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able to detect common viral and bacterial pathogens using polymerase chain reaction
technology. Utility may be further enhanced in conjunction with procalcitonin (PCT).
However, the optimal use of the RVP to the clinical pharmacist in the treatment of
community-acquired respiratory infections remains unclear.

Methods: The purpose of this guide is to review the available literature regarding the
impact of the RVP with and without procalcitonin on antimicrobial stewardship ef-
forts and to provide guidance on how to use each of these tools.

Results and Discussion: In total, 13 studies were included, 5 of which utilized PCT in
conjunction with RVP and 8 of which did not use PCT. The majority of studies were
retrospective in nature, and the most common outcomes evaluated were antibiotic
days of therapy (DOT) and time to antibiotic discontinuation.

What is New and Conclusion: After review, RVP alone has limited value to antimicro-
bial stewardship; however, when used in conjunction with procalcitonin, RVP has the

potential to reduce antibiotic use and duration.
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1 | WHAT IS KNOWN AND OBJECTIVE

In 2014, a Presidential Executive Order was issued to combat anti-
biotic-resistant bacteria based on morbidity and mortality data from
The Centers for Disease Control and Prevention (CDC). This docu-
ment outlined the public health and economic impact of antibiotic
resistance and emphasized combating antibiotic-resistant bacteria
as a national security priority. The report also detailed antibiotic
stewardship (ASP) tools, with a particular emphasis on surveillance
efforts and rapid diagnostic technologies.!

While progress has been made in efforts to decrease the in-

appropriate use of antibiotics in the United States, more action is

needed to combat the growing numbers of antibiotic-resistant in-
fections. It is estimated that antibiotic-resistant bacteria and fungi
cause an estimated 2,868,700 infections and 35,900 deaths annu-
ally. Additionally, antibiotics are associated with adverse effects,
such as Clostridioides difficile infections, antibiotic-associated diar-
rhoea and cardiac abnormalities. The most recent CDC Antibiotic
Resistance Threats reported an annual rate of 223,900 cases and
12,800 deaths from Clostridioides difficile in the United States.?

The CDC released an updated version of the core elements to
hospital ASPs in 2019. This report highlighted community-acquired
pneumonia as one of the top 3 disease states with the greatest op-

portunities to improve prescribing. Specific interventions include
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improving diagnostic accuracy, tailoring therapy to culture results
and optimizing duration of treatment. Upper and lower respiratory
infections have historically been a major challenge for ASPs due to
the complexity of comorbidities that are often associated with these
infections. Chronic obstructive pulmonary disease (COPD) exacerba-
tions and acute decompensated heart failure exacerbations can mimic
pneumonia on chest X-ray (CXR). Viral diagnostics and/or procalcitonin
(PCT) are specifically referenced by the CDC as tools to be utilized to
identify patients for whom antibiotics can be stopped. The respiratory
viral panel (RVP) is a multiplex polymerase chain reaction test that can
quickly identify multiple viruses, including influenza, parainfluenza,
coronavirus, adenovirus, human metapneumovirus, human rhinovirus/
enterovirus and respiratory syncytial virus. Additionally, the RVP can
detect 4 bacteria, including Bordetella pertussis, Bordetella parapertussis,
Chlamydophila pneumoniae and Mycoplasma pneumoniae. The panel is
set up to provide timely information to guide clinician decision-making
in both the inpatient and outpatient settings when used with or with-
out PCT.2 Of note at the time of this writing, the coronavirus identified
by the RVP is not the 2019 novel coronavirus (COVID-19). As such, the
aim of this review is to discuss the literature regarding ASP and RVP

and to make recommendations on optimal use.

