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Relations among questionnaire and laboratory measures of rhinovirus infection 
 

Abstract 

 

Background  Due to high incidence and quality-of-life impact, upper respiratory infection substantially 

impacts population health.  To test or compare treatment effectiveness, a well-designed and validated 

illness-specific quality-of-life instrument is needed. 

 

Methods  Data reported here come from a trial testing echinacea for induced rhinovirus infection. 

Laboratory-assessed biomarkers include interleukin-8 (IL-8), nasal neutrophil count (PMN), mucus weight, 

viral titer and seroconversion. Questionnaires include the general health SF-8 (24 hour recall version), the 

8-item Jackson cold scale, and the 44-item Wisconsin Upper Respiratory Symptom Survey (WURSS-44). 

 

Results   399 participants were inoculated with rhinovirus and monitored over 2,088 person-days.  

Statistically significant associations were found among nearly all variables. Between questionnaire 

correlations were: WURSS-Jackson=0.81; WURSS-SF8=0.62; Jackson-SF8=0.60. Correlations with 

laboratory values: WURSS-mucus-weight=0.53; Jackson-mucus-weight=0.55; WURSS-viral titer=0.37; 

Jackson-viral titer=0.46; WURSS-IL-8=0.31; Jackson-IL-8=0.36; WURSS-PMN=0.31; Jackson-

PMN=0.28.  Neither WURSS nor Jackson yielded satisfactory cutoff scores for diagnosis of infection. 

 

Conclusions   Symptomatic and biological outcomes of URI are highly variable, with only modest 

associations. While WURSS and Jackson both correlate with biomarkers, neither is a good predictor of 

induced infection.  Inclusion of functional and quality-of-life items in WURSS does not significantly 

decrease the strength of association with laboratory-assessed biomarkers. 

 

 

Keywords:   common cold, psychometrics, quality-of-life, questionnaires, rhinovirus, symptom 

measurement, upper respiratory infection, validation 
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Introduction 

 

Common cold is caused by viral infection of the upper respiratory tract.  Rhinoviruses cause 

between 25% and 60% of cold episodes.1-4  A weakness in cold research is the lack of well-developed and 

validated outcome measures.  While many laboratory-measured biomarkers are available, very little work 

has focused on patient-oriented quality-of-life measures. 

 

The Jackson scale is widely used.  This index assesses 8 symptoms (sneezing, nasal obstruction, 

nasal discharge, sore throat, cough, headache, chilliness, and malaise), using a 3 or 4 point response range.5-

7  No items assess functional or quality-of-life domains. Validity, reliability and responsiveness have not 

been thoroughly assessed. 

 

The Wisconsin Upper Respiratory Symptom Survey (WURSS)8  was developed as an evaluative 

illness-specific quality-of-life outcomes instrument, to measure change-over-time in domains most 

important to cold sufferers.9-13 The WURSS-44 includes 32 items assessing symptoms, 10 functional items, 

and 2 global assessment items, using 7-point Likert-type response ranges. Formal validity-testing of 

WURSS supports reliability, responsiveness, and external validity.14  A short form (WURSS-21) is 

undergoing validation. WURSS is free-of-charge for non-profit and educational use, but must be licensed 

by for-profit users http://www.fammed.wisc.edu/wurss/ . 

 

WURSS scores associate more strongly with general health-related quality-of-life (SF-815) and with 

the Jackson scale than either of these measures do with each other.14 Using the minimal important 

difference (MID) framework,16-18 we estimated that a two-armed clinical trial using the WURSS-21 would 

need 74 participants to detect MID, compared to 92 for the WURSS-44, 124 for Jackson, and 156 for SF-

8.14 While encouraging, these findings should be verified in other settings, and are limited by the lack of 

assessment of associations with biomarkers. 

 

Materials and methods 

 

 Data reported here come from an induced-rhinovirus-cold echinacea trial, reported as negative.19 

College-age participants susceptible to rhinovirus-39 (RV-39) were randomized to one of three types of 

echinacea, either as prevention or treatment, and were housed in hotel rooms from inoculation (Day 0) until 

discharged on Day 5. Protocols were approved by Virginia and Wisconsin ethics committees. 
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 Interleukin-8 (IL-8), neutrophil count, and viral culture came from daily nasal wash, and were 

analyzed using previously reported methods.20 Mucus weights came from pre-weighed, distributed, then 

collected and re-weighed nasal tissues. Serum was collected Day 0 and approximately 3 weeks later to 

assess serological response. Jackson symptoms were elicited by study nurses twice daily using a 4-point 

response range.  Daily scores were defined as the highest of the two nurse-assisted ratings.  The WURSS-44 

was scored once daily by all participants. The first two batches of participants (N=150) scored the SF-3621-

23 (4-week recall). When the 24-hour recall version of the SF-815 became available, we substituted this more 

appropriate instrument, which was used in the last four batches (N=249). 

