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Abstract: Antimicrobial resistance is a growing public health crisis, propelled by inappropriate an-
tibiotic prescription, in particular the over-prescription of antibiotics, prolonged duration of antibi-
otic therapy and the overuse of broad-spectrum antibiotics. The paediatric population, in particular,
those presenting to emergency settings with respiratory symptoms, have been associated with a
high rate of antibiotic prescription rates. Further research has now shown that many of these anti-
biotic prescriptions may have been avoided, with more targeted diagnostic methods to identify un-
derlying aetiologies. The purpose of this systematic review was to assess the impact of rapid diag-
nostic testing, for paediatric respiratory presentations in the emergency setting, on antibiotic pre-
scription rates. To review the relevant history, a comprehensive search of Medline, EMBASE and
Cochrane Database of Systematic Reviews was performed. Eighteen studies were included in the
review, and these studies assessed a variety of rapid diagnostic testing tools and outcome measures.
Overall, rapid diagnostic testing was found to be an effective method of diagnostic antibiotic stew-
ardship with great promise in improving antibiotic prescribing behaviours. Further studies are re-
quired to evaluate the use of rapid diagnostic testing with other methods of antibiotics stewardship,
including clinical decisions aids and to increase the specificity of interventions following diagnosis
to further reduce rates of antibiotic prescription.

Keywords: antibiotics; antimicrobial resistance; paediatrics; rapid diagnostic testing; diagnostic an-
tibiotic stewardship; respiratory tract infections; paediatric emergency department

1. Introduction

Antimicrobial resistance (AMR) is a growing and complex public health concern ren-
dering once successful antimicrobial treatments ineffective [1]. Continued AMR, com-
pounded with a reduced number of new microbial agents, can diminish the medical ben-
efits of antimicrobial therapy thus increasing morbidity, mortality, and financial burden
within health-care systems [2]. Current evidence highlights antibiotic use and health-care
contact as the main drivers in AMR, particularly in multi-resistant bacteria, methicillin-
resistant Staphylococcus aureus, and antibiotic-resistant Escherichia coli [2].

There is an abundance of evidence exploring inappropriate antibiotic prescription,
in particular, the use of broad-spectrum antibiotics, over-use of antibiotics, excessive an-
tibiotic treatment duration and unnecessary antibiotic prescription, and its contribution
to AMR [1]. These inappropriate antibiotic prescribing behaviours are also associated
with increased risk of adverse side effects of antimicrobial agents as well as increased
medicalisation of typically self-limiting presentations [3]. In the acute-setting, appropriate
selection and administration of antibiotic therapy is often the role of an emergency-de-
partment (ED) practitioner, highlighting a potential intervention site for antibiotic stew-
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ardship [4]. Changes in practice including the reduction of unnecessary antibiotic pre-
scription for soft tissue and skin infections and viral upper respiratory tract infections
(URTIs), as well as encouraging the use of culture and sensitivity data prior to antibiotic
prescription have previously been recommended to improve antibiotic prescription be-
haviours [4].

Over-prescription of antibiotics in paediatric population has been identified as a
driver in AMR [5]. Within the paediatric population, factors including parental pressure,
medical liability in the context of potentially life-threatening bacterial infections, diagnos-
tic uncertainty and fear of increased morbidity and mortality have been attributed to this
pattern of over-prescription [6]. Acute respiratory infections are a leading cause of emer-
gency presentation for the paediatric population [7]. However, it has been found that in
children under 5 years of age, up to 66% of cases are due to viral infections [8]. Therefore,
antibiotics are being prescribed over double the required amount, encouraging increased
antibiotic side-effects and financial burden whilst accelerating AMR [9]. This evidence
highlights acute paediatric respiratory presentations in the emergency setting as a poten-
tial intervention site for antimicrobial stewardship programs (ASPs).

Current research shows that ASPs can be effective in improving antibiotic prescrib-
ing behaviours in the paediatric emergency setting [10]. Several methods of antibiotic
stewardship have been explored with rapid diagnostic testing showing great promise
however it requires further evaluation to determine its benefits and downfalls in clinical
practice [10].

This systematic review aimed to assess the efficacy of rapid diagnostic testing in im-
proving antibiotic prescribing behaviours for respiratory presentations in the paediatric
emergency setting. The primary outcome of the study was to assess whether the introduc-
tion of rapid diagnostic testing for paediatric respiratory presentations in the emergency
setting rendered an improvement in antibiotic prescription, in particular reduced rate of
prescription, duration of antibiotic therapy and dosing as well as increased use of narrow
spectrum antibiotics. We also assessed whether the implementation of rapid diagnostic
testing resulted in improved or comparable clinical outcomes in comparison to standard
care.

2. Materials and Methods

A systematic review was performed to identify primary journal articles that assess
the efficacy and safety of rapid diagnostic testing in managing antimicrobial stewardship,
whilst maintaining patient care. The Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines were used as a template when performing the
review.

2.1. Focused Question

Does the implementation of rapid diagnostic tests, for acute respiratory presentations
in the paediatric emergency setting, affect prescription rates, duration and dosage of an-
tibiotic prescriptions?

2.2. PICO Question

P (population): paediatric patients (aged 1 month — 18 years old) presenting to the
emergency department with respiratory symptoms;

I (intervention): rapid diagnostic testing;

C (comparison): usual care;

O (outcome): appropriate antibiotic prescribing, whilst maintaining patient care.
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2.3. Search Strategy

The literature review was conducted on 11 February 2022 across MEDLINE, EM-
BASE and the Cochrane Database of Systematic Reviews for publications from 1 January
2002 to 11 February 2022, including studies from the last twenty years. The search strategy
was discussed with a senior librarian and incorporated specific search terms including
‘paediatric’, ‘rapid diagnostic’, ‘emergency department’ and ‘antibiotics’. The complete
search strategy utilised for MEDLINE is included as Table Al. This search strategy was
then adapted for the remaining databases. An English-only language filter was used on
across all databases.

2.4. Eligibility Criteria
2.4.1. Inclusion

Articles were eligible for full-text review if they were primary articles, conducted in
the paediatric population presenting to the ED with respiratory symptoms, with clearly
defined rapid diagnostic testing methods as the main intervention and when antibiotic
prescribing behaviours were at least one of the reported outcomes. Studies comparing two
different rapid diagnostic testing methods were also included. Quantitative studies, such
as randomised controlled trials, cohort studies and before-and-after studies, were in-
cluded, as well as relevant systematic reviews for cross-referencing.

