Validation of the Nasal Mucus Index, a novel measurement
of acute respiratory infection severity
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ABSTRACT

Background: To assess the concurrent and predictive validity of the Nasal Mucus Index (NMI), a novel measurement of acute respiratory infection (ARI)
severity.

Objective: ARI, including the common cold and influenza, imposes a great burden on individuals and society. Previous research has attempted to assess
the severity of ARI with self-reported and laboratory-based measurements. Self-reported measurements may introduce bias. Laboratory-based metrics are often
expensive. Therefore, there is a need for non—self-reported, affordable, and validated ARI severity tests.

Methods: Participants (N = 719) with an ARI episode underwent nasal lavage on days 1 and 3. The samples were visually assessed for the amount of mucus
present in the sample and were given a subsequent NMI score. Collected samples were further assessed for interleukin (IL) 8 values (in pg/mL) and
polymorphonuclear neutrophils (PMN) per high-power field. The participants rated episode severity and nasal symptoms daily by using the validated
Wisconsin Upper Respiratory Symptom Survey-21 (WURSS-21). A subset of nasal symptoms was used as an additional comparator. NMI scores were
compared with same-day IL-8 level, PMN count, and WURSS-21 scores for concurrent validation purposes by using the Spearman p as the index of correlation.
NMI scores were correlated with overall episode severity measurements to assess predictive validity. Overall episode severity was measured as the WURSS-21
area under the curve, nasal symptoms area under the curve, and episode duration.

Results: The NMI score correlated significantly with the same-day IL-8 level (p = 0.443, p < 0.001), PMN count (p = 0.498, p < 0.001), WURSS-21
score (p = 0.098, p = 0.004), and nasal symptom score (p = 0.162, p < 0.001). No significant predictive correlations were found.

Conclusion: Associations with inflammatory biomarkers and self-reported severity measurements provided evidence of concurrent validity for the novel
NMI score. The NMI can be used in future research as a simple, inexpensive, non—self-reported indicator of ARI severity.

(Am J Rhinol Allergy 30, 324-328, 2016; doi: 10.2500/ajra.2016.30.4337)

Acute respiratory infection (ARI), including the common cold and

influenza, imposes a great burden on individuals and society.!
Previous studies used a number of subjective (self-reported) and
objective (laboratory-based) assessment methods when attempting to
quantify ARI severity. Self-reported measurements can assess out-
comes that are important to patients but that may be biased because
they potentially reflect differences in assessment and reporting be-
haviors as well as actual symptomatology.? Use of objective measure-
ments, such as nasal interleukin (IL) 8 level or nasal polymorphonu-
clear neutrophils (PMN) counts, helps avoid reporting bias. The
downsides of existing objective measurements are that they can be
costly and do not always reflect outcomes important to patients.
Therefore, there is a need for non-self-reported, affordable, and val-
idated ARI severity assessment methods.

In a response to this need, researchers at the Wisconsin State
Laboratory of Hygiene developed a relatively inexpensive and easy-
to-administer scale, known as the Nasal Mucus Index (NMI). Al-
though previously used in a moderately large randomized controlled
trial,> the NMI measurement has yet to be validated. The present
study tested the NMI for concurrent and predictive validity. For this
purpose, both objective and subjective measurements were chosen as

From the 'Department of Family Medicine, Utrecht University, the Netherlands,
2Section of Rheumatology, Department of Medicine, University of Wisconsin—
Madison, Madison, Wisconsin, 3Department of Statistics, University of Wisconsin—
Madison, Madison, Wisconsin, and *Department of Family Medicine and Community
Health, University of Wisconsin—Madison, Madison, Wisconsin

The trial generating the data used here was supported by the National Center for
Complementary and Alternative Medicine at the National Institutes of Health (grant
RO1AT001428; Clinical trial NCT00065715). B. Barrett is currently supported by a
career and mentoring grant from NCCAM (grant K24AT006543)

The authors have no conflicts of interest to declare pertaining to this article

Address correspondence to Bruce Barrett, M.D., Department of Family Medicine and
Community Health, University of Wisconsin School of Medicine and Public Health,
1100 Delaplaine Court, Madison WI 53715

E-mail address: Bruce.Barrett@fammed.wisc.edu

Copyright © 2016, OceanSide Publications, Inc., U.S.A.