2 | METHOD

A PubMed and Google Scholar search from 2014 to May 2020 was
conducted using the following keywords or search terms: respiratory
AND viral AND panel AND stewardship, polymerase chain reaction,
and respiratory viral panel. The start date for article selection of 2014
was selected based on the 2014 Presidential Executive Order which
was issued highlighting the need for antimicrobial stewardship given
the rise of antibiotic-resistant bacteria and the emphasis on utility of
rapid diagnostics to curb inappropriate antimicrobial use. Additional
references were identified from a review of references of initially in-
cluded articles to ensure thorough and complete inclusion of relevant
articles. After articles were identified by the investigators, they were
vetted by the investigator team collaboratively to ensure agreement
on article inclusion. Articles evaluating exclusively paediatric patients
were excluded. Given the volume of data recovered, case reports and

case series were also excluded from the review.

3 | RESULTS AND DISCUSSION

There were 13 studies included, 5 of which utilized PCT in conjunction
with RVP and 8 of which did not use PCT. The majority of studies were
retrospective in nature, and the most common outcomes evaluated were

antibiotic days of therapy (DOT) and time to antibiotic discontinuation.

3.1 | Studies without procalcitonin

Table 1 provides a summary of studies evaluating the utility of RVP

on ASP efforts without the concomitant use of PCT.

In 2016, Yee and colleagues published their retrospective cohort
study evaluating the impact of a positive RVP on patients present-
ing to the emergency department during the 2013-2014 influenza
season. Patients were divided into one of three categories: influ-
enza-positive, influenza-negative RVP-positive and RVP-negative.
There were no significant differences in the baseline characteristics
between group, and the majority of patients had at least one co-
morbid condition and were diagnosed with a community-acquired
infection. The authors noted that a negative RVP resulted in empiric
oseltamivir discontinuation in 66% of patients. Furthermore, antibi-
otics were empirically initiated in 66.1% of patients with a negative
RVP, in 70% of patients with a non-influenza-positive RVP, and in
70.6% of patients with an influenza-positive RVP. Upon obtaining
RVP results, antibiotics were continued in 84.5% of RVP-negative
hospitalized patients and in 75% of RVP-positive patients. This study
showed positive results for antiviral management as a result of RVP
results but did not show favourable results for ASP. The small study,
lack of bacterial culture data, lack of specific comorbidity data, lack
of a non-RVP control group and lack of statistical or power analysis
of outcomes limit the applicability of this study to broader practice.

Choi and colleagues evaluated the effects of transitioning from
RVP utilizing PCR technology to a rapid respiratory viral panel (rapid
RP) on duration of antibiotic use and length of stay (LOS) in 140
adult hospitalized patients in a retrospective chart review. The main
differences between the two tests include a higher sensitivity and
faster turnaround time with the rapid RP test. Patients who received
antibiotics within 30 days prior to study initiation and those who had
not completed antibiotics by the end of the study period were ex-
cluded. Baseline characteristics were well-balanced with the excep-
tion of significantly more immunocompromised patients in the RVP
group than the rapid RP group (35.7% vs 18.6%, p = 0.036). Neither
the duration of antibiotics nor total hospital LOS were significantly
different between groups [(4 days vs 5 days, p = 0.8), (4.5 days vs
5 days, p = 0.78)]. The lack of significant difference in days of anti-
biotic therapy persisted in a subgroup analysis of patients with pos-
itive test results (5 days vs 2 days, p = 0.13). Ultimately, this study
did not demonstrate a significant difference in antibiotic prescribing
or duration between groups; however, the study was not designed
to evaluate the benefit or drawback to adding rapid diagnostic test-
ing at a healthcare system. Additionally, a power calculation was not
completed by the authors, but the study was likely underpowered to
detect a significant difference between groups.5