2.4.2. Exclusion

Articles were excluded if they were non-primary journal articles or grey literature.
Rapid diagnostic testing conducted in paediatric settings other than the ED were ex-
cluded. Studies including both adult and paediatric patients were excluded unless paedi-
atric-specific data could be extracted. Qualitative studies were also excluded.

2.5. Study Selection

The study selection process was conducted over three rounds. First, duplicate articles
were excluded. Title and abstracts of all studies were then screened, and for the relevant
studies full-text analysis was performed applying inclusion and exclusion criteria. The
study selection process was independently conducted by two authors (KW and PM) fol-
lowed by a meeting to discuss, and resolve, any discrepancies.

2.6. Study Quality and Risk of Bias

The quality of included articles was assessed using the Integrated Quality Criteria
for Systematic Review of Multiple Study Designs (ICROMS) tool [11]. Only articles that
met the minimum score and mandatory criteria were included in the study.

2.7. Data Extraction

Data extraction was conducted by KW from all included studies using a standardised
data extraction form, which summarised important study details including authors, pub-
lication year, study duration, study location, objectives, interventions, and key findings.

3. Results
3.1. Search Results

A total of 232 articles were identified across the three databases. Filters limiting the
search to studies published in English from 2002 to 2022 were applied. A total of 31 du-
plicates were removed, leaving a total of 201 articles for title and abstract screening. In
total, 159 studies were excluded during this process. Reasons for exclusion included being
a non-primary article, not having a clear rapid diagnostic testing intervention, having a
non-paediatric population, not addressing respiratory presentations and for being in a
non-ED setting. The remaining 42 articles then underwent full-text analysis from which
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18 were eligible for final analysis (Figure 1). The data extracted from these 18 eligible stud-
ies are presented in Table 1.

[ Identification of studies via databases and registers ]
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Flow Di-
agram of Study Selection Process.
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Table 1. Diagnostic Stewardship—The Impact of Rapid Diagnostic Testing for Paediatric Respiratory Presentations in the Emergency Setting: A Systematic Review.
Author; Year, Country;Study Design; Population

Objecti Int ti Key Findi

Study Period; Setting and Sample Size jective niervention ey Hindings

Ayanruoh et al. 2009 [12]; . Introduction of RDTs was as-
USA; September 2005-Sep- Retrospective Cohort; pa- Assess. tbe 1.mpact O.f R.D Is . sociated with a lower antibi-

C . on antibiotic prescriptions Rapid Streptococ- . .
tember 2007; Paediatric ED tients aged 3-18 years old, n in children with pharvnei- cal Test for GAS otic prescription rate from
of inner-city hospital in — 8280 et the E’D yne 41.38% pre-RDT and 22.45%
New York City post-RDT, p <0.001.

. . ., Assess efficacy of RDT for Mclsaac clinical . o .

Pragmatic AB single-subject _ _ . Baseline rates of antibiotic

_ . GAS combined with estab- score combined .
Bird et al. 2021 [13]; UK; study; children aged 6 . . . ) prescription rate 79% was re-
. lished clinical scoring sys- with GAS RDT to .
2014-2016; Birmingham  months to 16 years present- . duced to 24% following the
. i . . . tem (Mclsaacs Score) in re- screen for and . . .
Children’s Hospital ED  ing to ED with a sore throat, . a . implementation of interven-
ducing antibiotic prescrib- treat GAS pharyn- .
n =605 . .\ tion.
ing for sore throat gitis

Cohort study; paediatric pa-
Busson et al. 2017 [14]; UK; tients (<15 years old) pre- Evaluate the contribution
2 January-30 March 2015; senting to ED with fever of  of the Alere i Influenza

Antibiotics were avoided in
36.2% of patients (20 paediat-

Alere i Influenza ric patients, 5 adult patients).
Saint Pierre’s University unknown source, suspected A&B test to patient man- A&B test Antivirals prescribed in 36.2%
Hospital influenza, or complicated ill- agement patients (9 paediatric patients,
ness 16 adult patients).
Clearview Strep A
Test (Oxoid),
Cardoso et al. 2013 [15]; Cohort study; patients aged which consists of a

Evaluate the impact of
. P . rapid immunoas- Implementation of RDT pre-
RDTs on the diagnosis and . L
. ... say for the qualita- vented unnecessary antibiotic
treatment of children with

1. tive detection of prescription in 32.9% of cases.
acute pharyngotonsillitis
group A strepto-

coccal antigens
(RADT)

between 2 and 15 years with
history of sore throat and fe-
ver, no signs of viral infec-
tion, n =650

Brazil; April-November
2008; University Hospital of
Sao Paulo
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Crook et al. 2020 [16]; USA; Before-and-after interven-
3 study periods between  tion study; children aged

January 2011 and June 2019; <90 days presenting to ED

Tertiary-care children’s hos- with fever or hypothermia,

BioFire FilmArray Introduction of RDT was as-

Respiratory Panel sociated with a significant re-

2 & mPCR testing duction in antibiotic prescrip-
with clinical tion in children aged 29-60

Assess the impact of clini-
cal guidelines and RDTs
on paediatric patient man-
agement

pital n =5317

guidelines

days old.

Doan et al. 2009 [17]; Can-
ada; December 2005-April
2006 and November 2006—
April 2007; British Colum-
bia Children’s Hospital

RCT; children 3 to 36
months of age with febrile rapid diagnosis of a viral viral testing pro-

acute respiratory tract infec- infection alleviates the
tions at a paediatric ED, n= need for ancillary testing
204 and antibiotic treatment

gram, named VI-
RAP (for Viral
Rapid Program)

Assess whether early and Rapid respiratory

No statistically significant dif-
ference in ED length of visits,
rate of ancillary testing, or an-
tibiotic prescription rate in the
ED between the study groups.
Significant reduction in anti-
biotic prescription after ED
discharge (in the group who
had rapid viral testing RR =
0.36; 95% CI =0.14, 0.95).