324

the criterion tests. The objective criterion tests are IL-8 and PMN
measurements, both obtained from the same nasal wash samples
assessed for the NMI. The nasal IL-8 level and PMN count are
commonly used indicators of nasal inflammation.*

IL-8 is an established marker of inflammation in community-ac-
quired ARI episodes and correlates reasonably well with symptoms.>
Counting PMN in nasal mucus is also a relatively well-established
indicator of severity of ARI episodes.® The subjective criterion test
used is the Wisconsin Upper Respiratory Symptom Scale-21 (WURSS-
21). The WURSS-21 is a validated, illness-specific, self-reported in-
strument developed and validated for ARI assessment and monitor-
ing.” These comparative measurements were chosen because they are
widely accepted, reliable, and valid measurements of ARI severity. By
using these comparative measurements, this study assessed the con-
current and predictive validity of the NMI. No predictive validity for
assessing ARI severity was found. The assessments showed that the
NMI had substantial concurrent validity for assessing ARI severity.

METHODS

Participants and Study Design

The data for this study came from a moderately large (N = 719),
randomized controlled ARI trial that tested the effects of echinacea,
placebo, and physician-patient interaction.3#-10 This study was ap-
proved by the University of Wisconsin-Madison Health Sciences In-
stitutional Review Board, and informed consent was obtained from
all the subjects. All human research guidelines of the United States
Department of Health and Human Services and of the University of
Wisconsin were followed. Community-recruited participants pre-
sented with a new onset ARI, with symptoms that existed no longer
than 36 hours. ARI episodes were confirmed by a Jackson cold index
score of =2, which was calculated by summing eight symptom
scores, in which 0 = absent, 1 = mild, 2 = moderate, and 3 = severe.
The eight symptoms were the following: sneezing, headache, malaise,
chilliness, nasal discharge, nasal obstruction, sore throat, and cough.
When using the WURSS-21, participants self-rated symptoms and
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Table 1 Descriptive statistics of the various ARI severity variables*

Variable Mean Median Skewness Minimum Maximum
NMI score, 0-3 0.3 0.0 2.4 0.0 3.0
IL-8 level, pg/mL 1556 353 10.4 0.0 90,500
PMN count, neutrophils counted per 4 mm?* 76.2 17.5 5.1 0.0 1920
WURSS-21 daily score 402 36.5 0.7 0.0 133
Nasal symptoms daily, no. 7.9 8.0 0.3 0.0 21.0
WURSS-21 AUC 261 200 1.6 2.6 1402
Nasal symptoms AUC 47.2 40.3 13 0.0 204
Duration, days 6.7 6.3 0.4 0.2 13.6

ARI = Acute respiratory infection; NMI = nasal mucus index; IL = interleukin; PMN = polymorphonuclear neutrophil; WURSS-21 = Wisconsin Upper

Respiratory Symptom Survey, 21 item; AUC = area under the curve.

*Day 3 measurements were similar to day 1 measurements with the exception that day 3 measurements reported slightly higher acute respiratory infection

severity. Day 3 measurements had slightly higher ARI severity.

functional impact twice daily until their colds had resolved, to a
maximum of 14 days. Each WURSS-21 item assesses severity on a
seven-point Likert scale. Detailed methods and results are available
elsewhere 38-10

Objective ARI Monitoring

Nasal lavage was collected twice during the study, once at enroll-
ment (day 1), and then again 2 days later (day 3). The NMI test is
conducted by instilling a 5-mL aliquot of sterile isotonic medium into
each nostril, followed by expression into a sterile container. The
collected sample is transferred into a 15-mL conical centrifuge tube
and allowed to settle for 10 minutes, which allows the mucus to settle
to the bottom of the tube. The collected nasal sample is then visually
inspected and given a NMI score according to the following scale: 0,
a few gobs of mucus; 1, a third of the sample consists of mucus; 2,
two-thirds of the sample consists of mucus; or 3, the entire sample is
full of mucus. After being given a visual NMI score, the samples were
analyzed for neutrophil counts and sent for IL-8 assay. IL-8 concen-
trations were measured in pg/mL by enzyme-linked immunosorbent
assay by using previously described methods.!? For the PMN count,
the nasal wash samples were stained with acridine orange and then
visually assessed within 2 hours of sample acquisition, with cell
counts reported per high-power field, equivalent to 4 mm?.

