol
as approved by the University of Wisconsin-Madison Institutional
eview Board for Human Subjects Research.

.2. Viral identification and IP-10 concentrations

Each participant had blood drawn at study entry. When a partic-
pant reported ARI symptoms equaling 2 or greater on the Jackson
cale, samples were collected within the first 72 h of onset of symp-
oms. Blood samples were collected using standard venipuncture
echniques, and the serum was frozen at −80 ◦C. IP-10 concen-
rations were measured in picograms per milliliter (pg/ml) using
LISA, according to manufacturer’s protocol (R and D Systems,
inneapolis, MN). The assay range is 7.8–500 pg/ml, and sam-

les with concentrations greater than the highest standard were
iluted as directed by the manufacturer’s protocol and remeasured.
t the time that the participant contacted the study coordinators

o report an ARI, the participant performed a nasal self-swab. A
asal lavage was done at the time of the blood draw. Multiplex
CR was used to detect and identify respiratory viruses in nasal
wab and wash samples. Over 100 rhinovirus serotypes, as well as
erotypes of influenza, parainfluenza, coronavirus, respiratory syn-
ytial virus, adenovirus, enterovirus, and metapneumovirus can be
dentified. Overall sensitivity is estimated at 94%, with 99% speci-
city [20]. Viruses detected in either nasal swab or lavage were
onsidered positive. Viruses were grouped by type for analysis:
denovirus and bocavirus, coronaviruses, enterovirus and rhi-
ovirus, influenza viruses, paramyxoviruses (metapneumovirus,
arainfluenza viruses, and respiratory syncytial viruses).

.3. ARI definition and monitoring

After providing written informed consent, participants were
ontacted every week using a web-based surveillance system to
rompt self-reported ARI episodes. The Jackson criteria were used
o define the beginning of an ARI episode; three criteria had to be

et: (1) Answer “Yes” to either “Do you think you have a cold?”
r “Do you think you are coming down with a cold?;” (2) Report at

east one of four cold symptoms: Nasal discharge, nasal obstruction,
neezing, or sore throat; AND (3) Score at least two points on the
ackson scale. The Jackson score is calculated by summing scores
or eight symptoms: sneezing, headache, malaise, chilliness, nasal
al Virology 90 (2017) 32–37 33

discharge, nasal obstruction, sore throat and cough. Each symp-
tom is rated 0, 1, 2, or 3; from absent to severe [21]. Data about
symptom severity and quality of life impact were collected daily
using the validated Wisconsin Upper Respiratory Symptom Survey
(WURSS-24) until the ARI episode resolved [22,23]. The daily sever-
ity score is calculated by adding the WURSS items for that day. To
calculate area under the curve (WURSS AUC) for ARI global severity,
the sum of WURSS totals across all daily time points of the illness
episode was  used, and trapezoidal approximation was then applied
[24,25]. WURSS can be divided into three categories of symptoms:
nasal, throat, and quality of life (QoL) symptoms [25,26].

To assess the relationship between the ARI illness outcomes and
IP-10, Spearman correlations were computed. Fisher’s z transfor-
mation was used to compute 95% confident intervals (CI) around
the correlations. Wilcoxon scores were computed and used in the
Kruskal–Wallis test to compare continuous variables by groupings
(e.g. ARI global severity between participants with corresponding
IP-10 measurements versus those without IP-10 measurements at
time of ARI). Generalized linear regression modeling techniques
were used to assess the relationship between ARI outcomes and
IP-10 after adjusting for baseline covariates (age, sex, and body
mass index (BMI)); repeated measures modeling was used to
account for the correlation between observations within a par-
ticipant for those who had more than one ARI. Generalized linear
regression modeling techniques with repeated measures correla-
tions were also used to compute LSMeans comparisons between
the viral infection categories using the Tukey adjustment for mul-
tiple comparisons. ARI global severity, ARI duration, and IP-10
are highly skewed measurements; we transformed these mea-
surements on the log base10 scale before running the regression
models. Observed measurements for these data are presented
as medians and interquartile ranges (IQR). For the change from
baseline models with log base 10 transformed outcome variables,
change was  calculated as log10(ARI at later time point/ARI at base-
line). The beta can be interpreted as a percentage change in the
outcome (e.g. ARI global severity) for every unit increase in the pre-
dictor variable (e.g. IP-10). All statistical analyses were run using
SAS 9.3.

