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ABSTRACT
Purpose: Hospitalized patients with an acute respiratory illness (ARI) were compared to determine if
demographic characteristics, timing or influenza vaccination biased who received clinical respiratory
viral panel (RVP) testing.
Methods: 171 enrollees in an influenza vaccine effectiveness study and a sample of non-enrollees
(N = 1029) admitted to a community hospital with ARI during December 2015 through April
2016 comprised the study sample. Those who received clinical RVP testing (n = 292) were
compared to those who did not by age, sex, influenza vaccination status, and period (pre-peak
influenza season vs. peak/post peak influenza season), using Chi square- and t-tests, and logistic
regression.
Results: Mean age of participants was 70 years, 58% was female and 45% had been vaccinated against
influenza in the 2015–2016 season. Those with clinical RVP testing were significantly younger (67 years)
than those without RVP (71 years; P < 0.001), but did not differ with respect to sex or vaccination status.
The odds of clinical RVP testing were significantly (P = 0.004) related to younger age (< 65 years) (Odds
ratio (OR) = 1.51; 95% CI = 1.14–2.00) and to later period (peak/post peak influenza season; OR = 2.64;
95% CI = 1.84–3.79) but were unrelated to influenza vaccination status or the interaction of time and
vaccination status.
Conclusion: RVP testing was significantly higher among younger hospitalized patients with an ARI and
during the peak and post peak influenza periods than earlier in the season, but influenza vaccination
status was not a significant factor. Studies that enroll based on clinical RVP testing should account for
potential differences by age.
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Introduction

Influenza causes a large burden of hospitalizations in the
United States each year.1 Although influenza vaccination
reduces the number of hospitalizations,2 influenza vaccine
effectiveness (VE) varies annually and controversy exists
about VE, especially among seniors. Efficient mechanisms to
accurately determine VE are needed, especially with respect to
more severe illness.

Respiratory viral panel (RVPs) are reverse transcription
polymerase chain reaction tests to detect the presence of
multiple respiratory viruses including influenza, from a
single naso-pharyngeal specimen. Given the increasing
clinical use of RVPs in the inpatient setting, the question
arises as to whether clinical RVPs can substitute for
research-specific specimens to estimate influenza VE or
if the clinicians ordering RVPs are biased by knowledge
of underlying influenza vaccination status. The purpose of
this brief report is to explore that potential bias, if any,
among 1,200 adults hospitalized for acute respiratory ill-
ness (ARI) in a community hospital during the 2015–2016
influenza season.

Results

In Pittsburgh and generally throughout the U.S., in the
2015–2016 influenza season, influenza cases that required
hospitalization began in February 2016 later than usual
(December or January) and the predominant virus causing
illness was influenza A(H1N1)pdm09. The characteristics of
the study sample admitted during the study period are
shown in Table 1 by clinical RVP status. The entire study
sample (N = 1,200) consisted of older adults (mean
age = 70 years), 58% of whom was female and 45% of
whom had been vaccinated against influenza in the
2015–2016 season (data not shown in Table 1). In bivariate
analyses during the entire study period, those who received
clinical RVP testing were significantly younger
(66.8 ± 14.4 years; Table 1) than those not tested
(71.3 ± 14.9 years; P < 0.001). RVP testing was more
common among adults < 65 years (30.8%) than among
older adults (21.1%; p = 0.0002).

Of all 292 RVPs performed throughout the study period,
the fewest were performed during December 2015 (n = 42,
15%) and January 2016 (n = 41, 14.3%), rising to a peak
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number performed in March 2016 (n = 78, 32.6%; see
Table 1), with significant differences by month (P < 0.001).
The odds of ordering clinical RVP testing increased two-fold
in the months of February, March and April 2016 as com-
pared to December 2015 and they were directly related to the
peak/post peak influenza circulation period. Clinical RVP
testing did not vary by vaccination status either during the
pre-peak or peak/post peak influenza season (P = 0.204).

In unadjusted logistic regression, vaccination status was
not related to clinical RVP testing (Table 2). This finding
did not change when adjusting for age. The pattern of RVP
testing for vaccinated and unvaccinated patients by hospital
admission date is shown in Figure 1. The logistic regression
model was adjusted by age, period (pre-peak, peak/post
peak influenza season) and the interaction of vaccination
status by period. The odds of receiving RVP testing were
significantly higher among younger individuals (< 65 years)
(Odds ratio (OR) = 1.51; 95% Confidence Interval
(CI) = 1.14–2.00; P = 0.004) and during the peak/post
peak influenza period (OR = 2.64; 95%CI = 1.84–3.79,
P = 0.0001); the interaction term of vaccination status and
time was not related to likelihood of RVP testing

(OR = 0.73; 95% CI = 0.43–1.26; P = 0.261, data not
shown in Table 2). In sensitivity analyses comparing the
VE study enrollees and non-enrollees with RVP, signifi-
cantly more females were enrolled in the VE study and a
smaller proportion of RVP-tested patients were enrolled in
the VE study during December when screening was inten-
tionally light (Appendix Table 2A).