Subjective ARI Monitoring

Self-reported ARI severity outcomes for this trial included aver-
aged daily WURSS-21 scores and episode duration. Day 1 and day 3
WURSS-21 scores were used to test concurrent validity of the NMIL
Day 1 and day 3 nasal symptom scores (runny nose, nasal obstruction,
and sneezing) were also extracted and combined to create the nasal
symptoms variable, which was also assessed for same-day NMI va-
lidity.

Besides these concurrent daily measurements, self-reported overall
episode severity measurements were assessed for predictive validity.
Overall episode severity was calculated as area under the curve
(AUCQ), with daily WURSS-21 scores as the y-axis and episode dura-
tion as the x-axis; trapezoidal approximation was used while creating
the WURSS-21 AUC variable. Similarly, the nasal symptom AUC
variable was calculated by using the sum of the WURSS-21 nasal
symptoms scores. Nasal symptom AUC was used because we hy-
pothesized that it would correlate more closely with nasal inflamma-
tion biomarkers than would the total WURSS-21 score, which in-
cludes throat and chest symptoms as well as self-assessments of
quality of life and function.”

Duration began at enrollment and continued through the last time
the participant answered “yes” to “Do you think you still have a
cold?” The date and time of filling out questionnaires was recorded,
which allowed duration to be quantified as a continuous measure-
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Figure 1. The Nasal Mucus Index (NMI) compared with nasal interleukin
(IL) 8 and polymorphonuclear neutrophils (PMN) allocation. Categories and
units: IL-8, each category represents 1000 pg/mL; PMN, each category
represents 100 neutrophils counted per 4 mm?; NMI, each category repre-
sents the categorical severity classification. Data represents day 3 measure-
ments. Day 3 measurements were similar to day 1 measurements. Day 3
measurements had slightly higher acute respiratory infection (ARI) severity
and, therefore, were chosen to display in this visual representation.

ment. To confirm that the illness had ended, this last “yes” had to be
followed by “no” for 2 consecutive days. We limited monitoring to a
maximum of 14 days to reduce potential bias from extended length
illnesses.

Statistical Analyses

To make the data more normally distributed, the highly skewed
IL-8 and PMN variables were log transformed. Concurrent validity
was assessed by Spearman correlations on both day 1 and day 3.
Specifically, the relationships between the NMI scores of that partic-
ular day were compared with the corresponding same-day criterion
tests (IL-8 level, PMN count, WURSS-21 score, nasal symptoms). The
predictive validity was assessed by Spearman correlations by assess-
ing the correlation between day 1 NMI scores and subsequent mea-
surements of ARI episode severity: episode duration, the WURSS-21
AUC, and nasal symptom AUC. One-way analysis of variance models
were used to test whether the explained variance was significant.

RESULTS

Descriptive Statistics

Of the 719 total participants enrolled, nasal lavages were collected
and analyzed from 710 participants. Missing data were excluded from
the analyses. The participants were 64% female participants, 88%
white, with 84% reporting at least some college education. Age