Lowe and colleagues performed a quasi-experimental study to
assess the impact of a targeted ASP intervention for viral RTIs pre-
and post-intervention. The authors implemented a prospective audit
and feedback intervention in adult inpatients with a positive respira-
tory PCR admitted in two acute tertiary care hospitals, and a historic
comparator group was used as the control. There were no significant
differences in the baseline characteristics between groups, and the
majority of patients in both cohorts had a CURB-65 score of 0-1. The
prospective cohort had, on average, 1.3 fewer days of antibiotics
(2.8 days vs 4.1 days, p < 0.01). Furthermore, an accepted ASP rec-
ommendation within the prospective cohort was associated with 3.6
fewer antibiotic days (5.6 days vs 2.0 days, 95% Cl 2.1-5.2, p < 0.001).
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Oseltamivir discontinuation upon receipt of an influenza-negative
RVP results was consistent between groups (89% vs 88%, p = 0.91).
The prospective cohort had significantly more oseltamivir initiation
upon influenza-positive RVP result (95% vs 72%, p = 0.03). This study
showed positive results in ASP and antiviral management. Limitations
to this study include its small sample size and low proportion of med-
ically ill patients, as evidenced by the low CURB-65 score.®

Semret and colleagues completed a secondary analysis of data
collected for influenza surveillance of patients who had been hospi-
talized for at least 24 h and on whom an RVP was collected. Additional
eligibility criteria included acute respiratory tract infection, exacer-
bation of COPD or asthma, unexplained sepsis, and influenza-like
symptoms. Patients were excluded if the RVP was collected >7 days
after symptom onset, if the infection was hospital-acquired, or if the
patient was admitted secondary to a non-respiratory tract infection.
The primary was a change in antimicrobial administration after RVP
results. Cox proportional hazards model was employed to adjust for
RVP findings, Charlson comorbidity index, and suspicion of pneu-
monia. Enrolled patients were broken up into three analysis groups:
influenza virus-positive, other virus-positive and virus-negative. In
patients who received empiric antibiotics with and without suspi-
cion of pneumonia, antibiotics were discontinued in 37% and 47%,
respectively, once RVP testing was completed and influenza was iso-
lated. In non-influenza virus-positive patients, antibiotics were dis-
continued in 20% of patients with pneumonia and in 57% of patients
without pneumonia, based on RVP results. Unsurprisingly, influenza
virus-positive RVP was significantly associated with oseltamivir use
(OR 9.38, 95% Cl: 4.48-19.61). After adjustment for confounders,
the presence of an influenza-positive RVP was not associated with
a significant discontinuation rate of antibiotics (OR 1.38, 95% ClI:
0.89-2.16). In patients with a CXR suggestive of pneumonia, anti-
biotics were significantly less likely to be discontinued upon receipt
of a positive RVP (OR 0.61, 95% Cl: 0.41-0.93). This study strongly
implicates the utility of an RVP for antiviral initiation and steward-
ship; however, its association with ASP is less clear. Limitations of
this study include its non-randomized design, lack of microbiologic
data and focus on immediate (within 48 h) antimicrobial change.”

May and colleagues completed a prospective, pilot randomized
trial in 194 patients designed to assess the impact of the RVP on ASP
efforts. Patients >12 years old with symptoms of an URI or influen-
za-like illness who were not already on antibiotics prior to enrolment
were included. Patients who were receiving antibiotics at the time
of enrolment or who were expected to leave before multiplex test
results were available were excluded in the study. While the RVP nu-
merically reduced antimicrobial prescribing (22% vs 34%, p = 0.06),
this result did not reach statistical significance. However, the authors
were unable to enrol the necessary 304 patients required to achieve
80% power, and, as such, type Il error may be present in this study.8

Srinivas and colleagues published their retrospective quasi-ex-
perimental study in 163 adult patients detailing the stewardship
impact of the RVP pre- and post-ASP intervention. Patients with
a documented bacterial infection were excluded from the analy-

sis, and included patients were matched based on age and type of
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respiratory virus identified. ASP alerts were generated based on the
presence of a positive RVP plus meropenem, piperacillin/ tazobac-
tam, aztreonam, ampicillin, ampicillin/ sulbactam, levofloxacin, azith-
romycin, ceftriaxone, cefepime or doxycycline being on the patient
profile. The post-intervention group was significantly older than
the pre-intervention group (67.4-13 vs 61.7-4, P = 0.008), while
the pre-intervention group had significant more infectious disease
consults during the admission (29% vs 14%, p = 0.02). Ultimately,
there was no significant difference in time to antibiotic de-escalation
between groups (2.7 days vs 2.33 days, p = 0.88); however, the me-
dian time to initiation of oseltamivir was significantly shorter in the
post-intervention group (3.6 days vs 11.3 days, p = 0.02). Limitations
of this study include its retrospective nature and small sample size.
While this study does not support the use of RVP as an ASP tool, it
does support the panel's antiviral utilization impact.’