Echavarria et al. 2018 [18];
Argentina;
April-November 2016 and
April-October 2017;
University Hospital, Bue-
nos Aires, Argentina

Prospective, randomized,
non-blinded study; patients Determine if timely etio-
aged 2 months—6 years of
age (children) or greater
than 18 years (adults), with agement in relation to anti- 2 or immunofluo-
signs/symptoms of acute  biotic and antiviral pre-
lower respiratory infection scription, and use of com-
with onset within the pre-
ceding 7 days

rescence assay
(IFA)
plementary studies

Diagnosis with FilmArray-RP

logical diagnosis has an BioFire FilmArray was associated with signifi-
impact on medical man- Respiratory Panel cant changes in medical man-

agement including withhold-
ing antibiotic prescriptions in
children (OR: 12.23, 95% CI:
1.56-96.09).

Esposito et al. 2003 [19]; It-

aly; 6 January-27 February

2002; University of Milan,
Italy

Assess the effect of a rapid
diagnosis of influenza in-
fection on the management
of children with influenza-
like illness in an ED

RCT; patients aged 0-15
years attending ED because
of influenza-like illness, n =

957

Quickvue Influ-
enza Test

Patients with a positive
Quickvue test were signifi-
cantly less likely than those

with a negative or no test re-
sult to receive antibiotics

(32.6% vs. 64.8% and 61.8%; p
<0.0001 and p = 0.0003).
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No significant differences

Iyer et al. 2006 [20]; USA; 27 Prospective, quasi-RCT; fe-
January 2003-31 March  brile children at risk for seri- To determine the effect of
2003 and 8 December 2003— ous bacterial illness (SBI) point-of-care testing
29 January 2004 pediatric based on age and tempera- (POCT) for influenza on

ED of a large, urban, ter- ture and who presented to a the physician management
of febrile children

Quickvue Influ-
enza Test

tiary-care pediatric teaching paediatric ED during an in-
hospital fluenza outbreak, n =700

were demonstrated between
the POCT and ST groups with
respect to laboratory tests or-

dered, chest radiographs ob-
tained, antibiotic administra-
tion, inpatient admission, re-

turn visits to the pediatric ED,
lengths of stay, or visit-associ-

ated costs.
Location of RIDT may not

Assess whether location of BD Veritor digital

immunoassay

Jacob et al. 2021 [21]; Aus- Retrospective, observational rapid influenza diagnostic
(bedside) or

tralia; 1 August 2017-30  study; patients included  testing (RIDT) for patients

September 2017; ED, The
Children’s Hospital at ~ had Influenza-like illness, n has an impact on ED treat- orescence immu-
Westmead =1451 ment time or ancillary test- noassay (labora-
ing tory)

have a significant impact on
treatment time, ancillary test-

were aged <16 years who with influenza-like illness Quidel Sophia flu- ing and treatment with antibi-

otics. When RIDT was not
performed, patients had the
shortest treatment time.

Evaluate whether having a
RDT result available dur-

Prospective, patient-ori-
ing the ED visit would

t al. 2019 [22]; USA;
May et al. 2019 [22]; USA; ented, pilot RCT; patients

December 2016-over 2 win-
ter respiratory seasons and
1 intervening non-respira-
tory season; level 1 emer-
gency department

comes in patients with 2

clinical signs and symp-
toms of acute respiratory
tract infection

infection or influenza- like
illness, and were not on an-
tibiotics, n =191

212 months old, had symp- have a significant impact BioFire FilmArray
toms of upper respiratory on management and out- Respiratory Panel

Twenty (22%) RDT patients
and 33 (34%) usual care pa-
tients received antibiotics dur-
ing the ED visit (-12%; 95%
confidence interval, —25% to
0.4%; p = 0.06/0.08); 9 RP pa-
tients received antibiotics de-
spite having a virus detected.
The magnitude of antibiotic
reduction was greater in chil-
dren (-19%) vs. adults (-9%,
post hoc analysis). There was
no difference in antiviral use,
length of stay, or disposition.
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Ozkaya et al. 2009 [23]; Tur- RCT; Patients aged 3 to 14° Dete-rmir'le the i-nﬂuénce of Pati.ents in RDT Erotip were
key; November 2006 and years presenting to ED with rapid dlag,n(,)Sl,s of mﬂu.— les's ‘hk.ely to be prescribed an-
March 2007; Vakif Gureba  fever and cough, coryza, e.nza on a'r1t1b10t1c presc.rlb- Inﬂue.nza A/B t1b10t1'cs when compared to
Education and Research myalgias and/or malaise, n = ing to children presenting Rapid Test those in usual care (32% vs.
Hospital, Istanbul, Turkey 97 with influenza-like illness 100%, respectively, p <
’ ’ in the ED 0.0001).
RCT; patients <5 years of . In the 'ED, fewer children.in
Poehling et al. 2006 [24];  age presenting with any of l?etermme whe.tht.?r 4 the raPld test group had dl'ag—
USA; 28 January-8 April  the following symptoms: point-of-care rapid influ- PCR + RDT nostic tests ordered than in

enza test impacts the diag- the no rapid test group (39%
nostic evaluation and vs. 51%, p = 0.03). There was

treatment of children with no difference in test ordering

acute respiratory illnesses in the clinic or in antibiotic

prescribing in either setting.

(QuickVue Influ-
enza Test)

2003 and 1 December 2003 cough, rhinorrhoea, wheez-
to 31 January 2004; Vander- ing, difficulty breathing, fe-
bilt Pediatric ED ver, sore throat, apnoea, or

ear pain, n =468

The use of RDT testing in the
Determine whether RDT ED for ILI did not decrease

Rao et al. 2021 [25]; USA; 1 testing leads to decreased antibiotic prescribing in this

RCT; children aged 1 month

December 2018-30 Novem- o 18 years presenting to an antibiotic use and BioFire FilmArray randomized clinical trial (RR,
ber 2019; The Children’s ED with ILL 1 = 931 healthcare use among chil- RP2 Panel 1.1; 95% CI, 0.9-1.4). There is
Hospital Colorado ’ dren with influenza-like a limited role for RRP patho-
illness in an ED gen testing in children in this

setting.

Physicians would have de-
creased ED LOS by 33 min,
ordered fewer tests (18%; p <
0.001) with average patient
charge savings of $669, fewer
antibiotics among discharged
patients (17%; p < 0.043), and
increased appropriate antivi-
ral use (13%; p < 0.023).