Discussion

At the time of this study, Centers for Disease Control and
Prevention (CDC) guidelines recommended that respiratory
virus testing be performed as early as possible in hospitalized
patients with suspected influenza.3 Current CDC guidelines
recommend collecting an upper respiratory tract specimen for
hospitalized patients without lower respiratory tract disease
and consideration of collection of lower respiratory tract
specimens if upper respiratory tract specimens are negative
and if positive testing would change clinical management.4

Because RVPs are relatively new and expensive, it has been
speculated that physicians might restrict ordering RVPs to
patients known to be unvaccinated against influenza or to
younger adults who are less likely to be vaccinated, or physi-
cians may simply be following CDC recommendations to
initiate antiviral treatment empirically without waiting for
test results.

We did not find any significant overall association between
vaccination and RVP ordering. During the peak/post peak
period, a borderline (P = 0.058) trend was noted in one
subanalysis (Table 1). However, an overall analysis adjusted
by time period found no association (Table 2). Whether this
represents a random effect, confounding by some other
unmeasured factors, or a potential bias is unknown.

Selection bias is a threat to the validity of many
studies 5–7 and should be considered both at the design
phase and during the conduct of the study. In clinical
research, common causes of selection bias include the
use of multiple subset analyses, inclusion/exclusion criteria
and investigator bias.8 Selection bias also occurs when the
outcome and primary exposure affect participation in the
study.9 However, in this study, the likelihood of RVP
clinical testing increased as the season progressed, but
did not vary with the primary exposure, i.e., influenza
vaccination status, or with the interaction of vaccination
status and period, suggesting that influenza vaccination
status is not a causal effect of bias in study enrollment
based on clinical RVP testing.

Table 1. Clinical respiratory virus panel (RVP) testing by demographic character-
istics and influenza vaccination status.

Variable

RVP
(N = 292)
n (%)

No RVP
(N = 908)
n (%) P value

Age (years), Mean (SD) 66.8 (16.4) 71.3 (14.9) < 0.001
Age group 0.0002

< 65 Years 122 (30.8) 274 (69.2)
≥ 65 Years 170 (21.1) 634 (78.8)

Sex 0.747
Female 171 (24.7) 522 (75.3)
Male 121 (23.9) 386 (76.1)

Vaccination status 0.204
No 170 (25.8) 490 (74.2)
Yes 122 (22.6) 418 (77.4)

Month < 0.001
December 2015 42 (15.0) 238 (85.0)
January 2016 41 (14.3) 246 (85.7)
February 2016 65 (33.2) 131 (66.8)
March 2016 78 (32.6) 161 (67.4)
April 2016 66 (33.3) 132 (66.7)

Vaccination status of those enrolled
during pre-peak influenza season*

N = 132 N = 601 0.848

No 75 (18.3) 336 (81.7)
Yes 57 (17.7) 265 (82.3)

Vaccination status of those enrolled
during peak/post peak influenza
season**

N = 160 N = 307 0.058

No 95 (38.2) 154 (61.8)
Yes 65 (29.8) 153 (70.2)

*Pre-peak influenza season = December 1, 2015 to February 24, 2016
**Peak/post peak influenza season = February 25, 2016 to April 30, 2016

Table 2. Odds of respiratory virus panel (RVP) testing by influenza vaccination status (unadjusted), odds of respiratory virus panel (RVP) testing by influenza
vaccination status adjusted by age, and odds of RVP testing by influenza vaccination status, adjusted by age group (< 65 vs. ≥ 65 years), period, and vaccination by
period interaction for the 2015–2016 influenza season.