Weiss and colleagues completed a retrospective cohort study in
adult patients with International Statistical Classification of Disease
and Related Health Problems, 10th edition (ICD-10) codes for lower
respiratory tract infections (LRTI) who received either an RVP or re-
spiratory pathogen panel (RPP). The primary difference between the
two tests used in this study is the time to results (RVP, 12-72 h vs
RPP, <4 h) and a higher number of atypical bacteria detected in the
RPP. Importantly, there were differences between groups as there
were more patients with asthma in the RPP group (23.1% vs 12.7%,
p = 0.027) and more intensive care unit (ICU) patients in the RVP
group (27.3% vs 17.5%, p = 0.039). In patients with an unremark-
able CXR, antibiotic prescribing was lower in the RPP-positive group
than in the RVP-positive group (44.5% vs 68.9%, p = 0.013) but there
was no difference between groups in patients with an abnormal CXR
(95.4% vs 89.6%, p = 0.187). Additionally, in patients with both un-
remarkable and remarkable CXRs, fewer patients received antibiot-
ics prior to test results in the RPP-positive group [(54.7% vs 96.8%,
p =0.0007),(81.6% vs 100%, p < 0.001)]. The total duration of antibi-
otic days was not significantly different between groups, regardless
of CXR status. This study highlights the significant impact of rapidity
of test results with ASP. Limitations of the study include lack of a
negative control group, provider preference on when to order RVP
or RPP, and no third-party evaluation of CXRs. Ultimately, this study

further advocates for rapid test results as an important ASP tool.°

3.2 | Studies utilizing procalcitonin

Timbrook and colleagues published a retrospective single-centre
study in 2031 adult patients with a respiratory infection and either
RVP or PCT within the first 72 h of presentation to the hospital.
Patients with cystic fibrosis (CF), a positive bacterial culture, or
COPD were excluded. The primary objective of this study was to
determine the frequency of change to empiric antimicrobial ther-
apy once the results of RVP and PCT were known. Patients were
divided into three groups for analyses: PCT <0.25 mcg/L, positive
RVP, PCT <0.25 mcg/L and positive RVP. There were no significant

differences in the baseline characteristics between groups, and the
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authors found that 789 patients (38.8%) had stewardship opportuni-
ties available within the first 72 h of result availability. Of the 307
patients who were prescribed antibiotics, 60 (19.5%) had antibiotics
discontinued upon result availability. While this study certainly sug-
gests the potential utility of RVP in conjunction of PCT as a steward-
ship tool, comparative statistics were not utilized, which does limit
the utility of the study results. Additionally, the exclusion criteria
make this study less generalizable to patients with COPD, a patient
population that is commonly prescribed respiratory antibacterial
agents. Finally, timing of antibiotic administration in relation to the
time of RVP or PCT results was not evaluated.*!