Rogan et al. 2017 [26]; USA; NCBA; consecutive paediat-
10 January 2016-13 March ric patients <18 years of age
2016; Pediatric ED at Stan- who had a respiratory virus

ford University Medical ~PCR panel by nasopharyn-
Centre geal swab, n =28

Determine the impact of
bedside PCR on paediatric PCR test for respir-
acute respiratory infection  atory viruses
management

Rogers et al. 2015 [27]; 1 NCBA; patients who aged 3 Determine if implementa- BioFire FilmArray The RRP decreases the dura-
November 2011-31 January months to 21 years who had tion of the RDT led to a RP2 Panel tion of antibiotic use (p =
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2012, and 1 November respiratory panel test, n = shorter time to the test re- 0.003), the length of inpatient
2012-31 January 2013; Chil- 771 sult and expanded panel, stay (p = 0.03), and the time in
dren’s Healthcare of At- results in different out- isolation (p = 0.03).
lanta

comes for children admit-

ted to the hospital with an

acute respiratory tract ill-
ness

Fewer patients in the early di-

agnosis group received ceftri-

Determine the effect of Rapid detection of axone sodium compared with
USA; age, with a temperature  rapid diagnosis of influ-  influenza virus  those in the late diagnosis

1 November 1998, through higher than 39 °C who had a enza virus type A on the type A infection by group (2% vs. 24%, p = 0.006);

Retrospective cohort: all
Sharma et al. 2002 [28];  children 2 to 24 months of

30 April 2000; positive influenza virus type clinical management of fe- enzyme-linked im- there were fewer urinalyses
urban children’s hospital A test result using an en-  brile infants and toddlers munosorbent as- (2% vs. 24%, p = 0.006) and
ED zyme-linked immuno- in a paediatric ED say (ELISA) complete blood cell counts
sorbent assay, n =72 performed (17% vs. 44%, p =
0.02).

Fewer RPP-positive patients
were prescribed antibiotics on

disch h d
Retrospective cohort: chil- 1'sc arge w. en‘ Comp.are

Zhu et al. 2019 [8]; USA; 16 dren 1 month to 18 years of Assess whether RPP de- with RPP-negative patients

December 2013—1é Dece/m— age with uncomplicated creases antibiotic days of (8.8% vs. 41.1%; x2=13.57;p <
ber 2015: % respirator tf tinf therapy and length of hos- BioFire FilmArray 0.001).

ProMe diia Tol eld o Chil etlic(l)ln: ailsnlzit:ez i}r,1 toat;e h(fsc pital stay for paediatric pa- RP2 Panel There was no statistically sig-
dren’s Hospital ital or seen in the ED. n = tients with acute respira- nificant difference in the num-

’ F 939 ' tory infections ber of patients who received

antibiotics on discharge from
ED between the pre- and
post-RPP study periods.
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3.2. Included Studies

Included studies were published between 2002 [28] and 2021 [13,25]. Eight of eight-
een studies were randomised control trials [17-20,22-25], three were prospective cohort
studies [14,15,26], five were retrospective cohort studies [8,12,21,27,28], one was a before
and after interventional study [16], and one was a pragmatic AB single subject study [13].
The studies were conducted in several different countries, the majority being in the United
States [8,12,16,18,20,22,24-28], but also other countries including United Kingdom [13],
Canada [17], Australia [21], Belgium [14], Brazil [15], Italy [19] and Turkey [23]. All in-
cluded studies were conducted in the ED of a paediatric hospital or within the paediatric
population of a general hospital, however, the number of hospitals varied between stud-
ies. Fifteen of eighteen studies reported outcomes from the paediatric population only
[8,12,13,15-17,19-21,23-28], and three studies extracted paediatric data from a general
hospital [14,18,22].

3.3. Intervention

The rapid diagnostic testing intervention varied between included studies. Three
studies used rapid streptococcal tests, to assess for the presence of group A streptococcal
(GAS) [12,13,15]. Cardoso et al. conducted a prospective study in which they asked clini-
cians about the patient management plan at two separate time points after ED admission:
after clinical examination and then after a rapid streptococcal detection test [15]. Nine
studies assessed rapid diagnostic tests which assess for the presence of viruses. These tests
included Alere i, Quickvue Influenza Test, direct immuno-fluorescence assay, Influenza
A/B Rapid Test as well as the use of rapid PCR and enzyme-linked immunosorbent assay
(ELISA) testing for influenza and respiratory syncytial virus (RSV) [14,17,19-
21,23,24,26,28]. The remaining six studies used the BioFire FilmArray Respiratory Panel 2
(BioRP2). This test can target 18 bacterial species and 9 viruses that cause lower respiratory
tract infections [29]. Bird et al. combined the use of a rapid GAS detection test with
Mclsaac’s clinical score as the intervention [13]. Similarly, Crook et al. also combined the
use of a standardised clinical guideline with BioRP2 but were able to pool the data to
measure the effects of these components separately [16].

3.4. Primary Outcome

The primary outcomes varied across the included studies, ranging from antibiotic
prescription rate to length of patient admission. All studies reported changes in antibiotic
prescription rate before and after intervention [8,12-28]. Antiviral prescription rate, hos-
pital admission rate, length of stay and use of ancillary testing were also reported in most
studies [8,14,16-22,24-28]. Duration of antibiotic therapy was reported in three studies
[8,16,27]. Most studies did not specifically report on clinical outcomes of the patient; how-
ever, lyer et al. and Rao et al. reported the number of patients who returned to ED after
discharge [20,25]. Further, Bird et al. assessed the diagnostic accuracy of the RDT inter-
vention and Ayanruoh et al. reported a comparison of culture results against the RDT
[12,13]. Rogers et al. reported on the time taken to result in comparison to standard care
[27]. Finally, Busson et al. and Sharma et al. also reported on costs to ED [14,28].

3.5. Efficacy of RDTs in Antibiotic Stewardship
3.5.1. Group A Streptococcal

All studies utilising a RDT for GAS specifically observed a significant reduction in
antibiotic prescription rates.

