
Testing patients for respiratory viruses should guide isola-
tion precautions and provide a rationale for antimicrobial 
drug therapies, but few studies have evaluated these as-
sumptions. To determine the association between viral test-
ing, patient outcomes, and care processes, we identified 
adults hospitalized with respiratory symptoms from 2004 
through 2012 at a large, academic, tertiary hospital in Can-
ada. Viral testing was performed in 11% (2,722/24,567) of 
hospital admissions and was not associated with reduced 
odds for death (odds ratio 0.90, 95% CI 0.76–1.10) or lon-
ger length of stay (+1 day for those tested). Viral testing re-
sulted in more resource utilization, including intensive care 
unit admission, but positive test results were not associated 
with less antibiotic use or shorter duration of isolation. Re-
sults suggest that health care providers do not use viral test 
results in making management decisions at this hospital. 
Further research is needed to evaluate the effectiveness of 
respiratory infection control policies.

In 2003, the coronavirus responsible for the severe acute 
respiratory syndrome (SARS) outbreak infected 774 and 

killed 8,096 persons worldwide (1). It was quickly recog-
nized that this virus spread between close contacts, because 
21% of infected case-patients were health care workers car-
ing for patients infected with the SARS coronavirus (1,2). 
During the outbreak, respiratory infection control policies 
were developed by clinical infectious disease and public 
health experts, and their use was mandated in all Canadian 
hospitals. These measures were attributed to the eventual 
control of the outbreak (3–6). As a result, infection control 
practices, including strict hand hygiene, viral testing of pa-
tient samples, and use of isolation precautions, quarantine 
rooms, and personal protective equipment, were mandated 

for routine use with all patients who sought treatment at 
emergency departments (EDs) with respiratory symptoms 
and fever (7,8).

National guidelines suggest that patients admitted to 
acute care hospitals with infectious respiratory symptoms 
should receive screening for viral infections by answering 
symptom-based questionnaires, and they should be placed 
under droplet isolation precautions until definitive evidence 
rules out a transmissible respiratory illness (7,9). Viral test-
ing in this setting is carried out with a nasopharyngeal (NP) 
swab sample, which is processed by direct fluorescent an-
tibody (DFA), PCR, or both to identify a viral pathogen. 
Viral testing in these patients should improve diagnostic 
clarity, reduce the number of subsequent diagnostic tests 
and procedures required, and prevent infection transmis-
sion to other patients and health care workers by guiding 
the use of isolation precautions. However, these outcomes 
can only occur if physicians and infection control practi-
tioners assess the results of the viral test and feel confident 
ruling out viral disease on the basis of the results.

To date, whether respiratory viral testing in patients 
improves outcomes or care processes has not been prov-
en in large studies. Two small studies demonstrated that 
knowledge of the viral test results did not affect length of 
stay and subsequent antibiotic use (10,11). However, 1 pre-
vious study demonstrated reduced length of stay, mortality, 
and cost when using viral testing (12). These studies were 
limited by the following: relatively small sample sizes; 
only single winter seasons being evaluated; and utilization 
of hospital resources, including isolation precautions, not 
being assessed (10–12).

To address this gap in evidence, we set 2 main objec-
tives for this study. First, we aimed to determine the as-
sociation between the use of viral testing and subsequent 
hospital resource utilization (antibiotic/antiviral drugs pre-
scribed; radiology studies conducted; cultures and bron-
choscopies performed), including the duration of isolation 
precautions. Second, we aimed to determine whether viral 
testing was associated with in-hospital deaths, admission to 
intensive care, and length of stay in the hospital.
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Methods

Data Sources
We conducted a large retrospective observational cohort 
analysis based at The Ottawa Hospital (TOH), an adult ac-
ademic hospital located in Ottawa, Ontario, Canada, with 
≈1,100 inpatient beds. TOH is a tertiary care referral center 
that provides care for 1.2 million patients in the Eastern 
Ontario region. We created the study cohort using hospital 
administrative and clinical data from The Ottawa Hospital 
Data Warehouse, a relational database containing informa-
tion from TOH’s patient registration system, the clinical 
data repository (containing laboratory, pharmacy, radiol-
ogy, and clinical notes), and the discharge abstract data-
base. Data from these operational systems are loaded into 
the database on a daily basis and linked by patient unique 
identifiers. Extensive assessments of data quality were per-
formed during the development of the database.