325



>
w

@)

o 3 ° Py —_ o S o
~ = ) bee o - —
‘-—",' TE' 1 T EQ '_—_?_ T = T
= _ 7 Z < 1 ! —- 2 o | | H H
2 © d H = -+ g ® 1 1 ' L
= = T 1 Q"N— i ° . 1
.- N—_‘_ == _g’ 1 ° g o EE
o4 - ¥ -
A - 1
o A I ‘ P O T e
T T T T T T T T T T T
0 1 2 3 0 2 3 0 1 2 3
NMI NMI NMI
o
f=} = (&3 3
oS ad T T —
g b - T o T ] E -
gedt T 1 2 . g 14 ¢ °
£ : : . §_ 2 ° S s
= o (2] ° 3 o - 1\ -5 H 1
» - @« — H - ¢ £ H i |
3 =] R T =| & gl Sl
R Lo I B e [T |2 E1==1 R =
o = L ks o -t e - < o — e ok
T T T T T T T T =z T T T T
0 1 2 3 0 1 2 3 0 1 2 3
NMI NMI NMI
- - -
e 841 F T i
g - 1 : 1 1
E o -
a 4
s EEE:
2 B
M I
o L+ T T
0 1 2 3
NMI

Figure 2. Central tendency and variability of comparators across the four Nasal Mucus Index (NMI) categories. (A-D) Represent the concurrent relationship
between day 3 NMI and day 3 interleukin 8 (IL-8) (A), polymorphonuclear neutrophils (PMN) (B), Wisconsin Upper Respiratory Symptom Survey-21
(WURSS-21) (C), and nasal symptoms (D). Day 3 measurements were similar to day 1 measurements. Day 3 measurements reported slightly higher acute
respiratory infection (ARI) severity and, therefore, were chosen to be displayed in the box-and-whisker plots. (E-G) Show the predictive relationship between
day 1 NMI score and overall episode severity measurements of the following: (E) WURSS-21 area under the curve (AUC), (F) nasal symptoms AUC, (G)
episode duration. For all the boxes, the third quartile represents the upper bound, the first quartile represents the lower bound, the middle line represents the
median, and the whiskers extend to the most extreme data point, which is no more than 1.5*interquartile range from the box. Units: NMI, each category
represents the categorical severity classification; IL-8, pg/mL; PMN, neutrophils counted per 4 mm?; duration, days.

ranged from 12 to 80 years (mean [standard deviation], 33.7 = 14.4
years). Descriptive statistics of the various ARI severity variables are
provided in Table 1.

ARI Severity Findings

ARI severity findings are portrayed in Figs. 1 and 2 . The distribu-
tion across the four categories of the NMI are portrayed in Fig. 1,
which illustrates the skewness of the NMI versus IL-8 and PMN
samples. The NMI data are skewed right (skewness = 2.4), with most
participants scoring in the zero category. The central tendency and
variability across the four NMI categories are portrayed in Fig. 2.
Increases in the NMI score correlate with the same-day increases in
IL-8 level, PMN count, WURSS-21 score, and nasal symptom (Fig. 2,
A-D). How day 1 NMI scores correlated with subsequent ARI episode
severity, viz. the WURSS-21 AUC, illness episode duration, and nasal
symptom AUC are shown in Fig. 2, E-G. The skewness of the data
and increase in the NMI score that correlated with increases in same-
day criterion test measurements, shown in Figs. 1 and 2.

Concurrent Validity

NMI scores were correlated with same-day IL-8 values, neutrophils
count, WURSS-21 scores, and nasal symptoms for concurrent valida-
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tion purposes. Assessment of concurrent validity with objective cri-
terion tests revealed significant positive Spearman correlations be-
tween NMI scores and same-day IL-8 level (day 1, p = 0.000, p =
0.443; day 3, p = 0.000, p = 0.458) and PMN scores (day 1, p = 0.000,
p = 0.498; day 3, p = 0.000, p = 0.534) (Table 2). We also found
significant positive Spearman correlations between the NMI score
and same-day, self-reported scores for the daily WURSS-21 (day 1,
p = 0.004, p = 0.098; day 3, p = 0.000, p = 0.093) and nasal symptoms
(day 1, p = 0.000; p = 0.162; day 3, p = 0.000, p = 0.141) (Table 2).
One-way analysis of variance showed that the explained variance was
significant (p = 0.000). These assessments showed that the NMI has
substantial concurrent validity for assessing ARI severity.