Two studies assessed the use of GAS RDTs alone. Ayanruoh et al. found a reduction
in antibiotic prescription rates for children with symptoms suggestive of pharyngitis,
from 41.38% in the pre-RDT period to 22.45% after the introduction of GASRDT (OR 0.27;
95% CI, 0.24-0.30; p < 0.001). Further, the accuracy of the RDT was assessed by obtaining
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throat cultures of all negative RDT results, and a very low false-negative rate of 0.04% was
observed [12]. Cardoso et al. compared the intention of antibiotic prescription by a physi-
cian based on clinical findings to the results from a GAS RDT [15]. It was observed that
32.9% of cases would have been prescribed unnecessary antibiotic based on clinical as-
sessment alone. It was also found that 17.1% of suspected cases would not have received
the necessary antibiotics for pharyngotonsillitis, putting these patients at risk of adverse
complications [15].

Bird et al. combined the use of a GAS RCT with Mclsaac’s Clinical Score and assessed
its efficacy in reducing antibiotic prescription rates. During the pre-intervention period,
the baseline antibiotic prescription rate was 79%. After the introduction of RDTs and
Mclsaac’s score, supplemented with the use of throat swabs in all negative results, these
rates dropped to 24%. In the third phase of the study, supplemental testing was removed
and the assessment was based on the intervention alone, and antibiotic prescription rates
increased to 28% [13]. Although the study reported poor sensitivity of the RDT and poor
specificity of Mclsaac’s score, when used in combination there was a reduction in antibi-
otic prescription rates in the paediatric emergency setting.

3.5.2. Viral Testing

Of the eight studies assess the use of RDT testing for viruses only, three studies uti-
lised the QuickVue Influenza Test. Esposito et al. found that a positive QuickVue test re-
sult showed a significant reduction in antibiotic prescription in comparison to cases with
a negative result or no testing at all (32.6% vs 64.8% and 61.8%; p < 0.0001 and p = 0.0003)
[19]. In comparison, Poehling et al., despite finding the QuickVue RDT to be 82% sensitive
and 99% specific, found no different in antibiotic prescription rates after the introduction
of the intervention into practice (39% vs. 51%, p = 0.03) [23]. It was, however, found that
fewer children that underwent RDT had further diagnostic testing in comparison to chil-
dren who were not tested [24]. Iyer et al. compared the use of QuickVue RDT to standard
laboratory testing. This study found that a positive test for influenza was associated with
a reduction in antibiotic prescription; however, there was no significant difference in these
rates between the method of testing (RDT vs. standard laboratory testing) [20].

Busson et al. evaluated the Alere i Influenza A&B test and its ability to contributed
to patient management. The utilisation of Alere i RDT in the emergency setting lead to a
42.9% reduction in antibiotic prescription [14]. Ozkaya et al. found that patients who un-
derwent rapid diagnostic testing, using the Influenza A/B Rapid Test were less likely to
be prescribed antibiotics in comparison to clinical assessment alone (32% vs. 100%, respec-
tively, p <0.0001) [23]. Rogan et al. assessed the difference in clinical decisions, including
antibiotic and antiviral prescription, in standard management and management adjusted
for bedside molecular RDT results. Physicians reported they would have reduced antibi-
otic prescription rates by 17% (p =< 0.001) and increase appropriate antiviral prescription
by 13% (p = 0.023) [26]. Sharma et al. compared antibiotic prescription rates in patients
who had a rapid influenza diagnosis prior to discharge (early diagnosis) compared to
those who received their results after discharge (late diagnosis) [28]. A significant reduc-
tion in dispensing of ceftriaxone sodium from 24% to 2% (p = 0.006) was found in the early
diagnosis group in comparison to the late diagnosis group [28]. Doan et al. found no sig-
nificant difference in antibiotic prescription rates following the use of rapid direct immu-
nofluorescence assay in comparison to standard care (RR): 0.86, 95% CI (0.48, 1.53); how-
ever, children who underwent RDT were less likely to receive antibiotics from their gen-
eral practitioner within one week of discharge from emergency care (RR): 0.36, 95% CI
(0.14, 0.95) [17]. Finally, Jacob et al. was assessing the effect of RDT location on treatment
time, use of ancillary testing and antibiotic prescription in the emergency setting. This
study compared the use of RDT at the bedside, RDT use in the laboratory and no RDT. It
was found that antibiotic prescription rates highest in patients who did not undergo RDT;
however, RDT location alone did not significantly affect these rates. (15.2% vs. 2.7% in the
laboratory group and 11.2% in the bedside RDT group; p < 0.0001) [21].
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3.5.3. Respiratory Panel Testing

Six included studies assessed the efficacy of a BioFire FilmArray Respiratory Panel 2
(BioRP2) as a diagnostic tool in antibiotic stewardship. Three of these studies found a sig-
nificant improvement in antibiotic prescribing methods after intervention was intro-
duced.

Echavarria et al. compared the use of BioRP2 and immunofluorescence assay (IFA)
in the emergency setting [18]. Diagnosis using the BioRP2 resulted in a significant reduc-
tion in antibiotic prescription in children (OR: 12.23, 95% CI 1.56-96.06), as well as a re-
duction in the use of ancillary testing (OR): 9.64, 95% CI 2.13-43.63) in comparison to IFA
[18]. It was also noted that the median time from sample collection to result was 1 h 52
min with the BioRP2 in comparison to 26 h by IFA (p <0.001) [18]. Zhu et al. compared the
use of BioRP2 in the inpatient and emergency settings [8]. In the emergency setting, pa-
tients with a positive BioRP2 result received few antibiotic prescriptions in comparison to
patients not tested (-32.3%; p <0.001) [8]. BioRP2 use was, however, more prevalent in the
inpatient setting in comparison to ED (78.9% vs. 7.3%; p <0.001) [8]. Rogers et al. compared
the use of BioRP2 to standard testing in the form of PCR [28]. This study found no differ-
ence in decision to prescribe antibiotics; however, the duration of antibiotic therapy was
shorter in those who underwent RDT with the BioRP2 (p = 0.003) due to the reduced time
to result [27]. May et al. compared the use of this RDT to usual care, with the primary
outcome measure being antibiotic prescription [22]. This study found a 12% reduction
(95% CI -25-0.4%; p = 0.06/0.08) in antibiotic prescription in the RDT arm of the study with
a greater reduction seen in paediatric patients (~19%) in comparison to adults (-9%) [22].
Rao et al. conducted a study to assess whether of BioRP2 reduced antibiotic use and fur-
ther ancillary testing in children presenting to the ED with respiratory symptoms [25].
This study found no significant difference in antibiotic prescribing after the introduction
of BioRP2 (RR: 1.1, 95% CI 0.9-1.4); however, it did find that children were more likely to
receive antivirals (RR: 2.6, 95% CI 1.6-4.5) [25]. Therefore, this study concluded there was
a limited role for RDT for children in the emergency setting [25]. Finally, Crook et al. as-
sessed changes in patient management after the introduction of a clinical guideline and
then after adding a RDT in practice [16]. The introduction of the RDT was associated with
a reduction of antibiotic prescription of —10.8% (95% CI 6.5-15%), as well as a reduction
in the duration of antibiotic therapy by 0.47 days (95% CI 0.16-0.51); however, when ad-
justed for temporal trends, only the only significant change after the introduction of RDT
was the reduction in ancillary testing [16].