4. Results

Of the 308 individuals enrolled in the study, 181 participants
experienced 284 ARI episodes. We were unable to measure IP-
10 levels during 59 of the ARI episodes due to challenges getting
samples within 72 h of onset of symptoms, as required by proto-
col (Fig. 1). Thus, we  were able to collect serum samples for IP-10
concentration during 225 ARI episodes that occurred in 157 indi-
viduals (Table 1). Characteristics of these 225 ARI episodes with
corresponding IP-10 collection can be also be found in Table 1. There
were no statistically significant differences in ARI global severity or
ARI duration between the ARI episodes where IP-10 was  collected
as compared to the ARI episodes where IP-10 was  not collected.
In addition, we  were unable to collect IP-10 on the same day as
the WURSS symptom scores for five ARIs (n = 220 for same day
symptom level analyses).

Serum IP-10 at baseline correlates with age (rho = 0.31 [95%
confidence interval (95% CI): 0.16–0.44]; p < 0.0001) and BMI
(rho = 0.37 [95% CI: 0.22–0.49]; p < 0.0001). While men  had lower
IP-10 than women  at baseline (median = 138 (IQR: 109–183) vs
median = 154 (123–199), respectively), these differences were not
statistically significant (p = 0.27).
Serum IP-10 correlated with ARI severity, duration, and symp-
toms (Fig. 2). An ARI induced an increase in IP-10 over baseline
almost 80% of the time with serum IP-10 increasing from base-
line (median: 152 pg/ml [IQR: 119–192]) to ARI (median: 295 pg/ml
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Table 1
Demographics and ARI characteristics.

Number of participants with ARI 157
Total number of ARIs with data 225
Number of ARIs (per participant), median [IQR] 1 [1–2]
ARI duration (days), median [IQR] 6.4 [4.3–10.5]
ARI global severity (WURSS AUC), median [IQR] 171.5 [85.5–356.5]
ARI daily severity, median [IQR] 44 [22–64]
Nasal symptoms, median [IQR] 7 [3–12]
Throat symptoms, median [IQR] 5 [2–10]
QoL symptoms, median [IQR] 8 [3–11.5]
IP-10 at baseline (pg/ml), median [IQR] 152 [119–195]
IP-10 at time of ARI (pg/ml), median [IQR] 295 [172–433]
Age (years), mean (SD) 48.1 (11.5)
BMI  (kg/m2), mean (SD) 29.4 (7.8)
Male, sex, n (%) 35 (22%)
Smoking history, n (%)

Never smoked 114 (73%)
Past smoker 38 (24%)
Current smoker 5 (3%)

Race, n (%)
Black/African American 6 (4%)
White/Caucasian 139 (89%)
Asian 3 (2%)
Mixed race 7 (4%)
Other 1 (1%)

Education, n (%)
Through high school grad/GED 3 (2%)
Some college/technical school 30 (19%)
College graduate 190 (85%)

Employment, n (%)
Full-time 98 (62%)
Part-time 32 (20%)
Unemployed 10 (6%)
Student 3 (2%)
Retired 14 (9%)

Seattle index of comorbidity, mean (SD) 2.3 (2.3)
SF12 physical composite score, mean (SD) 50.7 (9.3)
SF12 mental composite score, mean (SD) 49.4 (9.3)

F
u

Fig. 1. Consort diagram.

