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ABSTRACT Seasonal influenza virus causes significant morbidity and mortality each
year. Point-of-care (POC) testing using rapid influenza diagnostic tests (RIDTs), immu-
noassays that detect viral antigens, are often used for diagnosis by physician offices
and urgent care centers. These tests are rapid but lack sensitivity, which is estimated
to be 50 to 70%. Testing by PCR is highly sensitive and specific, but historically
these assays have been performed in centralized clinical laboratories necessitating
specimen transport and increasing the time to result. Recently, Clinical Laboratory
Improvement Amendments (CLIA)-waived, POC PCR influenza assays have been de-
veloped with �95% sensitivity and specificity compared to centralized PCR assays.
To determine the clinical impact of a POC PCR test for influenza, we compared anti-
microbial prescribing patterns of one urgent care location using the Cobas LIAT In-
fluenza A/B assay (LIAT assay; Roche Diagnostics, Indianapolis, IN) to other urgent
care centers in our health system using traditional RIDT, with negative specimens
being reflexed to PCR. Antiviral prescribing was lower in patients with a negative
LIAT PCR result (2.3%) than in patients with a negative RIDT result (25.3%; P �

0.005). Antivirals were prescribed more often in patients that tested positive by LIAT
PCR (82.4%) than in those testing positive by either RIDT or reflex PCR (69.9%; P �

0.05). Antibacterial prescriptions for patients testing negative by LIAT PCR were
higher (44.5%) than for those testing negative by RIDT (37.7%), although the differ-
ence was not statistically significant. In conclusion, having results from a PCR POC
test during the clinic visit improved antiviral prescribing practices compared to hav-
ing rapid results from an RIDT.
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Influenza is an important cause of mortality and morbidity worldwide with up to
500,000 deaths annually (1). Clinically, influenza is often diagnosed by combining

presenting symptoms, physical examination, and local patterns of influenza-like illness
(ILI), but such diagnoses are often inaccurate (2–4). A laboratory confirmation of
infection aids in the initiation of early and appropriate antiviral therapy, reduces
unnecessary antibacterial use, and impacts social stability during seasonal outbreaks
and pandemics of influenza (5, 6).

Rapid influenza diagnostic tests (RIDTs) are the mainstay of point-of-care (POC)
testing due to their ease of use and prompt availability of results in less than 20 min.
Unfortunately, these assays have demonstrated poor performance. A recent meta-
analysis of 159 studies evaluating 26 RIDTs yielded a pooled sensitivity of only 62.3%
(95% confidence interval [CI], 57.9 to 66.6%) (7). In addition, a negative test result is
often unreliable with negative likelihood ratios as low as 0.38 (CI, 0.34 to 0.43) (7).
Reverse transcription PCR (RT-PCR; here by referred to as PCR) assays have become the
gold standard for diagnosis of respiratory viral infections with improved sensitivity and
reduced turnaround time compared to viral culture; their performance characteristics
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have also been found to be significantly better than RIDTs, which are preferred as POC
tests (8). Traditionally, PCR assays have been performed at a centralized laboratory due
to the high level of technical skills and sophisticated instrumentation required for
testing. Specimens are often processed in batches and, along with transportation time,
this leads to a delay in the availability of results which can exceed 24 h. Current
guidelines recommend that antivirals should be initiated within 48 h of onset of
symptoms, and within this window period early initiation increases the medication’s
efficacy (9, 10). Therefore, in the urgent care setting, influenza PCR testing in centralized
laboratories has very little impact on the management of patients, contributing to the
continued use of RIDTs despite their suboptimal performance.

Recently the U.S. Food and Drug Administration has cleared several Clinical Labo-
ratory Improvement Amendments (CLIA)-waived, POC PCR assays for the detection of
influenza A and B viruses. One such assay, the Cobas LIAT Influenza A/B assay (LIAT
assay; Roche Diagnostics, Indianapolis, IN), is simple to perform, requiring 2 min of
hands-on time and a sample-to-answer turnaround time (TAT) of approximately 20 min.
Each instrument can run one test at a time, and the platform has the ability to be
interfaced to the laboratory information system for direct result reporting. The Cobas
LIAT Influenza A/B assay has been evaluated in multiple studies with demonstrated
sensitivity and specificity of �95% compared to moderate complexity PCR assays
(11–13).