Predictive Validity

Day 1 NMI scores were correlated with overall episode severity
measurements for predictive validity purposes. One-way analysis of
variance showed that the explained variance was not due to chance.
However, none of these predictive severity measurements correlated
significantly. Predictive validity was tested by correlating the day 1
NMI scores with overall episode severity outcomes. The Spearman
correlations for the predictive validity were as follows: WURSS-21
AUC (p = 0.276, p = 0.022), total nasal symptom AUC (p = 0.147, p =
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Table 2 NMI correlations with criterion tests

Type of Validity* Day of NMI Collection

Criterion Test

Spearman Correlation

p Coefficient p Value#
Concurrent 1 1L-8 0.443 0.000
Concurrent 1 PMN 0.498 0.000
Concurrent 1 WURSS-21 0.098 0.004
Concurrent 1 Nasal symptoms 0.162 0.000
Concurrent 3 1L-8 0.458 0.000
Concurrent 3 PMN 0.534 0.000
Concurrent 3 WURSS-21 0.093 0.007
Concurrent 3 Nasal symptoms 0.141 0.000
Predictive 1 Episode duration 0.038 0.147
Predictive 1 WURSS-21 AUC 0.022 0.276
Predictive 1 Nasal symptoms AUC 0.033 0.192

NMI = Nasal mucus index; IL = interleukin; PMIN = polymorphonuclear neutrophil; WURSS-21 = Wisconsin Upper Respiratory Symptom Survey, 21

item; AUC = area under the curove.

*Concurrent validity assesses same-day measurements; predictive validity assesses day 1 NMI with overall acute respiratory infection episode severity.
#Based on the Student’s t-test for testing whether specific regression coefficient equals zero.

0.038) as well as with duration (p = 0.192, p = 0.033) (Table 2). The
NMLI, therefore, has no predictive validity for assessing ARI severity.

DISCUSSION

We assessed and validated the NMI as a novel, non-self-re-
ported severity measurement during ARI. Analysis of our results
indicated that the NMI had substantive concurrent validity when
assessed with criterion measurements IL-8, PMN, WURSS-21
scores, and nasal symptoms. By using the measurements at hand,
the NMI did not seem to have predictive validity. We concluded
that the NMI was a simple, inexpensive, non-self-reported indica-
tor of ARI severity that can be used as a measurement of concur-
rent ARI severity.

One limitation of the NMI was that it was limited to four
categories and provided a skewed data distribution, with nearly
80% of all the subjects scored in the lowest category, visually rated
as a “few gobs of mucus” (Fig. 1). The few allocations to category
3 of the NMI score may explain the weaker correlation with IL-8
level, as illustrated in Fig. 2. To some extent, the skewness of the
NMI scores could represent actual skewness in ARI severity be-
cause IL-8 level and PMN count are also skewed right (Table 1).
The NMI skewness may provide similar limitations in quantifying
ARI severity as do the accepted IL-8 and PMN measurements.
Future modifications of the NMI might expand the scale to include
more categories, which could yield a more even spread across the
categories. For example, it might be useful to test a scale with
categories of “no mucus at all” and “very few gobs of mucus,”
which extends the scale to five ordinal categories.

The applicability of the NMI might be most useful in research
settings in which cost and laboratory facilities are limited. The
NMI is easy to administer and relatively inexpensive, and is not
subject to participant self-reported bias. It seems to correlate rea-
sonably well with both nasal symptoms and laboratory-assessed
markers of inflammation. Covariates such as sex, age, and psycho-
social factors may influence reporting behavior.!>!4 These self-
reported differences may or may not translate to parallel objective
findings. Whether these differences reflect biased reporting behav-
ior or real differences in symptomatology experienced is difficult
to assess.

Given these uncertainties, it is advisable to use non-self-reported as
well as self-reported severity measurements when assessing ARI. The
NMI could provide a simple, quick, low-cost measurement for this
purpose. The cost reductions that would result from implementing
the NMI instead of other more costly laboratory measurements, might
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allow for larger ARI studies that require non—self-reported ARI se-
verity measurements. Future studies could assess the reliability and
responsiveness of the NMI as an ARI severity measurement by study-
ing interobserver or NMI performance over time. Future research
could also potentially focus on the applicability of the NMI with
diseases other than ARI, e.g., allergic rhinitis.