Variable
Unadjusted Odds Ratio1

(95% CI) P value
Adjusted Odds Ratio2

(95% CI) P value
Adjusted Odds Ratio3

(95% CI) P value

Vaccination Status, ref. = Unvaccinated 0.84 (0.64–1.10) 0.204 0.89 (0.68–1.17) 0.396 1.00 (0.68–1.47) 0.995
1Unadjusted odds ratio for clinical RVP testing
2Odds ratio for clinical RVP testing adjusted for age group (< 65 vs. ≥ 65 years)
3Odds ratio for clinical RVP testing adjusted for age group (< 65 vs. ≥ 65 years), period and vaccination by period interaction
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Strengths and limitations

To our knowledge, this is the first study to examine selection
bias related to RVPs for the inpatient test-negative design.
This analysis was based on patient recruitment at a commu-
nity hospital at which research is less common than in other
tertiary care hospitals in the health system. Thus, the results
are more likely to be applicable to community hospitals than
tertiary institutions. Secondly, limited clinical data such as
co-morbidities were extracted for assessing confounders.
Thirdly, many of the admitting physicians in this hospital
were trained and mentored by a study author (DBM), which
might promote uniformity of performance in deciding
whether and when to order clinical RVPs based on clinical
presentation. Finally, vaccination records came from our
health system, which is supplemented by the state immuni-
zation registry; evidence of vaccinations received elsewhere
was not sought.

Conclusion

Clinical RVPs are useful for identifying the causative agent
for patients hospitalized with an acute respiratory illness. We
found no evidence that influenza vaccination status was
related to clinical RVP testing. Because of the potentially
serious consequences of influenza in hospitalized patients,
rapid turnaround testing should be initiated irrespective of
the vaccination status of the patient, to enable the clinician
to continue antiviral treatment if influenza has been con-
firmed. Clinical RVP testing may be useful in VE studies;
additional studies in other influenza seasons and settings are
warranted.

Methods

Electronicmedical record (EMR) data extractions were conducted
as part of a study of influenza VE among adult inpatients at a 240-
bed community hospital in Pittsburgh. From December 1, 2015
through April 30, 2016, daily lists of all patients admitted with
symptoms of new or worsening acute respiratory illness (ARI)
were generated based on a bioinformatics scan of the EMR for
ICD10 codes and symptoms (see Appendix Table A1). From the
patients identified with ARI, those who were ≥ 18 years of age,
admitted for≤ 72 hourswere eligible. A random sample of patients
meeting the enrollment criteria (n = 1029) and all enrollees of the
influenza VE study (additional eligibility criterion was having a
RVP collected≤ 10 days from illness onset; n = 171) comprised the
study sample (total N = 1200). (See flow diagram in Figure 2.) De-
identified variables for this analysis included age, sex, admission
date, RVPdone (yes/no), and influenza vaccination status (yes/no)
from the EMR. This study was reviewed and approved by the
Institutional Review Board of the University of Pittsburgh.

Analysis

Because influenza can begin circulating in December, screening
and enrollment for the VE study began December 1, 2015 (2015-
W49-01). For this study, the influenza season was defined as the
time during which influenza was circulating, as indicated by the
first enrolled participant with a positive influenza test result until
the end of April 2016. Descriptive statistics are presented asmeans
and standard deviations for age and as percentages for the discrete
measures. Two-sample t-tests were used for comparisons between
age and RVP status. Chi-square tests were used to compare the
differences between, sex, vaccination status, age group (< 65 years
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Figure 1. Spline curves showing date of clinical respiratory viral panel (RVP) testing by vaccination status for 292 inpatients using multivariable logistic model with
interaction of time and vaccination status.
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vs. ≥ 65 years), month, pre-peak influenza vaccination status,
peak/post peak influenza vaccination status and clinical RVP
status. Logistic regression analyses were used to estimate the
odds of receiving RVP testing with vaccination status and adjusted
for age group (< 65 years vs. ≥ 65 years), period (classified as pre-
peak = December 1, 2015 (2015-W49-01)-February 24, 2016
(2016-W09-24) and peak/post peak = February 25, 2016 (2016-
W09-25)-April 30, 2016 (2016-W18-30)) and the interaction of
period and vaccination status.We have fitted two adjustedmodels
one with age group and the other adjusted model with age group,
period and interaction of period and vaccination status. The main
interest refers to the causal effect of vaccination status after adjust-
ing for the secondary effect(s). Table 2 limits the estimates of the
vaccination status under differentmodels with the adjusted factors
reported in the footnote of the Table 2.10 The predicted probability
of getting an RVP as a function of time for unvaccinated and
vaccinated patients was determined using spline functions
(Figure 1). Statistical significance was defined as two-sided P
value ≤ 0.05. All analytical procedures were performed using
SAS® version 9.3. The week date system in this section as well as
in Figure 1 refers to the nearest date per ISO8601 standard.
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Table A1. Qualifying symptoms/syndromes for acute respiratory illness.