We implemented the LIAT assay at one urgent care center and compared antimi-
crobial prescribing for respiratory disease to the other five urgent care centers in our
system that continued to use POC RIDT for the detection of influenza A and B. We
hypothesized that using a highly sensitive POC PCR assay for detection of influenza
with results available within the time frame of the patient visit would result in more
appropriate antimicrobial prescribing practices.

MATERIALS AND METHODS
Study setting and design. This retrospective study from January through June 2017 included

patients that visited urgent care centers that are a part of NorthShore University HealthSystem and were
tested for influenza during this period. This four-hospital health care organization in suburban Chicago
has more than 100 physician offices and six urgent care centers. All of the urgent care centers have a
common medical and administrative leadership. Each urgent care is located in a medical office building
that houses not only the urgent care office but other family medicine and specialty care offices. The
urgent care facilities have between three and four exam rooms and are usually staffed by one physician
at a time with a nurse practitioner or physician’s assistant providing additional support at peak times. All
sites have a laboratory/phlebotomy area in the building where specimen collections and POC testing are
performed by phlebotomists, and these laboratory sites are under the supervision of the Department of
Pathology and Laboratory Medicine. Patients receive POC testing at the urgent care labs only when it has
been ordered by a provider. These sites currently do not perform testing for any symptoms prior to being
admitted to an exam room.

The study was approved by the Institutional Review Board at NorthShore University HealthSystem as
a waived study.

Point-of-care testing algorithm. The testing algorithm is shown in Fig. 1. At urgent care site B,
patients were tested using the LIAT assay at the phlebotomy service center located on site, and this was
performed by phlebotomists that had been trained to use POC tests. The results were reported
immediately to the clinician, and no confirmatory testing was performed.

At all of the other five urgent care sites (referred to collectively as urgent care site A) patients were
tested using the Quidel QuickVue Influenza A�B assay (RIDT assay; Quidel Corp., San Diego, CA).
Negative specimens were further evaluated by batched reflex confirmatory testing by PCR using the
Simplexa Flu A/B RSV assay (Diasorin Molecular LLC, Cypress, CA) performed at our centralized clinical
laboratory.

Both RIDT and LIAT assays were performed on nasopharyngeal swabs collected from patients
presenting to the urgent care center. The swabs were placed in universal transport media (UTM; Becton
Dickinson, Sparks, MD) after collection and, in the event of a negative RIDT result, the UTM was
transported to the centralized laboratory for confirmatory PCR testing.

Data collection and analysis. A retrospective chart review was performed for all patients tested by
the LIAT assay, and all patients tested using RIDT were also reflex tested by PCR. Demographic data,
influenza testing results, and antimicrobial prescription records were reviewed and recorded.

Antimicrobial prescribing data were collected for (i) patients that received oseltamivir and (ii) patients
that received an antibacterial agent recommended for upper respiratory tract infections as per a
physician note in the chart. Prescriptions of antibacterial agents for reasons other than a respiratory tract
infection, such as for a wound infection, were excluded from the analysis.
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The antimicrobial prescription, the clinical diagnosis, and the result of the POC testing in patients
visiting urgent care site A were compared to those for patients visiting the other urgent care sites.
Statistical significance was assessed using a Pearson’s �2 test. All data processing and statistical analysis
were performed in Excel or R version 3.4.4 (14).

RESULTS

A total of 620 patients were enrolled in the study with 378 in site A and 242 in site
B. Patient demographics were comparable as outlined in Table 1. The median turn-
around times for specimen collection to result verification for the POC tests were 16
min (95% CI, 5 to 29 min) for the RIDT and 29 min (95% CI, 21 to 59 min) for the LIAT.
The median turnaround time for the reflex PCR performed at our centralized clinical
laboratory was 21 h (95% CI, 5 to 28 h).