Study Population: Inclusion and Exclusion Criteria
We identified hospitalizations of adult patients from January 
1, 2004, through December 31, 2012. Hospitalizations were 
included if the patient was admitted through the ED with 
any combination of cough, fever, or shortness of breath.

We excluded hospitalizations resulting from a trans-
fer from another health institution (such as a long-term 
care facility or another regional hospital). If a patient had 
been seen in the ED with respiratory symptoms but was 
not subsequently admitted, the patient was also excluded 
from the study.

Exposure
The NP swab sample, processed by DFA or PCR, was the 
exposure of interest for each hospitalization. The standard 
of practice at our center during the study period was to 
process NP swab samples with DFA. However, during the 
2009 influenza A(H1N1) pandemic season, multiplex PCR 
was used to detect viruses. The multiplex PCR can detect 
influenza A or B, respiratory syncytial virus, parainfluenza 
virus, enterovirus, adenovirus, human metapneumovirus, 
rhinovius, and coronavirus. We developed and validated an 
algorithm within our dataset to determine whether NP swab 
samples were analyzed, and categorized them as positive 
or negative on the basis of the DFA or PCR result (positive 
test refers to identification of a respiratory virus).

Patient Outcomes and Measures of  
Health Resource Utilization
The primary outcomes considered in this study were num-
ber of inpatient deaths, and length of hospital stay. Sec-
ondary outcomes included admission to the intensive care 
unit (ICU) and measures of resource utilization, including 
antibiotic and antiviral prescriptions, chest radiograph and 

computed tomography imaging, blood and sputum cul-
tures, bronchoscopy, and use and duration of isolation pre-
cautions in the hospital.

Analysis and Adjustment for Confounding
The unit of analysis in this study was the patient’s hos-
pitalization. Patient characteristics were compared across 
groups (with and without viral testing performed) and 
were described by using proportions, means with SDs, 
and medians with interquartile range when appropriate. 
Using similar methods, we then compared groups with 
positive and negative NP swab sample results among the 
hospitalizations in which an NP swab sample was ana-
lyzed. We assessed the difference of means and SD for 
continuous variables using a 1-way analysis of variance 
test (ANOVA) and for differences between proportions 
using a χ2 test. For all statistical tests, p<0.05 was consid-
ered statistically significant.

We measured patient coexisting conditions using the 
Elixhauser score (13,14), a validated scoring system which 
summarizes comorbid illness and can predict the patient’s 
risk of death in the hospital (14). It was derived and vali-
dated by using hospitalization data from TOH, and the 
score was based on the original 30 comorbidity diagnosis 
groups in the Elixhauser comorbidity classification sys-
tem (13,14). The Elixhauser summary score ranges from 
a minimum of –19 to +89, which are associated, respec-
tively, with a 0.37% and 99.41% risk of in-hospital death 
(14). Baseline risk of death at the time of hospitalization 
was calculated for each hospitalization by using a regres-
sion model previously validated by data from TOH’s pa-
tient population (15,16). We defined influenza seasons on 
the basis of dates recorded in the Public Health Agency of 
Canada’s national surveillance system for influenza, Flu-
Watch (17). We used this information to categorize hospi-
tal admissions according to whether or not they occurred 
during an influenza season.

We created multivariate logistic regression models to 
investigate whether having an NP swab sample obtained 
and tested was associated with probability of death and ICU 
admission. For each outcome in which the patient died or 
was admitted to the ICU, univariate odds ratios (ORs) were 
calculated for patient sociodemographic factors, clinical fac-
tors related to the hospitalization, patient comorbidity, and 
whether the patient was admitted to the hospital during influ-
enza season. A multivariate model was created on the basis 
of significant predictors of death and ICU admission and was 
reduced by using stepwise variable selection. We used unad-
justed and adjusted linear regression models to determine the 
change in length of stay in hospital when an NP swab sample 
was tested during the admission process. We used a natural 
logarithm transformation of the length of stay variable to ad-
just for the left skewed distribution of this variable.
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In a secondary analysis, the same methods were used 
to develop multivariate logistic regression models to inves-
tigate the association between the NP swab sample test-
ing (positive or negative test result) and odds of death and 
ICU admission. Multivariate linear regression was used to 
evaluate length of stay.