CONCLUSION

Participants (N = 719) with a new onset ARI underwent nasal
lavages on two different days. Assessments showed that the novel
NMI correlated significantly with same-day inflammatory biomark-
ers (IL-8, PMN) and with self-reported severity by using a validated
outcome assessment tool (WURSS-21, and component nasal symp-
toms). No significant predictive correlations were found. We con-
cluded that there was evidence of concurrent validity for the NMI as
an inexpensive and easy-to-administer tool for assessing ARI severity.
The NMI can be used in future research as an indicator of ARI
severity.

ACKNOWLEDGMENTS

The authors thank Shari Barlow and Tola Ewers, who assisted with
organizing and providing the data sets used for this analysis. Addi-
tional thanks to Tola Ewers for assistance in preparing the manuscript
and supporting documents for submission. P. Dorresteijn also thanks
the Department of Family Medicine and Community Health at the
University of Wisconsin, School of Medicine and Public Health, for
facilitating his medical student research rotation.

REFERENCES

1. Fendrick AM, Monto AS, Nightengale B, and Sarnes M. The eco-
nomic burden of non-influenza-related viral respiratory tract infec-
tion in the United States. Arch Intern Med 163:487-494, 2003.

2. Kirscht JP. Social and psychological problems of surveys on health
and illness. Soc Sci Med 5:519-526, 1971.

3. Barrett B, Brown R, Rakel D, et al. Placebo effects and the common
cold: A randomized controlled trial. Ann Fam Med 9:312-322, 2011.

4. Barrett B, Brown R, Voland R, et al. Relations among questionnaire
and laboratory measures of rhinovirus infection. Eur Respir J 28:358—
363, 2006.

5. Turner RB, Weingand KW, Yeh CH, and Leedy DW. Association
between interleukin-8 concentration in nasal secretions and severity
of symptoms of experimental rhinovirus colds. Clin Infect Dis 26:
840-846, 1998.

327



10.

328

van Kempen M, Bachert C, and Van Cauwenberge P. An update on
the pathophysiology of rhinovirus upper respiratory tract infections.
Rhinology 37:97-103, 1999.

Barrett B, Brown RL, Mundt MP, et al. Validation of a short form
Wisconsin Upper Respiratory Symptom Survey (WURSS-21). Health
Qual Life Outcomes 7:76, 2009.

Barrett B, Rakel D, Chewning B, et al. Rationale and methods for a
trial assessing placebo, echinacea, and doctor-patient interaction in
the common cold. Explore (NY) 3:561-572, 2007.

Barrett B, Brown R, Rakel D, et al. Echinacea for treating the common
cold: A randomized trial. Ann Intern Med 153:769-777, 2010.

Rakel D, Barrett B, Zhang Z, et al. Perception of empathy in the
therapeutic encounter: Effects on the common cold. Patient Educ
Couns 85:390-397, 2011.

11.

Jackson GG, Dowling HF, and Muldoorn RL. Acute respira-
tory diseases of viral etiology. VII. Present concepts of the
common cold. Am ] Public Health Nations Health 52:940-945,
1962.

Schroth MK, Grimm E, Frindt P, et al. Rhinovirus replication
causes RANTES production in primary bronchial epithelial cells.
Am ] Respir Cell Mol Biol 20:1220-1228, 1999.

Tsang A, Von Korff M, Lee S, et al. Common chronic pain condi-
tions in developed and developing countries: Gender and age
differences and comorbidity with depression-anxiety disorders. ]
Pain 9:883-891, 2008.

Almeida SA, Trone DW, Leone DM, et al. Gender differences in
musculoskeletal injury rates: A function of symptom reporting?
Med Sci Sports Exerc 31:1807-1812, 1999. O

September—-October 2016, Vol. 30, No. 5