 

This study was guided by a conceptual framework in which biomarkers and self-reports are 

imperfect measures of underlying illness domains. For example, IL-8, neutrophil count, and mucus weight 

reflect nasal inflammation, while viral culture and serology indicate infection. Self-reports reflect various 

illness domains, such as nasal congestion, sore throat or cough, or difficulties with thinking, breathing, or 

carrying out daily activities. 

 

One study aim was to determine whether WURSS would predict biomarkers as well as Jackson.  

Because WURSS includes domains not specific to colds, it was possible that WURSS would correlate less 

strongly. On the other hand, the expanded severity response range of WURSS might better measure 

underlying (continuous) domains, hence yield tighter correlations. We were also interested in the abilities of 

WURSS and Jackson to discriminate between infected and non-infected participants. 

 

Statistical analysis began with tabular and graphical portrayal of all variables for each study day.  

Outlying and missing data were assessed.  Bivariate analyses were conducted using scatterplots, Pearson 

correlations, and linear regressions. 

 

To assess relationships between Jackson, WURSS-44, and other measures, we selected a 

bioequivalence approach, using  the TOST method described by Schuirmann24 and Phillips.25 Let  ρ1 be the 

correlation of Jackson with biomarkers, and  ρ2 the correlation of WURSS with biomarkers, and  δL and δU  

the lower and upper bounds of bioequivalence. The null hypothesis of nonequivalence is: 

 

 

 

 

 

δρρδρρ ULH >−<−
21210 or :
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and the alternative hypothesis of bioequivalence is:  

 

δρρδ ULaH <−<
21

:  

 

We chose a conservative range of acceptable difference of (δ) from 5%-15%.24;25  Due to numerous 

correlational contrasts, we adjusted error rates using the sequential Benjamini and Hochberg26 false 

discovery rate approach for multiple hypothesis-testing. This yields a quantity representing the expected 

proportion of false positive findings among all rejected hypotheses. 

 

To assess diagnostic accuracy of Jackson and WURSS in discriminating between those with and 

without infection, several approaches were tried, beginning with simple logistic regression. Due to 

imbalance (only 12% were not infected), we proceeded to an exact logistic regression approach, using 

PROC LogXact.27 Finally, we used a learning linear discriminant function (LLDF) modeling strategy.28  

 

Results 

 

 Participants were enrolled in six batches starting in May 2002 and ending in March 2004.  A total 

of 419 participants were challenged with RV-39. Two withdrew, and 18 were excluded from analysis 

because either: 1) nasal lavage culture demonstrated other pathogens, or 2) serum antibodies at entry 

suggested recent exposure to RV-39. Therefore, the dataset included 399 people followed over 2,088 person 

days. Of these, 350 (88%) demonstrated evidence of RV-39 infection (positive culture or seroconversion). 

 

 In general, data were consistent with our conceptual model and previous reports.  Nasal and throat 

symptoms were more prevalent than cough, headache or fever. A majority of participants rated symptoms 

as absent, very mild, or mild on most days of the trial, yielding a skewed response distribution. Overall, 

there were very little missing data, hence we chose not to impute for the analyses portrayed here. However, 

there were significant outlying data, especially among biomarkers. 

  

Figure 1 portrays central tendency and variability over time. Both Jackson and WURSS show 

gradual increases from Day 0 to Day 2, with maximum scores on Day 3.  While mucus weights follow a 

similar pattern, viral titer, neutrophil (PMN) count and IL-8 are not as predictable.  A logarithmic Y-axis 

was chosen because of variability and skewing. 
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Figure 2 portrays bivariate relationships on Day 3. Day 3 was chosen because overall severity is 

greatest, providing best estimates of associations.  While all Pearson correlations are significant at p < 0.01, 

strength-of-association varies. See Table. Days 0 and 1 were excluded because too few people had 

developed infections.  Day 5 is excluded because the WURSS and SF-8 data weren�t collected. SF-36 is 

excluded because very little association was seen, not surprising, as the SF-36 asks about health over the 

past four weeks, unlikely to be affected by a few days of mild cold symptoms. 