At urgent care site A, 378 patients were tested by RIDT and 133 (35.2%) tested
positive for influenza. Upon reflex testing, however, an additional 70 patients were
determined to be positive by PCR (40 positive for influenza A and 30 positive for
influenza B), yielding an overall positivity rate for influenza at site A of 53.7% and a
negative predictive value for RIDT of 71.4% (95% CI, 65.2 to 76.9%) (Table 1). At urgent
care site B, 242 patients were tested by LIAT, and 114 (47.3%) tested positive for
influenza (Table 1). The positivity rate of influenza in the urgent care centers A and B
were similar when total number of positive patients (RIDT and PCR) was considered
(P � 0.1); however, if RIDT alone was considered, the positivity rate for influenza was
significantly higher at site B compared to site A (P � 0.003).

Antimicrobials (including antivirals and antibiotics) were prescribed in 395 (63.7%)

Patients included in 

the study (n=620)

Urgent Care Site A

      (n=378)

RIDT Performed

Result reported at 

office visit. No further 

testing

LIAT Performed

 Positive for Influenza A/B
 Negative 

Preliminary result provided

Reflex PCR testing performed at 

central lab, follow-up results in 24-48h

 Positive for Influenza A/B  Negative 

Result reported at 

office visit. No further 

testing

Result reported at 

office visit. No further 

testing

Urgent Care Site B

      (n=242)

FIG 1 Influenza testing protocols.

TABLE 1 Patient characteristics, prescriptions and testing results using POC testing and reflex PCRa

Characteristic

RIDT LIAT

PFlu A (n � 81) Flu B (n � 52) Negative (n � 245)b Flu A (n � 63) Flu B (n � 51) Negative (n � 128)

Age, mean (range) 36.0 (0.5–81.0) 29.2 (1.7–90.4) 45.9 (2.8–94.5) 41.0 (5.1–88.3) 32.8 (2.6–93.7) 41.3 (0.7–86.3) NS
Male (%) 40.7 42.3 40.0 39.7 47.1 37.5 NS
Antivirals prescribed (n) 67 32 42 47 38 3
Antibiotics prescribed (n) 0 1 70 2 3 57
Both prescribed (n) 0 4 20 5 4 0
None prescribed (n) 14 15 113 9 6 68
Reflex PCR positive (n) NA NA 70 NA NA NA
an, number of patients. NS, not significant; NA, not applicable.
bReflexed to PCR. Median TAT to PCR results: 20.2 h (1.8 – 64.2 h).
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patients that visited the urgent care centers for ILI, with 166 (26.7%) patients receiving
antibiotics either alone or in combination with antiviral agents. When a result was
available at the time of visit, patients that were positive for influenza by LIAT assay were
prescribed antiviral medications 82.4% of the time compared to 77.4% of patients
prescribed antivirals following positive RIDT testing (not significant [NS]) (Table 2).
Patients testing positive by either RIDT or PCR were prescribed antivirals 69.9% of the
time, which is significantly less than the LIAT group (P � 0.05). Only 2.3% of patients
that tested negative for influenza received antivirals following LIAT testing compared to
13.1% of patients testing negative for influenza by RIDT and reflex PCR (P � 0.005)
(Table 2).

Antibiotic prescribing was not statistically different between the LIAT and RIDT with
reflex PCR groups. For patients testing influenza negative by LIAT, 57 of 128 (44.5%)
patients received an antibiotic as opposed to 66 of 175 (37.7%) in the RIDT with reflex
PCR group (NS; P � 0.2) (Table 2). Antibiotic prescribing was not significantly different
between patients testing positive for influenza by LIAT and RIDT with reflex PCR group,
with 12.3 and 14.3%, respectively, receiving antibiotics (Table 2). Antibiotics prescribed
in the two groups were similar, with �80% being azithromycin or a combination of
amoxicillin and amoxicillin/clavulanate. The specific antibiotics prescribed were azithro-
mycin (49.5%), amoxicillin (22%), amoxicillin/clavulanate (16%), doxycycline (10.5%),
and penicillin (1%) in the RIDT group and azithromycin (47%), amoxicillin (14%),
amoxicillin/clavulanate (21%), doxycycline (4%), levofloxacin (13%), sulfamethoxazole/
trimethoprim (6%), and cefdinir (1%) in the LIAT group (three patients in LIAT group
received more than one antibiotic).