3.6. Risk of Bias

All papers included in this study were assessed for bias using the ICROMS tool. All
studies met the minimum score and respective mandatory criteria based on study design,
and were, therefore, deemed to be of good quality and included in the review (Tables A2-
Ad).

4. Discussion

Antibiotic prescribing behaviours have been described as suboptimal in the emer-
gency setting [30]. Inappropriate antibiotic prescription includes the dispensing of unnec-
essary antibiotics, the use of broad-spectrum as opposed to narrow spectrum antibiotics,
prolonged antibiotic therapy, as well as a lack of patient education [1]. With the growing
risk of AMR, antibiotic stewardship practices need to be placed in target locations and
populations to reduce the rates of inappropriate antibiotic prescription. The paediatric
population, in particular children with respiratory presentations, are target population
due to reported overuse of antibiotics [5,31]. There is a great body of evidence showing
that febrile infants who are older than 3 months and have a confirmed viral infection, are
at very low risk of severe bacterial infection [32]. Therefore, it can be inferred that a rapid
confirmation of a viral or non-bacterial diagnosis would reduce the need for antibiotic
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prescription as well as the use of ancillary testing. Previous studies have shown that the
presence of rapid respiratory pathogen testing equipment show great promise in increas-
ing rates of appropriate antibiotic prescription [10]. This systematic review aimed at as-
sessing the efficacy of these rapid diagnostic tests for paediatric patients with respiratory
presentations in the emergency setting.

4.1. Antibiotic Prescription Behaviours

Decisions to change clinical management of patients, in particular, the decision to
prescribe or not prescribe antibiotics, depends on several factors, including the identifica-
tion of the pathogen and the patient’s medical history [33]. Of the studies included in this
review, twelve found a significant decrease in antibiotic prescription rates following the
introduction of RDT in clinical practice [8,12-16,18,19,21,23,26,28]. This decrease in anti-
biotic prescription rates was observed across GAS-only, viral-only, as well as the respira-
tory panel RDTs review; therefore, it is difficult to ascertain why some studies did not find
a significant difference. Poehling et al. mentioned parental anxiety as a factor that should
have been measured outcome in the study as it may have affected prescription rates. In-
terestingly, 20% of patients who tested positive for influenza in both arms of this study
still received antibiotics. This is not in line with current literature which shows a signifi-
cant decrease in antibiotic prescription and increase in the prescription of antivirals, such
as oseltamivir in patients with a confirmed diagnosis of influenza, highlighting the need
for further investigation into potential barriers [19,34]. Current evidence showcases the
positive impact of oseltamivir on patient outcomes [35]. The introduction of RDT was
found to improve rates of antiviral prescription in four included studies, in particular
Rogan et al. found a 13% increase in antiviral prescription following introduction of diag-
nostic RDT [26]. Duration of antibiotic therapy is another important measure of appropri-
ate antibiotic prescription. Rogers et al. did not find a significant difference in the rate of
antibiotic prescription however there was significant decrease in the duration of antibiotic
therapy [27]. This change was attributed to receiving test results within four hours of
presentation [27]. Similarly, previous studies have found that in the adult population the
introduction of RDT in comparison to standard PCR testing resulted in a decrease in an-
tibiotic therapy duration rather than in the rate of antibiotic prescription. This change was
accredited to the reduced need for empirical antibiotic therapy due to the rapid availabil-
ity of results, decreasing the patient’s overall antibiotic dosage [33].

4.2. Patient Outcomes

The success of an antibiotic stewardship intervention, which affects clinical manage-
ment, cannot be appreciated without assessing clinical outcomes of the patients included
in the study population. Of all included studies, two included studies observed whether
the patient returned to the ED for the same symptoms following discharge, with both re-
porting no significant differences between groups [20,25]. Unfortunately, only one study
observed 30-day mortality rates of included patients, but found no significant difference
after the introduction of RDT in practice [16].

Diagnosis of bacterial pharyngitis, based on clinical assessment using signs and
symptoms alone can be a poor diagnostic tool [15]. Typically, children over than five years
of age with bacterial disease show signs of fever, headache, vomiting, abdominal pain,
purulent tonsillar discharge and hypertrophy, as well as painful anterior cervical lym-
phadenopathy. Further, the absence of URTI symptoms including a runny nose, cough,
watery eyes and diarrhoea contribute to the overall clinical presentation [15]. Therefore,
incorporation of a clinical scoring system (i.e., Mclsaac Clinical Score), as seen by Bird et
al., could be favourable in the diagnostic method [13]. However, clinical assessment
should ideally be accompanied with microbiological testing to ensure accurate identifica-
tion of the pathogen and, thus, management of the patient [15]. This was highlighted in
the study conducted by Cardoso et al. in which 17.1% of GAS pharyngotonsillitis cases
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would not have received the required antibiotics if diagnosis was conducted by clinical
assessment alone, placing these patients at risk of complication [15].