IQR: 172–433]; p < 0.0001). While baseline IP-10 did not correlate
ith ARI outcomes, both ARI IP-10 and change in IP-10 correlated
ith all of the ARI outcomes (Table 2). ARI IP-10 correlates sig-
ificantly with ARI global severity (rho = 0.28 [95% CI: 0.15–0.39];

 < 0.001) and duration (rho = 0.14 [95% CI: 0.01–0.27]; p = 0.03)
Fig. 2). After adjusting for age, sex, and BMI, for every unit increase
n log-based 10 IP-10, there was an increase in log 10 ARI global
everity of 0.50 (95% CI: 0.28–0.72) (Table 3). This implies that an
P-10 concentration of 100 pg/ml predicted a 50 unit (95% CI: 44–67
nits) increase in ARI global severity. For every 10% increase in IP-
0 from baseline, there was a 1.8% increase in ARI global severity
95% CI: 0.9–2.7%).

IP-10 with ARI correlates with the ARI severity on day of serum
ollection in the expected positive direction both for the daily
everity score (rho = 0.34 [95% CI: 0.22–0.45], p < 0.0001) and for
ach group of symptoms: nasal (rho = 0.29 [95% CI: 0.16–0.40]),
hroat (rho = 0.31 [95% CI: 0.18–0.42]), and quality of life (rho = 0.24

95% CI: 0.11–0.36]) (Table 2). These relationships remain after
djusting for age, gender, and BMI  (Table 3).

Finally, serum IP-10 concentrations are higher in individ-
als with an ARI in which a viral pathogen was  detected

ig. 2. Serum IP-10 correlates with ARI severity and duration. Serum IP-10 correlates with
sing  the WURSS area under the curve (WURSS AUC). IP-10 also correlates with ARI dura
ARI = acute respiratory infection, QoL = quality of life, IQR = interquartile range,
SD = standard deviation.

(median = 366 pg/ml [IQR: 227–486]) compared to those in which
no pathogen was  identified in nasal specimens (median = 163 pg/ml
[IQR: 127–295]; p < 0.0001) (Table 4). While nasal symptoms were
more prominent in those with a virus identified compared to
those in which no virus was found (median = 5 [IQR: 2–9] vs 2
[IQR: 2–9], p = 0.001). Among those with only one identified viral
pathogen, influenza infections had higher IP-10 concentrations
(median = 802 pg/ml [IQR: 430–1079]), compared to coronavirus
(median = 322 pg/ml [IQR: 254–429], p = 0.0003), enterovirus or
rhinovirus (median = 311 pg/ml [IQR: 204–448], p < 0.0001), and
paramyxoviruses (median = 379 pg/ml [IQR: 200–778], p = 0.03)

(Fig. 3). We  also compared the ARI global severity among those
with a single virus identified in their nasal specimens. Those
with coronavirus infection had the lowest ARI global severity
(median = 149 pg/ml [IQR: 72–230]), while those with paramyx-

 ARI global severity (Spearman rho = 0.28 (95% CI: 0.15–0.39); p < 0.001) as measured
tion days (Spearman rho = 0.14 [95% CI: 0.01–0.27]; p = 0.03).
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Table  2
IP-10 correlates with ARI severity, duration, and symptoms.

ARI outcome Baseline IP-10
(pg/ml)
Spearman rho (95%
CI) [p value]

ARI IP-10 (pg/ml)
Spearman rho (95%
CI) [p value]

Change from
baseline in IP-10
(pg/ml)
Spearman rho (95%
CI) [p value]

ARI global severity (WURSS AUC) 0.06 (−0.08–0.18)
[0.41]

0.28 (0.15–0.39)
[<0.0001]

0.29 (0.16–0.40)
[<0.0001]

ARI  duration (days) 0.09 (−0.04–0.22)
[0.17]

0.14 (0.01–0.27)
[0.03]

0.12 (−0.00–0.26)
[0.05]

ARI daily severitya −0.02 (−0.15–0.11)
[0.74]

0.34 (0.22–0.45)
[<0.0001]

0.35 (0.23–0.46)
[<0.0001]

Nasal  symptomsa −0.06 (−0.19–0.08)
[0.41]

0.29 (0.16–0.40)
[<0.0001]

0.31 (0.19–0.42)
[<0.0001]

Throat  symptomsa 0.04 (−0.09–0.18)
[0.51]

0.31 (0.18–0.42)
[<0.0001]

0.29 (0.17–0.41)
[<0.0001]

QoL  symptomsa −0.05 (−0.19–0.08)
[0.42]

0.24 (0.11–0.36)
[<0.0001]

0.25 (0.12–0.37)
[<0.0001]

a Observed on the day of the IP-10 blood draw.