DISCUSSION

Our study was designed to measure the effect of POC PCR testing for influenza on
antimicrobial prescribing practices compared to that of traditional RIDTs in an urgent
care setting. Specifically, we measured the impact of the LIAT assay, a CLIA-waived, PCR
assay that requires only 2 min of hands-on time, with a total run time of �20 min, and
which is designed for POC use. The assay has �95% sensitivity and specificity compared
to traditional influenza PCR assays, which negates the need for PCR confirmation of
negative results. Because our LIAT assay results were available within a median time of
29 min, clinicians had laboratory results available during the patient visit which they
could use to determine whether an antiviral or antibacterial prescription was war-
ranted.

LIAT testing resulted in a 12.5% increase in antiviral prescriptions for patients with
positive results, from 69.9% with RIDT and reflex PCR to 82.4% with LIAT. On the other
hand, only 2.3% of patients that tested negative by LIAT were prescribed antiviral
medication compared to 13.1% using the RIDT with the reflex PCR method. Both were
statistically significant improvements in prescribing patterns. Our results suggest that
the higher sensitivity and negative predictive value provide confidence in the test
results provided during the patient encounter, thus positively impacting antimicrobial
stewardship. Antibacterial use was similar in patients that tested influenza positive by
LIAT and RIDT with reflex PCR yielding 12.3 and 14.3%, respectively. These data are in
agreement with a recent study evaluating the use of POC RT-PCR testing and its impact
in the care of patients in the emergency department that found the rapid assays
impacted patient management in 61% of cases, with the greatest impact being in
antimicrobial stewardship (15).

TABLE 2 Comparison of antimicrobial prescriptions based on POC and batched PCR test resultsa

Patient group

Negative results: Positive results:

At visit (RIDT)
After visit
(RIDT�PCR) At visit (LIAT) P At visit (RIDT)

After visit
(RIDT�PCR) At visit (LIAT) P

% with antiviral prescription 25.3 (62/245) 13.1 (23/175) 2.3 (3/128) �0.005† 77.4 (103/133)* 69.9 (142/203)A 82.4 (94/114)B* �0.05(A vs B)

% with antibiotic prescription 36.7 (90/245)* 37.7 (66/175)* 44.5 (57/128)* 3.8 (5/133)C 14.3 (29/203)* 12.3 (14/114)D* �0.05(C vs D)

a*, The difference between these groups was not statistically significant; †, the P value shows the comparison of both groups (RIDT and RIDT�PCR) to LIAT.
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Of patients testing negative for influenza in our study, those tested by LIAT received
antibacterials more frequently than those tested by RIDT (44.5% versus 37.7%). While
the difference was not statistically significant, this observation is different than a recent
randomized controlled trial that measured the impact of a multiplexed molecular POC
PCR for a broad range of respiratory viruses. This study performed in hospitalized adults
found that while the assay provided a faster TAT for results, the numbers of patients
placed on antibacterials were similar, regardless of the results of the assay (83% versus
84%). This study was performed in the hospital setting where antibiotics might have
been administered to patients after they were admitted and were likely more ill, as
opposed to our study where patients were sent home with prescriptions for oral
antibiotics. However, the study did find that an increased proportion of patients in the
positive group (i.e., patients with a respiratory viral infection) received shorter antibac-
terial courses (16). Since our study was performed in an outpatient setting, we were
unable to extract data regarding discontinuation of antibiotics. Future studies in the
outpatient setting should focus on antibacterial use to determine whether the nonsig-
nificance observed in our study is due to the limited cohort size or whether there was
truly no difference.

There are several studies that have measured the impact of performing influenza
testing compared to diagnosis by symptoms alone on the management of patients
with influenza during emergency department visits. The results of these studies are
variable. In children, the use of POC antigen testing has been shown to reduce the
number of additional tests performed (including chest X-rays, blood cultures, procal-
citonin tests, and respiratory viral panel PCRs, among others), as well as reduce
antibiotic prescriptions and length of hospital stay. In adults, the discontinuation of
antibiotics was increased for patients that tested positive for influenza by RIDT, but the
hospital length of stay was not significantly different regardless of the influenza testing
result (17, 18). McCulloh et al. investigated antiviral prescribing practices in children
with influenza-like illness using a conventional PCR assay (19). These researchers found
that patients that were positive for influenza by PCR were prescribed more oseltamivir
than those that tested negative (76.9% versus 18%), but discontinuation of empirically
prescribed oseltamivir was not associated with a negative influenza test, which was
attributed to a 20-h TAT for the respiratory viral panel testing used in their study.
Finally, RIDTs for influenza have been shown to reduce the ordering of additional tests
and reduce the number of antibiotic prescriptions (20, 21).