Crook et al. found that the introduction of RDT into diagnostic clinical practice has
the most significant clinical impact on infants aged 29-60 days old [16]. Typically, infants
<28 days old undergo a comprehensive sepsis screen when presenting to ED with sus-
pected bacterial illness, and infants >60 days old receive a less comprehensive screen [16].
However, management of infants aged 26-60 days varied greatly between physicians due
to the lack of clinical guidance, highlighting a potentially high-risk group for the misuse
of antibiotics [16]. Importantly, the decrease in ancillary testing and antibiotic prescription
following RDT intervention in this study was not associated with a compromise in clinical
care, with the proportion of infants being discharged with a bacterial infection remaining
low (<1%) in both groups [16]. Although the flow-on effect of reduced antibiotic prescrip-
tion rates, including reduced selection of drug-resistant pathogens as well as the mainte-
nance of infant microbiome ensuring advantageous health outcomes, the low rate of pa-
tient outcome reporting in the included studies highlights a shortcoming in current liter-
ature. This is of concern, as the absence of a significant difference in patient outcomes
between groups assessed with RDT, as opposed to standard measures, does not represent
non-inferiority. Therefore, further research needs to assess the implementation of RDTs
powered for patient outcome measures, rather than antibiotic prescription rates alone.
This will show RDTs efficacy for AMR as well as clinical outcomes, prior to implementa-
tion in emergency settings.

4.3. Acceptability of RDT by Hospital Staff & Patients

Another important factor to consider when implementing an intervention that affects
clinical workflow and patient management is the acceptability of said intervention among
hospital staff and patients. Clinicians interviewed about the effect of RDT on patient man-
agement expressed concern about using RDT results alone to make clinical decisions and
stated that clinical assessment as well as results from further ancillary testing would be
required to modify patient management [14]. This is in line with current guidelines in the
United States which do not solely depend on RDT results, with clinicians required to con-
firm negative RDT results with a throat culture [12]. It should also be considered that a
reduction in ancillary testing, in particular chest x-rays, has been a priority to minimise
the adverse effects of testing including unnecessary radiation [36]. Among the nursing
staff, who were administering the RDT, there were complaints about the RDT result being
too faint to read [13]. Further, one study reported the importance of maintaining adequate
technique when obtaining throat swabs for the RDT sample [13]. These potential issues
may be reduced by providing adequate training to the staff, and then allowing only
trained, permanent nursing staff to administer the RDT. When assessing the acceptability
of RDTs in paediatric patients, it is often the parent’s opinion which is considered. Paren-
tal expectation of antibiotic prescription is a point of intervention for reducing rates of
antibiotic prescription. Clinicians found that having a negative RDT result to show par-
ents empowered them to tell concerned parents that antibiotics were not indicated [13].

4.4. Implementing RDTs in the Emergency Setting

Several factors need to be considered when implementing RDTs into clinical work-
flow, including the accuracy of the diagnosis, financial burden as well as the improve-
ments with regards to time to result.

Previous studies have shown a mixed review of GAS RDTs, with a majority reporting
poor sensitivity in detecting GAS pharyngitis [37]. Reported findings from included stud-
ies were in line with these findings, reporting a poor sensitivity of 64.3%, but a high neg-
ative predictive value of 92.1% in comparison to throat culture [13]. This lack of sensitivity
was partially attributed to a deficit in swab technique in staff administering the RDT [13].
Further, it was found that in Mclsaac’s Clinical Score had a low specificity of 12.62%, but
a high sensitivity of 92.11% [13]. This shows great promise for the combination of RDTs
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with clinical scoring systems in the diagnosis of GAS pharyngitis, which is in line with
current literature that shows an increase of RDT sensitivity from 95.8% to 97% after the
introduction of a clinical criteria [38]. The Alere i RDT use for the detection of influenza,
reported an adequate sensitivity and specificity of 91.4% and 97.6%, respectively, for In-
fluenza A, and 54.5% and 98.8%, respectively, for Influenza B [14]. Finally, the BioRP2
RDT is advertised for having a good sensitivity of 85-100% and a specificity of 90-100%
[22]. From these measures the implementation of RDTs either alone or supplemented by
a clinical criterion would most likely benefit clinical diagnosis.

The financial burden of antibiotic over-prescription and the flow-on costs stemming
from AMR need to be balanced with the introduction of RDTs into clinical practice. The
administration of RDTs to all patients in the ED would not be practical financially or tech-
nically due to the high cost of each test and the requirement for extra staff and training for
RDT administration [14]. However, several studies highlight the potential of RDT for de-
creasing costs by reducing hospitalisation days, use of ancillary testing as well as antibi-
otic prescriptions [14,19]. In order to balance cost and benefit of RDTs, several studies
suggested the use of RDTs in only high-risk populations or only during peak influenza
seasons to ensure accurate diagnosis and reduce antibiotic use [14,19].

The importance of time taken to receive a result is emphasised due to the common
practice of dispensing empirical antibiotics in ill patients. It has been observed that pa-
tients who receive antibiotics on discharge prior to result availability, were often not in-
formed that antibiotics could be discontinued after negative results were received [14].
Further, Echavarria et al. found that the discrepancy in time to RDT results which took on
average 1 h 52 min in comparison to 26 h for immunofluorescence assays in the laboratory,
was associated with a significant reduction in antibiotic prescription rates, as well as fur-
ther ancillary testing and an increase in appropriate antiviral prescription rates [18]. These
results highlight the speed of RDT results as a distinguishing factor that contribute to its
success in clinical practice and therefore in reducing the rate of AMR. It should be noted
that the waiting time for the rapid test results may delay optimal treatment time; therefore,
the dispensing of empirical antibiotics may still be required. Moreover, the ability for
RDTs to provide sufficient diagnosis in an emergency setting should be explored. Cur-
rently, the BioRP2 RDT may be considered in an emergency as it has the ability to provide
a full panel of different pathogens within 45 min [22].

4.5. Strengths & Limitations

This study has many strengths. The inclusion of only those studies that met the man-
datory criteria from the ICROMS risk of bias assessment tool ensured that only high-qual-
ity studies were reviewed. Furthermore, a variety of RDT interventions, testing for differ-
ent pathogens, were included, providing a generalisable overview of this diagnostic
method. This provides clinicians and hospital staff ample information for the develop-
ment and implementation of RDTs in the future.

This study also had some limitations. Only three databases were included in the ini-
tial search; therefore, some references may have been overlooked. Further, only papers
published in English were included, potentially overlooking relevant papers published in
other languages. Moreover, the inclusion of a variety of RDTs, assessing multiple patho-
gens, may have led to an inconclusive overview of each rather than a comprehensive
study assessing one type of RDT.