We conducted a sensitivity analysis of a subgroup of 
hospitalizations in which the most responsible discharge 
diagnosis was a pulmonary infection or exacerbation. This 
was done to account for the fact that patients seeking treat-
ment for respiratory symptoms could have received a diag-
nosis of a noninfectious condition (such as heart failure or 
pulmonary embolism). We limited the discharge diagnosis 
to diagnoses of respiratory infections or exacerbations to 
determine whether there was any effect on the study out-
comes. In this group, we assessed the potential association 
between having an NP swab sample tested and clinical out-
comes (online Technical Appendix Table 1, http://wwwnc.
cdc.gov/EID/article/21/8/14-0978.pdf). All analyses were 
conducted by using SAS 9.2 statistical software (SAS Insti-
tute Inc., Cary, NC, USA). This study was approved by the 
Ottawa Health Sciences Network Research Ethics Board, 
and a waiver of patient consent was granted.

Results

Study Cohort Demographics
During the 8-year study period, we identified 24,567 hospi-
tal admissions in which the patient sought treatment at the 
ED reporting chief symptoms of fever and/or cough and/or 
shortness of breath. These admissions represented 17,327 
unique patients. Baseline characteristics of the study cohort 
are described in Table 1. An NP swab sample was tested in 
11% (2,722/24,567) of admissions. Overall, patients who 
had an NP swab sample tested were younger, more likely 
to be admitted during influenza season, and more likely to 
be female.

Description of Outcomes
Table 2 describes likelihood of deaths, ICU admission, 
length of stay, and use of isolation precautions in the study 
cohort and among hospitalizations in which the patient had 

a positive or negative NP swab sample. During hospitaliza-
tions in which an NP swab sample was tested, length of stay 
in hospital was longer (11.7 days vs. 9.5 days, p<0.001) and 
mean duration of isolation precautions was longer (4.8 days 
vs. 1.4 days, p<0.001) than in hospitalizations in which an 
NP swab sample was not tested. There was no significant 
difference in the mean number of days spent in isolation 
between hospitalizations in which the patient had positive 
or negative NP swab samples (5.16 ± 5.39 vs. 4.73 ± 7.65 
days, p = 0.27).

NP Swab Samples and Resource Utilization
Table 3 describes the use of hospital resources (antibiotic 
drugs, antiviral drugs, chest imaging studies, cultures, and 
bronchoscopy) among hospitalized patients with positive 
and negative NP swab samples. Among hospitalizations 
in which the sample was positive (420/2,722) and hospi-
talizations in which it was negative (2,302/2,722), no sig-
nificant differences were found in process of care variables, 
with exception of more antiviral drug use and less use of 
computed tomography chest scans in the group with posi-
tive swab samples. Hospitalizations in which an NP swab 
sample was analyzed used statistically more resources than 
those in which no swab sample was tested (p<0.001, for all 
hospital resources measured).

NP Swab Samples and Association with Odds of 
Death, ICU Admission, and Length of Stay
After adjustment for confounding variables, there was no 
association between having an NP swab sample tested in 
the hospital and odds of death (OR 0.90, 95% CI 0.76–
1.10). We identified a significant increase in ICU admis-
sion when a patient’s NP swab sample had been tested 
(OR 2.23, 95% CI 1.61–3.10). Finally, linear regression 
analysis demonstrated a nonsignificant 1-day increase in 
length of stay among hospitalized patients for whom a 
sample was tested (p = 0.55; ORs with 95% CIs are shown 
in online Technical Appendix Table 2). Among the hos-
pitalizations in which an NP swab sample was tested (n = 
2,722), no significant associations were found between a 
positive swab sample and odds of death, ICU admission, 
or length of stay (online Technical Appendix Table 3).
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Table 1. Baseline characteristics of hospitalized adults admitted with respiratory symptoms, Ottawa, Ontario, Canada, 2004–2012* 