Outside patient age and gender, as outlined in Table 1, multiple study characteristics
were analyzed to ensure comparability between our two urgent care sites. Ordering
provider training was compiled and found to be similar in both groups, with �75% of
patients in both groups being seen by a physician board certified in either family
medicine, emergency medicine, or internal medicine. The only apparent difference is
that significantly more patients were seen by a physician board certified in pediatrics
in the LIAT group and, upon further analysis, this was attributable to one active
physician that only practices at that site. In addition, to help control for differences in
provider practice, we analyzed how frequently patients were seen by a physician that
provided care at both sites. This showed that of the 620 patients in the study, 445 or
72% were seen by a provider that saw patients at both locations. Finally, all sites
showed a similar distribution for insurance payers, with 21% having either Medicare or
Medicaid, and 83% of all patients had previously been seen at our health system in
some capacity (data in this paragraph are not shown in the tables).

Future studies measuring the economic impact of POC molecular testing in outpa-
tient setting are warranted. Although LIAT testing is more expensive than RIDTs alone,
the cost to the patient is comparable to that of RIDT plus a confirmatory PCR test. In
addition, in our study a majority of these patients (�90%) with positive results on reflex
testing received calls from their physician’s office to inform them of their test results
and often received their antiviral prescription during this follow-up call. Therefore, in
patients that need a reflex PCR testing additional logistic and clinical expenses such as
transport to the lab, management of orders and specimens, and administrative tasks
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pose a significant economic impact on laboratory testing and clinical care. For our RIDT
site, 65% of the specimens were negative and required confirmatory PCR testing at our
centralized clinical laboratory.

Our study is limited in that this was a retrospective study and the LIAT assay was
used at a single urgent care center during a single influenza season. While we
attempted to select similar urgent care facilities for LIAT and RIDT testing sites, we
could not completely control for differences in physician practices between the centers.
Testing was only performed for influenza, so it is unknown whether patient symptoms
were due to other respiratory viruses. In addition, patients with positive RIDTs were not
confirmed by PCR, so the false-positivity rate for influenza in our study is unknown.
Several other studies, however, have evaluated the Quidel QuickVue A�B assay and
found it to have specificities greater than 97% for influenza A and B compared to
RT-PCR (22–24). Based on this, we would estimate around seven false positives in our
patient cohort. This number of false positives was modeled in our data set, and we
found that it did not affect the statistical significance of our study conclusions. Future,
prospective studies, including larger patient cohorts, would be useful in studying the
clinical and economic impact of POC testing in the management of influenza, especially
with regard to antimicrobial stewardship.

We do not have follow-up data on patients after their urgent care visit, including
prescription discontinuation, patient outcomes, hospital admissions, or emergency
department visits, for either the LIAT or the RIDT group. Patients with positive RIDTs
were not confirmed by PCR, so the false-positivity rate for influenza in our study is
unknown. Future prospective studies that include larger patient cohorts would be
useful in studying the clinical and economic impact of POC testing in the management
of influenza especially with regard to antimicrobial stewardship.

Conclusion. To the best of our knowledge, there are no studies that have investi-
gated the impact of POC molecular assays in the management of ILI in urgent care
settings. We found that the use of a highly sensitive and specific POC PCR test for
influenza detection led to higher antiviral prescribing in positive patients (82.4% versus
69.9%) and decreased use in negative patients (2.3% versus 13.1%) compared to the
RIDT with reflex PCR. For patients who tested negative for influenza, we saw a slight,
but nonsignificant increase in antibiotic use. The availability of rapid tests with high
levels of sensitivity and specificity enables clinicians to have greater confidence in these
timely results, in turn facilitating more appropriate prescribing patterns and overall
improved antimicrobial stewardship. The potential impact on patient care may justify
the added cost of performing PCR assays on site. Future studies are needed to
investigate additional clinical and economic impacts of POC PCR for influenza in this
and other patient care settings.
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