5. Conclusions

We conclude that RDTs are an effective method of diagnostic antibiotic stewardship
whilst aiding with appropriate diagnosis and therefore management of paediatric patients
with respiratory presentations in the emergency setting. Successful administration of
RDTs have shown great promise in improving antibiotic prescribing behaviours by re-
ducing antibiotic prescription rates, duration of antibiotic therapy and promoting the use
of appropriate antiviral therapy. Further research is required to assess the effect of RDT
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implementation with a focus on patient clinical outcomes. We recommend further re-
search into the effectiveness of RDTs supplemented with clinical decision aids and crite-
rion, to increase the specificity of the intervention to ensure appropriate treatment of pa-
tients and further reduce unnecessary antibiotic prescription rates.
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Appendix A

Table A1l. Search Strategy

Population/Phenomena Concept Context

Context

(child * or P#edllatnc or ((Rapid OR molecular OR ad- ((Emergency OR acute OR criti-
. Toddler* or Babies or baby
Free Text (title and

mission) adi2 (diagnostic OR cal OR urgent OR crisis OR ad-
abstract) or Teen* or Adolescen* or respirat o]r ORganti on mitting) adj2 (care OR unit OR
Youth* or Pre-schooler* or P y, & ward OR service OR room OR
o L )).ti,ab.
preschooler*).ti,ab.

department OR setting)).ti,ab.

diagnostic techniques, respira- .
tor;; system/or diggnostic Eests Critical Care/
adolescent/or child/or . " admitting department, hospi-
Index Terms child, preschool/or infant/ routine/ tal/or emergency service, hospi-
’ Molecular Diagnostic Tech- tal/ ’
niques/

(antibiotic OR antimicro-
bial).ti,ab.data

Antibacterial agents/
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Table A2. ICROMS Quality Criteria for Application per Study Design

Quality Criteria

Study Design **

Dimension Specific Criteria *

RCT CBA CITS NCITS NCBA CS QUAL

. e a. Clear statement of the aims of
1 Clear aims and justification
the research?
b. Rationale for number of pre-
and postintervention points or ad-

equate baseline measurement

c. Explanation for lack of control
group

d. Appropriateness of qualitative
methodology

e. Appropriate study design

Managing bias in sampling or be-
tween groups

a. Sequence generation
b. Allocation concealment
c. Justification for sample choice
d. Intervention and control group
selection designed to protect
against systematic difference/se-

lection bias

e. Comparability of groups

YY

YY

YY

YY

YY

YY

YY

YY

YY

YY

YY

YY

YY

YY

YY

YY
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Managing bias in outcome measure-

ments and blinding

Managing bias in follow-up

f. Sampling and recruitment

a. Blinding

b. Baseline measurement and pro-

tection against selection bias

c. Protection against contamina-
tion
d. Protection against secular
changes

e. Protection against detection
bias: Blinded assessment of pri-
mary outcome measures

f. Reliable primary outcome
measures

g. Comparability of outcomes
a. Follow-up of subjects (protec-
tion against exclusion bias)

b. Follow-up of patients or epi-
sodes of care
c. Incomplete outcome data ad-
dressed

a. Protection against detection

Managing bias in other study aspects bias: Intervention unlikely to af-

fect data collection

YY

YY

YY

YY

YY

YY
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Analytical rigour

Managing bias in reporting/ethical

considerations

b. Protection against information
bias

c. Data collection appropriate to
address research aims

d. Attempts to mitigate effects of
no control

a. Sufficient data points to enable
reliable statistical inference

b. Shaping of intervention effect
specified
c. Analysis sufficiently rigor-
ous/free from bias

a. Free of selective outcome re-
porting

b. Limitations addressed
c. Conclusions clear and justified
d. Free of other bias

e. Ethics issues addressed

=

< = =

Y

Y

Y
Y
Y

Y

YY

<

< < =

Y

Y

< = =

Y

Y

< = =

Y

<

< < =

Y

Y

< = =

Y

* Quality criteria applicability to study designs: Y = criteria to be included in quality assessment for study design; YY = mandatory criteria to be met for quality
assessment; N = criteria not to be applied in quality assessment for study design. ** Study designs: RCT = randomised controlled trial; CBA = controlled before-
after; CITS = controlled interrupted time series; CS = cohort study; NCITS = noncontrolled interrupted time series; NCBA = noncontrolled before-after; QUAL =

qualitative.
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Table A3. ICROMS Decision Matrix—Mandatory Criteria and Minimum Score of
Study Type for Inclusion in Review

Study Design * Mandatory Criteria Minimum Score **

RCT, cRCT 1a, 2a, 2b, 3a 22
CBA la, 2d, 3b, 3c 18
CITS la, 3d, 6a 18
NCITS 1a, 1b, 2¢, 5d 22
NCBA 1a, 1b, 2¢, 5d 22
Cohort la, 2e, 3g, 4c 18
Qualitative 1a, 1e, 2f 16

Studies must meet mandatory criteria and a minimum score to be included in review. * Study De-
signs: RCT = randomised controlled trial; CBA = controlled before-after; CITS = controlled inter-
rupted time series; cRCT = cluster-randomized controlled trial; NCITS = noncontrolled interrupted
time series; NCBA = noncontrolled before-after. ** Scores applicable to each criteria: Yes (criterion
met) =2 points; Unclear (unclear whether or not the criterion is met) = 1 point; No (criterion not met)
=0 points.

Appendix Tables A2 and A3 adapted from Zingg et al. Innovative tools for quality
assessment: integrated quality criteria for review of multiple study designs (ICROMS).
Public Health 2016, 133, 19-37.
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Table A4. Score Attributed to Included Articles. Diagnostic Stewardship-The Impact of Rapid Diagnostic Testing for Paediatric Respira-
tory Presentations in the Emer-gency Setting: A Systematic Review.

Study Study Design Minimum Score Required Study Score
Ayanruoh et al. Cohort 18 26
Bird et al. NCBA 22 30
Busson et al. Cohort 18 28
Cardoso et al. Cohort 18 28
Crook et al. CBA 18 27
Doan et al. RCT 22 31
Echavarria et al. RCT 22 28
Esposito et al. RCT 22 28
Iyer et al. RCT 22 28
Jacob et al. Cohort 18 27
May et al. RCT 22 32
Ozkaya et al. RCT 22 28
Poehling et al. RCT 22 30
Rao et al. RCT 22 32
Rogan et al. NCBA 22 28
Rogers et al. NCBA 22 32
Sharma et al. Cohort 18 27

Zhu et al. Cohort 18 28
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