ICD-10 Beginning ≤ 10 days ago ICD-10 Symptoms/Syndromes

Influenza-like Illness J80 Acute Respiratory Distress Syndrome
J11.1 Influenza-like illness (ILI) R50.9 Fever
J11.1 Influenza-like disease (ILD) R09.81 Nasal Congestion
J10.1 Influenza R09.89 Chest Congestion
J06.9 Upper Respiratory Infection (URI) R07.0 Sore throat
J06.9 Viral URI R68.83 Chills
R05 Cough R52 Body Aches
J20.8 Bronchitis R53.83 Fatigue

Pneumonia R06.03 Respiratory Distress
J18.9 Pneumonia (PNA) R06.02 Shortness of Breath (SOB)
J15.9 Bacterial Pneumonia R06.89 Difficulty in Breathing (DIB)
J18.9 Community Acquired Pneumonia OR R06.00 Dyspnea
J18.9 Health-care Acquired Pneumonia A41.9 Sepsis
J69.0 Aspiration Pneumonia E84.0 Cystic Fibrosis Exacerbation (CF)
J18.9 Evaluate Pneumonia J98.8 Respiratory Medical, Other
J18.9 Bibasilar Pneumonia I50.9 Congestive Heart Failure (CHF)

Asthma and COPD J84.112 Idiopathic Pulmonary Fibrosis (IPF)
J44.1 COPD Exacerbation R41.82 Altered Mental Status (AMS)
J45.901 Asthma Exacerbation AND
J45.902 Status Asthmaticus New onset, exacerbation, or change
J45.901 Asthmatic Bronchitis in ≥ 2 of the following symptoms with at least one
J45.901 Asthmatic Bronchitis respiratory symptom beginning ≤ 10 days ago:

Respiratory Symptoms:
Cough, Shortness of Breath, Nasal Congestion, Chest Congestion, Sore Throat
Constitutional Symptoms:
Fever/Feverishness, Chills, Body Aches, Fatigue

HUMAN VACCINES & IMMUNOTHERAPEUTICS 95

https://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm
https://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm
http://dx.doi.org/10.1016/j.jaci.2004.12.1118
http://dx.doi.org/10.1093/ije/dyi274
http://dx.doi.org/10.1097/EDE.0b013e3181e9edc4
http://dx.doi.org/10.1097/EDE.0b013e3181e9edc4


Table A2. Demographic and other characteristics of patients with RVP who were enrolled in the influenza vaccine effectiveness study and those who
were not enrolled.

Enrolled in Influenza Vaccine Effectiveness Study

Variable
Total

N = 292
No

(n = 123, 42.1%)
Yes

(n = 169, 57.9%) P value

Age, Years, Mean (SD) 66.8 (16.4) 68.5 (15.6) 65.6 (17) 0.133
Age Group 0.006
< 65 Years 122 (41.8) 40 (32.5) 82 (48.5)
≥ 65 Years 170 (58.2) 83 (67.5) 87 (51.5)

Sex 0.030
Female 171 (58.6) 63 (51.2) 108 (63.9)
Male 121 (41.4) 60 (48.8) 61 (36.1)

Vaccination Status 0.125
No 170 (58.2) 78 (63.4) 92 (54.4)
Yes 122 (41.8) 45 (36.6) 77 (45.6)

Months Admitted 0.008
December 2015 42 (14.4) 28 (22.8) 14 (8.3)
January 2016 41 (14.0) 17 (13.8) 24 (14.2)
February 2016 65 (22.3) 28 (22.8) 37 (21.9)
March 2016 78 (26.7) 26 (21.1) 52 (30.8)
April 2016 66 (22.6) 24 (19.5) 42 (24.8)

Vaccination status of those enrolled during pre-peak Total No Yes
influenza season* N = 132 (n = 67, 51%) (n = 65, 49%)
No 75 (56.8) 42 (62.7) 33 (50.8) 0.167
Yes 57 (43.2) 25 (37.3) 32 (49.2)

Vaccination status of those enrolled during peak/post Total No Yes
peak influenza season** N = 160 (n = 56, 35%) (n = 104, 65%)
No 95 (59.4) 36 (64.3) 59 (56.7) 0.353
Yes 65 (40.6) 20 (35.7) 45 (43.3)

*Pre-peak influenza season = December 1, 2015 to February 24, 2016
**Peak/post peak influenza season = February 25, 2016 April 30, 2016
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