Keske and colleagues published their retrospective chart review
of 1317 patients with an influenza-like illness aimed to demonstrate
the impact of rapid diagnostics on antibiotic use. Adult patients with
RVP wereincluded, and PCT was included for patients with suspicion
of a bacterial infection and/or who were deemed critically ill. At least
one virus was detected in 747 patients (57%), and antibiotics were
deemed inappropriate in 160/359 (45%) of inpatients. Ultimately,
the use of a RVP did reduce inappropriate antibiotic use in the inpa-
tient setting after implementation (51.3% vs 39.3%, p = 0.024); how-
ever, this impact appears to have been driven by the data collected in
children (44.5% vs 28.8%, p = 0.009) versus by the adult population
(72% Vs 63%, p = 0.36). Notably, mean duration of inappropriate
antibiotic use was significantly reduced in both children and adults
in the inpatient setting [(6.5 days vs 2 days, p < 0.001), (7.3 days vs
3.7 days, p = 0.007)]. This study highlights the impact that the RVP
can have on inappropriate antibiotic use in children, but did not show
significant results in the adult population. Furthermore, inconsistent
PCT use and no discussion of baseline characteristic differences be-
tween groups make this study less generalizable. Finally, it was not
clearly discussed in the article how antibiotics were deemed appro-
priate or inappropriate.*?

Moradi and colleagues performed a quasi-experimental study
at 5 hospitals analysing the impact of an electronic medical record
(EMR) Best Practice Alert (BPA) for patients with a positive RVP,
PCT <0.25 ng/ml within 48 h of each other, and at least one ac-
tive systemic antibiotic. The BPA is designed to notify providers
of potential opportunities for ASP based on RVP and PCT results
and active antimicrobial orders. Paediatric patients and patients on
non-respiratory antibiotics were excluded. The post-BPA cohort had
a significantly higher mean Charleston comorbidity index score (4.8
vs 4.0, p < 0.001) and a shorter average length of ICU stay (5.0 vs
6.9 days, p = 0.043). Overall, days of antibiotic therapy were signifi-
cantly reduced in the post-BPA group (5.8 vs 8 days, p < 0.001) as
was mean days of therapy after BPA firing was significantly reduced
(4.5 days vs 6.3 days; p < 0.001). Furthermore, more antibiotics
were discontinued within 24 h of initiation in the post-BPA group
(37.8% vs 18.6%; p < 0.001), and fewer patients were discharged
on antibiotics (20.0% vs 47.8%; p < 0.001). This study highlighted
the significant impact of implementing a BPA based on RVP, PCT,
and antimicrobial orders on ASP. The use of PCT in conjunction with
RVP identified patients who were unlikely to benefit from contin-

ued antibiotics. The limitations of this study include utilization of a
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single health system and potential lack of generalizability, as well as
significantly different mean CCl between groups, and differences in
severity of the influenza seasons between the prospective and ret-
rospective groups.'®

Lee and colleagues completed a prospective twin-centre cohort
in 169 patients to determine the clinical impact of combining point
of care (POC) RVP and PCT levels on ASP compared to a pre-POC
RVP cohort. Patients 265 years presenting to the ED with acute re-
spiratory illness were included in the study. The authors defined a
negative PCT as <0.25 ng/ml. Baseline characteristics were well-bal-
anced between groups with the exception of a higher incidence of
chronic liver disease in the RVP/PCT group and a higher incidence
of COPD in the control group. The RVP/PCT group had significantly
higher rates of antibiotic de-escalation (21.9% vs 13.2%, p = 0.007),
shorter duration of intravenous antibiotics (10.0 days vs 14.6 days,
p = <0.001), and a shorter hospital LOS (14.0 vs 16.1 days, p = 0.03).
Neither 30 day nor in-hospital mortality was significantly different
between the groups [(10.1% vs 16.2%, p = 0.05), (13.8% vs 19.3%,
p =0.09).*

4 | WHAT IS NEW AND CONCLUSION

With the expansion of ASP tools, a review of the data support-
ing most appropriate use of these tools is necessary. The RVP has
served as a significant step forward in the rapid and accurate iden-
tification of respiratory pathogens and can guide clinicians in both
antibacterial and antiviral stewardship. However, the data utilizing
RVP alone are limited with minimal impact to ASP efforts. Benefits
were primarily seen with improved antiviral prescribing and a small
increase in de-escalation with less impact on antibiotic de-escalation
or discontinuation. However, when RVP is used in conjunction with
PCT, benefit in both antiviral and antibiotic was demonstrated. As
such, the most appropriate method to use RVP, from a stewardship
perspective, appears to be in tandem with PCT. The most commonly
used cutoff for a PCT that is considered not suggestive of a bacterial
pathogen is <0.25 ng/ml.*1314 Based on each of these considera-
tions, a decision-making guide is provided below (Figure 1) to guide
clinical pharmacists and providers on the best use of RVP and PCT.
This tool can be used in both the acute care and critical care settings
but may have less utility in the community setting based on outpa-
tient availability of rapid diagnostics in this setting.