Table 3
Modeling results for ARI IP-10a predicting ARI outcomes after adjusting for covariates.b

ARI outcome Modeling results Predicted effect on ARI outcome at various ARI
IP-10 (pg/ml) values (after adjusting for age,
gender, and BMI)

Beta SE 95% CI p-Value 100 377 500 1000

ARI global severitya (WURSS AUC) 0.50 0.11 0.28–0.72 <0.0001 50 190 252 503
ARI  durationa (days) 0.13 0.07 −0.02 to 0.26 0.08 13 48 63 127
ARI  daily severityc 34.5 6.4 22.0–46.9 <0.0001 69 89 93 103
Nasal  symptomsc 4.76 1.12 2.59–6.94 <0.0001 9.5 12.3 12.9 14.3
Throat  symptomsc 5.21 1.05 3.17–7.25 <0.0001 10.4 13.4 14.1 15.6
QoL  symptomsc 4.98 1.15 2.75–7.22 <0.0001 10.0 12.8 13.5 15.0

a As modeled using log-based 10 transformation.
b All models include the following covariates: age, gender, and BMI at baseline.
c Observed on the day of the IP-10 blood draw.

Table 4
Acute respiratory infection characteristics and viral identification.

Virus identification N (%) ARI IP-10 (pg/ml) ARI global severity (WURSS AUC)
Median (IQR) Median (IQR)

Not Identified 74 (33%) 163 (127–295) 154 (79–290)
Present: 151 (67%) 366 (227–486) 189 (88–366)

Adenovirus or bocavirus 1 (0.7%) 135 1067
Coronavirus 30 (20%) 322 (254–429) 149 (72–230)
Enterovirus or rhinovirus 75 (50%) 311 (204–448) 166 (70–331)
Influenza virus 18 (12%) 802 (430–1079) 277 (81–548)
Paramyxovirus 19 (13%) 379 (200–778) 402 (171–804)
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More  than one virus identified 8 (5%) 

RI = acute respiratory infection.

viruses had the highest ARI global severity (median = 402 pg/ml
IQR: 159–385], p = 0.01). Those with enterovirus or rhinovirus
nfection also had lower ARI global severity (median = 166 pg/ml
IQR: 70–331]) than those with paramyxoviruses (p = 0.008).

. Discussion

This paper presents some evidence that IP-10 concentration
arly during the ARI may  serve as a useful predictor of ARI outcome,
ncluding severity and duration in healthy adults. The concentra-
ion of IP-10 appears to correlate with symptom severity and hence
ould serve as a useful marker or predictor of ARI illness severity.

P-10 correlates with symptoms on the day that it is measured, and
ppears to predict subsequent severity and duration. It appears to
orrelate with all three groups of symptoms used to measure ARI
everity as expected from a potential biomarker in serum [25,26].
343 (235–725) 292 (159–385)

In the context of a clinical study, such as the one reported here,
participants also have baseline IP-10 concentrations measured at
study entry, a time when they are not sick. We show that the
change in IP-10 concentration at ARI over baseline also correlates
with ARI severity and duration. This finding confirms that the IP-10
concentrations increase with ARI illness. For example, IP-10 could
potentially be helpful with risk-stratification, with refining the dif-
ferential diagnosis, or even possibly with clinical decision-making,
such as whether to initiate antiviral treatment. Future work would
be needed to formally test these possibilities.