Variable 
Without NP swab samples, 

n = 21,845 
With NP swab 

samples, n = 2,722 Total, n = 24,567 p value 
Age at admission, mean ± SD 67.7 ± 17.14 65.99 ± 18.31 67.48 ± 17.28 <0.001 
Female sex, no. (%) 10,891 (49.9) 1,420 (52.2%) 12,311 (50.15) 0.023 
Admitted during influenza season, no. (%) 12,958 (59.3) 2,221 (81.6%) 15,179 (61.8) <0.001 
Baseline risk of death, mean ± SD 0.14 ± 0.15 0.14 ± 0.14 0.14 ± 0.15 0.65 
Elixhauser score quartiles    <0.001 
 0 5,636 (25.8) 981 (36.0) 6.617 (26.9)  
 1 5,877 (26.95) 762 (28.0) 6,639 (27.0)  
 2 5,200 (23.8) 558 (20.55) 5,758 (23.4)  
 3 5,132 (23.5) 421 (15.5) 5,553 (22.6)  
*NP, nasopharyngeal. 
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Results of Sensitivity Analysis
In a restricted cohort of hospitalized patients in which an 
infectious respiratory diagnosis was made (n = 7,459), 
the fact that an NP swab specimen was tested was not 
associated with reduction in chance of death but was 
significantly associated with increased ICU admission.  
Length of stay was also significantly increased by 1 
day (95% CI 0.9–1.1 days, p = 0.04), which was not the 
case in the primary analysis (online Technical Appendix  
Table 1).

Discussion
In this study, viral testing of respiratory samples during 
hospitalization was not associated with a significant reduc-
tion in odds of patient deaths or length of hospital stay after 
adjustment for critical clinical confounding factors. Viral 
testing, however, was associated with increased likelihood 
of admission to the ICU. Our study also did not find that 
respiratory viral testing was associated with significant re-
ductions in antibiotic use, chest imaging studies, bronchos-
copy, or microbiologic cultures among patients with infec-
tious respiratory symptoms. Most notably, a positive viral 
test result did not lead to significant reductions in antibiotic 
use, number of chest radiographs obtained, and number of 
blood cultures requested. It is plausible that lack of any ob-
servable beneficial effect on these outcomes is a result of 
health care providers neglecting to adjust care processes on 
the basis of the testing results.

Although more isolation precautions were used with 
patients with positive viral test results than with those with 
negative test results (94% vs. 87%, p<0.001), the test re-
sult did not influence the duration of isolation precautions. 
No statistical difference was found in the mean number of 
isolation-days between hospitalizations in which positive 

and negative viral test results were obtained (5.2 days vs. 
4.7 days, p = 0.27). 

This finding could have several potential causes, how-
ever. First, health care providers may not be translating 
negative test results into the action of removing isolation 
precautions because of lack of infection control directives 
for front-line staff (nurses and physicians) to guide the safe 
removal of isolation precautions. As a result, patients may 
remain under isolation precautions for a standard fixed du-
ration, regardless of the viral test result. Second, perhaps 
front-line staff fear the possibility of infection transmission 
(even when the NP swab sample is negative) and continue 
the precautions as a conservative measure.

We found that hospitalized patients for whom NP swab 
samples were tested had a greater chance of ICU admis-
sion, after adjustment for confounders, including admis-
sion during influenza season, isolation status, and baseline 
risk for death. This observation remains unexplained. It 
may be due to residual confounding, but it is also conceiv-
able that obtaining the NP swab sample and subsequent iso-
lation precautions may put some patients at risk for adverse 
events that require ICU admission. Abad et al. conducted a 
systematic review and found that isolation precautions are 
associated with greater adverse drug events, less physician 
and nurse care, and increased patient scores for anxiety and 
depression (18). In a prospective study, Stelfox et al. found 
that patients in isolation experienced more preventable ad-
verse events in the hospital, made more formal complaints 
to the hospital about their care, were more likely to have 
had no vital signs done when ordered, and had more days 
with no physician progress notes, when compared with 
nonisolated controls (19).

Relatively few studies have evaluated the effects of 
respiratory viral testing on processes of care and clinical  
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Table 2. Outcomes for hospitalized adults seeking treatment with respiratory symptoms, Ottawa, Ontario, Canada, 2004–2012* 

Outcome variable Study cohort, n = 24,567 
With negative swab 
sample, n = 2,302 

With positive swab 
sample, n = 420 p value† 

Death, no. (%) 2,550 (10.4) 239 (10.4) 40 (9.5) 0.594 
ICU admission, no. (%) 2,007 (8.2) 341 (14.8) 76 (18.1) 0.086 
Days in ICU, mean ± SD  8.37 ± 10.64 11.22 ± 12.77 11.70 ± 14.03 0.771 
Hospital isolation used, no. (%) 7,487 (30.5) 1,993 (86.6) 396 (94.3) <0.001 
No. days in isolation, mean ± SD 1.79 ± 6.79 4.73 ± 7.65 5.16 ± 5.39 0.27 
*ICU, intensive care unit. 
†For negative and positive swab samples. 