There are limitations to this review that should be noted. First,
while there is rationale behind the cutoff date of 2014 and for the
study inclusion criteria, it is possible that studies published prior to
this date may have provided valuable information and that the inclu-
sion and exclusion criteria may have limited the number of included
studies. The use of PCT alone has been thoroughly evaluated from
an ASP perspective. As this review focuses primarily on the utility of
RVP, evaluation of PCT alone was outside the scope. Another lim-
itation is the lack of studies involving the use of RVP and C-reactive
protein (CRP). The use of CRP in acute exacerbations of COPD re-
duced antibiotic prescribing from 77.4% to 57% (adjusted odds ratio
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Draw PCT &
RVP
PCT<0.25 PCT >/=0.25
ng/mL ng/mL
RVP (-)
I ] I ]

N\ N\ N\ N\
Discontinue/ Consider Consider Repeat PCT in
do not initiate targeted alternative 6-12 hours if no
antibiotics antiviral diagnosis improvement

N

Consider discontinuing
antibiotics if PCT Drops to <
0.25 ng/mL / alternative
diagnosis established

FIGURE 1 Clinician decision-making guide for RVP and PCT. PCT, procalcitonin; RVP, respiratory viral panel

0.31; 95% ClI 0.2—0.47).15 However, utility of CRP in conjunction
with RVP has not been evaluated. Finally, COVID-19 has reshaped
the entire approach to evaluating respiratory tract infections. Data
reviewed here are specific for COVID-19-negative patients. The ap-
proach to evaluating COVID-19 patients is still evolving. Data from
COVID-19-negative patients may not be extrapolatable to COVID-
19 positive patients.

There are several limitations to the RVP when not used in con-
junction with other tools. Depending on the type of test utilized,
sensitivity and specific may vary. Rapid antigen detection tests typ-
ically provide rapid results, but also typically have lower sensitiv-
ity. However, assays that detect viral nucleic acids combine prompt
results with high sensitivity and specificity.'® Isolation of a respira-
tory virus does not eliminate the possibility of there being a bacte-
rial superinfection or a post-viral bacterial pneumonia. If one of the
commonly tested bacteria, Chlamydophila pneumoniae, Mycoplasma
pneumoniae, or Bordetella pertussis are isolated, an appropriate an-
tibiotic, most commonly azithromycin, should be added to target
those microbes.’” Additionally, a negative RVP does not eliminate
the possibility of a viral infection, as there are many more possible
viral causes of upper airway disorders than just what is presently
on the panel. The addition of PCT to the RVP certainly reduces
the likelihood of missing a bacterial coinfection. However, PCT
has its limitations as well. Several conditions and medications can
cause false-positive PCT values, including burns, trauma, surgery,
shock, renal insufficiency, and administration of monoclonal anti-

bodies. In contrast, false negatives can occur in patients who are

early in their infectious course, those with localized infections, and
those with subacute endocarditis.*® The utility of PCT use alone
in antimicrobial stewardship is outside of the scope of this review.
Ultimately, the decision to change antimicrobial therapy should not
be made based on any single laboratory value or marker, but in a
complete evaluation of the patient's overall picture.

Respiratory viral panel in conjunction with PCT can lead to
rapid de-escalation of antibiotics and initiation of targeted an-
tiviral therapy. Limitations do exist with these tools, and deci-
sions should be made in conjunction with the complete clinical
picture. However, given the benefits observed, clinicians should
consider utilization of RVP and PCT in the stewardship clinical

armamentarium.
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