Serum IP-10 correlates with detection of virus in nasal spec-
imens obtained within the first 72 h of symptoms. Parallel
correlations exist in that influenza and paramyxovirus infections
are associated with higher IP-10 concentrations and greater ARI

severity, as measured by WURSS AUC, compared to infections
caused by coronaviruses, enteroviruses, and rhinoviruses. Our
results are consistent with the findings from another laboratory
that found higher IP-10 concentrations in bronchoalveolar lavage
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Fig. 3. IP-10 concentration varies with virus identified in ARI. If a virus was identi-
fied, the IP-10 concentration (median = 366 pg/ml [IQR: 227–486]) was  much higher
compared to those ARI when no virus was identified (median = 163 pg/ml [IQR:
127–295]; p < 0.0001). Among those with a single identified viral pathogen, influenza
infections had higher IP-10 concentrations (median = 802 pg/ml [IQR: 430–1079]),
compared to coronavirus (median = 322 pg/ml [IQR: 254–429]; p = 0.0003),
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nterovirus or rhinovirus (median = 311 pg/ml [IQR 204–448]; p < 0.0001), or
aramyxoviruses (median = 379 pg/ml [IQR: 200–778]; p = 0.03). The boxes repre-
ent the 25th and 75th percentile and the whiskers are the 5th and 95th percentile.

amples in which a virus was identified [17]. However, the patients
n that study were much sicker as all were hospitalized and under-

ent bronchoscopy for diagnosis of their lower respiratory tract
nfection.

Few serum biomarkers of ARI have been identified. In fact, for
ll-cause community-acquired ARI illness, no reliable predictor
f severity or duration exists [27]. Our group previously found a
ositive correlation between interleukin-8 concentrations in nasal
ash and severity and duration of ARI nasal symptoms, including

unny nose, plugged nose, and sneezing [25]. In contrast, serum
rocalcitonin is not a useful marker for ARI [28]. Other research
roups have reported that nasal IP-10 is correlated with ARI, pri-
arily among people with underlying illness [29–31]. ARIs caused

y parainfluenza virus in adults with severe multiple disabilities
ad an almost 9 fold increase in the serum concentration of IP-10
uring the acute phase of the infection [16]. Additionally, in other
opulations with underlying illnesses, such as asthma or COPD,

P-10 concentrations measured in serum [16,32–34] or nasal [31]
amples or IP-10 gene expression [19,35] again correlated with
cute respiratory infections leading to exacerbations. Although IP-
0 concentrations are higher in smokers with COPD but not in
mokers generally [36], the number of smokers in our cohort is
mall and hence unlikely to influence IP-10 concentrations. How-
ver, we also analyzed change in IP-10 with ARI and got the same
esults. Although the correlations are relatively modest, our study
esults show that serum IP-10 is a potentially useful marker for ARI
everity and trends with ARI duration in this healthy population.

Although IP-10 is elevated with influenza infections compared
o controls, IP-10 has not been shown to be useful for identifying
evere influenza infections [37]. Although large increases in IP-10
oncentrations were observed with parainfluenza infections, no
orrelations with clinical severity of infection were apparent [16].
n contrast, we found that IP-10 concentrations correlate with ARI
ymptoms on the day measured early in the course of the infection,
s well as with severity and duration of ARI in a cohort of healthy
ndividuals.

The ARI episodes in these healthy individuals were mild to

oderate in severity. These were community-recruited female-

redominated participants who are primarily white, well-educated
nd agreed to be monitored for a cold-and-flu season. The vast
ajority of illness episodes were not severe enough to prompt

[

al Virology 90 (2017) 32–37

clinical evaluation. A sample collected from people presenting to
clinic would likely demonstrate somewhat higher severity and
biomarker values, which might influence the relationships reported
here [38,39]. The nasal specimens in which no virus was  detected
are certainly not always without viral or infectious cause. There are
several reasons why  we did not identify virus in someone sick with
what appears to be an ARI: (1) we  did not test for the virus caus-
ing the infection; (2) the symptoms are associated with an allergic
response or other inflammatory reaction; (3) the infection is of
bacterial [40] or fungal etiology; (4) the symptoms are caused by
chemical irritation; (5) the symptoms are psychosomatic.

Our study results provide evidence that IP-10 is a biomarker for
ARI severity in healthy adults. Serum IP-10 concentration correlates
with ARI severity, as measured by WURSS, on the day that it is
measured. Also, IP-10 concentration measured early in the course of
the ARI correlates with both the severity and trends with duration
of the illness.
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