 

 

 

 
Table 3. Laboratory, prescription, radiology, and procedure use among hospitalized patients with positive and negative NP swab 
samples, Ottawa, Ontario, Canada, 2004–2012* 

Variable 
No. (%) negative NP swab 

samples, n = 2,302 
No. (%) positive NP swab 

samples, n = 420 
No. (%) total swab 
samples, N = 2,722 p value 

Antibiotic use 2,204 (95.7) 397 (94.5) 2,601 (95.6) 0.265 
Antiviral use 305 (13.2) 166 (39.5) 471 (17.3) <0.001 
Blood cultures 1,813 (78.8) 340 (81.0) 2153 (79.1) 0.309 
Sputum cultures 979 (42.5) 167 (39.8) 1146 (42.1) 0.291 
Bronchoscopy 147 (6.4) 20 (4.8) 167 (6.1) 0.202 
CT scan of thorax 599 (26.0) 83 (19.8) 682 (25.1) 0.006 
Chest radiograph 1,293 (56.2) 229 (54.5) 1,522 (55.9) 0.532 
*NP, nasopharyngeal; CT, computed tomography. 
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outcomes in hospitalized adults. Most of these studies 
were performed on children in the ED (20–23). However, 
2 small prospective studies in adult patients have examined 
the effects of respiratory viral testing results on antibiotic 
use, whereas 1 other study also examined the effect on 
length of hospital stay (10,11). Hernes et al. prospectively 
studied the effect of respiratory viral PCR testing on anti-
biotic treatment and length of stay among 147 hospitalized 
patients >65 years of age with respiratory infections and 
found no difference in antibiotic use or length of stay be-
tween patients with a positive and negative viral test result 
(10). An earlier study in 2005 by Oosterheert et al. found 
similar results among 107 adult patients admitted for an-
tibiotic treatment of lower respiratory tract infection (11). 
Their overall conclusion was that early knowledge of the 
viral test result did not significantly reduce the duration of 
antibiotics, or costs, when compared with those of a group 
in which the viral test results were not made available (11).

The results of these 2 small prospective studies are gen-
erally congruent with our results. However, we also found 
that a positive viral test result did not affect other processes 
of care, including whether blood and sputum cultures, bron-
choscopy, and chest radiographs were obtained and, most 
notably, duration of isolation precautions. Our study also 
examined the outcomes of patient death and ICU admission, 
which were not addressed in the previous studies.

Our study has several strengths. It is the largest study 
conducted to evaluate the effects of respiratory viral testing 
on clinical outcomes in adult hospitalized patients. Also, 
our data spanned 8 years, including 8 seasons of viral infec-
tions. Given our sample size, all adjusted regression mod-
els had adequate power to evaluate the chance of death and 
ICU admission outcomes (24).

Our study also has several limitations. The retrospec-
tive nature of this study makes the results vulnerable to 
unmeasured confounding. We accounted for temporal con-
founding due to influenza seasonality and for confounding 
by indication using validated measures of baseline mortal-
ity risk and comorbidity in the adjusted regression models. 
However, we did not capture acute vital signs and other 
nonlaboratory clinical data at the time patients sought treat-
ment, which may have influenced the outcomes we studied. 
Finally, the study was conducted by using data from a single 
academic center, which has implications for the generaliza-
tion of these results to other medical institutions. However, 
the tertiary care hospital in this study follows national and 
international recommendations for infection control prac-
tices, which reduces the likelihood that practices would be 
significantly different from other major medical centers.

Our results suggest that in this academic center during 
the study period, respiratory viral testing did not achieve 
the goals of reducing antibiotic prescriptions and other di-
agnostic tests, nor did it result in timely discontinuation of 

isolation precautions. Because the duration of isolation is 
not guided by the viral test result, one questions whether 
the process of viral testing is helping reduce viral infection 
transmission in the hospital. We could not assess infection 
transmission in this study, but future work is required in 
this area.

Our findings should encourage hospital administrators 
and infection control practitioners to reevaluate current 
practices, so that viral test results are used appropriately to 
modify subsequent treatments and guide provision of isola-
tion precautions. This study sets the foundation for further 
research to ensure that current policies and practices result 
in efficient resource utilization and prevent infection trans-
mission in hospitals.
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