 

Not unexpectedly, the strongest associations were between WURSS and Jackson, with coefficients 

ranging from 0.76 to 0.84 (average = 0.81). Also not surprisingly, the physical domain of the SF-8 

correlated more strongly with WURSS and Jackson than did the mental domain. Associations between 

questionnaires and biomarkers yielded coefficients from 0.46 to 0.64 for mucus weight, 0.30 to 0.50 for 

viral titer, 0.26 to 0.40 for IL-8, and 0.22 to 0.39 for nasal neutrophils (PMN). There were no indications 

that associations among measures varied systematically over time.  

 

Bio-equivalence assays for assesing whether Jackson and WURSS were equally good at predicting 

lab measures suggested equivalence across a 5% to 15% range of acceptable difference. While minor trends 

suggested that Jackson might better predict viral titer and IL-8, and WURSS might better predict SF-8, 

these were not statistically significant.  For mucus weight and PMN, some days favored one instrument 

while other days favored the other. Collectively, analyses suggested that WURSS and Jackson were equally 

good (or equally bad) at predicting biomarkers.  

 

 While WURSS and Jackson are most commonly used to evaluate illness severity over time, it is 

conceivable that they could be used to diagnose infection.  Using conventional binary statistical theory, we 

sought WURSS and Jackson cutoffs that would maximize sensitivity and specificity, using seroconversion 

and/or positive culture as reference.  No adequate cutoffs could be found. We then progressed to LLDF 

models, limiting possibilities to first-order equations. For WURSS, the best prediction rule yielded a 

sensitivity of 85% and a specificity of 44%.  For Jackson, the best rule yielded a sensitivity of 81% and a 

specificity of 66%.  We judge neither equation useful enough to portray here, or to prospectively test in 

future studies. 
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Discussion 

 

The common cold syndrome is characterized by variability rather than central tendency.  While 

there are indisputable links between infection, inflammation, symptoms, and quality-of-life impact, the 

degree of association among these domains is limited. Even in this tightly-controlled induced-rhinovirus-

infection model, variability greatly outweighs central tendency. While observed correlations among 

questionnaire and laboratory measures were not due to chance, very little of the biomarker variability could 

be explained by questionnaire scores. 

 

Associations among the questionnaire instruments were stronger. Correlation coefficients of 0.76 to 

0.84 between WURSS and Jackson were remarkably similar to corresponding coefficients of 0.73 to 0.93 

found in WURSS�s primary validation study,14 based on 1,681 person-days of community-acquired colds. 

Correlations with the SF-8 in that study (coefficients from -0.60 to -0.84 for WURSS and -0.55 to -0.78 for 

Jackson) were slightly stronger than those seen here, perhaps partially due to inherent difficulties in rating 

health-related quality-of-life when confined to a hotel room for five days. Overall, we interpret the similar 

degrees of association between the two studies to support external validity of all three instruments.29 

 

WURSS and Jackson were indistinguishable in ability to predict biomarkers. Bioequivalence 

methods were reasonably powered to detect a difference if one indeed existed. We were reassured by these 

results, as we had been concerned that the expanded range of WURSS might reduce associations with 

biological domains. 

 

It was not possible to use WURSS or Jackson to derive useful rules to predict infection.  Perhaps 

this should not be surprising.  Previous studies report that 25% to 35% of demonstrable infections occur in 

people who deny symptoms.30;31 Conversely, 20% to 40% of people with classic URI symptoms fail to yield 

an etiologic agent when subjected to the most up-to-date viral culture and PCR testing methods.1;32;33  

Reporting error and placebo effects may also be involved.  In one study, 22% of sham-inoculated 

participants reported cold symptoms.34 Perhaps a larger sample with higher symptom scores (and more 

people without infection) would yield better prediction rules. 

 

 This brings us to other limitations. Sample size limitations, random error, and perhaps systematic 

biases may be present.  Data from college-aged volunteers with rhinovirus-induced colds should not be 

generalized to community-acquired colds in the general population. It is possible that administration of 

echinacea (or placebo) may have influenced the data , even though no treatment effects were demonstrable.  
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 Notwithstanding these limitations, we feel the results presented above are a significant addition to 

the existing knowledge base.  We now know that WURSS and Jackson perform in similar manners in 

induced rhinovirus infection. While neither is superior in terms of predicting biomarkers, both do correlate 

significantly with laboratory-assessed measures. Given the fact that WURSS includes quality-of-life 

domains important to cold-sufferers, and appears to measure change-over-time better than Jackson 

(reported elsewhere14), we recommend it as the best currently available illness-specific quality-of-life 

outcomes instrument for common cold. 
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