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Abstract
Viral respiratory tract infections cause significant morbidity in bone marrow transplant (BMT) patients. Speed and sensitivity 
of the FilmArray™ Respiratory Panel (FA-RP) can improve care but may prompt inappropriate testing. Studies describing 
FA-RP use in pediatric BMT patients are limited; we investigated FA-RP use, results, and clinical management to evaluate 
clinical significance of testing in pediatric BMT patients. Retrospective analysis of 671 respiratory specimens from 204 
unique BMT patients between 01/01/2016 and 01/01/2019 was performed. Age, underlying diagnoses, FA-RP result, reason 
for FA-RP, and symptoms were abstracted. FA-RP impact on antimicrobial management, scheduled procedures, infection 
control measures, and hospital admission/discharge were investigated. Impacts of repeat testing were evaluated. Two hundred 
sixty-nine out of 671 specimens (40%) tested positive; human rhinovirus/enterovirus (hRV/hEV) was the most common 
(161/269, 60%). The primary reason for FA-RP was URI symptoms (402/671, 60%) with 54% testing positive. One hundred 
twenty-two out of 671 (18.2%) specimens were from asymptomatic patients; 14 (11.4%) tested positive. FA-RP informed 
antiviral initiation in 7/19 (36.8%), 7/8 (87.5%), and 5/30 (16.7%) of RSV, influenza, and human parainfluenza cases, respec-
tively. In 11 cases, FA-RP informed azithromycin and ceftriaxone initiation, continuation, or discontinuation. BMT was 
delayed for three positives (two RSV, one hRV/hEV). In 22 instances, negative FA-RP cleared patients for BMT. In 70% of 
cases, repeats offered no new clinical information; all negative-to-positive cases had new or worsening respiratory symptoms. 
FA-RP was ordered on symptomatic and asymptomatic patients, provided rapid diagnosis in > 50% of symptomatic patients, 
and informed infection control measures for all inpatients and antiviral initiation in > 80% of influenza cases.

Keywords  Pediatric respiratory viral infections · Bone marrow transplant patients · Pediatric infectious diseases · 
Syndromic testing

Introduction

Respiratory viruses are leading causes of upper and lower 
respiratory infections worldwide [1–3]. In immunocompe-
tent hosts, illness is generally self-limiting, while immu-
nocompromised patients are at increased risk for severe, 
life-threating infections [4–6]. Adult and pediatric bone 
marrow transplant (BMT) recipients are particularly vulner-
able, and respiratory viruses can cause significant morbidity 
and mortality due to prolonged immunosuppression [4, 7, 
8]. BMT patients often suffer from weakened humoral and 
T cell-mediated immunity, which greatly impairs antiviral 
immune response [5]. Additionally, BMT recipients show 
higher rates of progression from upper respiratory infections 
(URI) to lower respiratory infections (LRI) [8]. Further com-
plicating matters, symptoms, and clinical presentations of 
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respiratory viral illness are rarely pathogen-specific, result-
ing in a large differential diagnosis often including bacte-
rial agents [2, 9]. Before widespread adoption of molecular 
testing, clinicians faced long turnaround times and difficult 
empirical treatment decisions when treating potential viral 
respiratory infection. The development and implementation 
of rapid molecular diagnostics have significantly improved 
detection and identification by detecting multiple targets at 
once, increasing sensitivity, reducing time to positivity, and 
subsequently decreasing time to clinical intervention [10]. 
Previous reports evaluating clinical impacts of rapid res-
piratory viral panel tests (RVPs) on patient outcomes have 
shown RVPs can decrease length of stay in the intensive 
care unit (ICU), duration of antibiotic use, and duration of 
isolation precautions, while other studies have reported no 
significant effects on antibiotic management [10, 11]. Fur-
thermore, previous studies highlight inherent value for both 
clinician and patient “knowing” the diagnosis and halting 
potential unnecessary workup, testing, and/or treatments 
[12].

The FilmArray® Respiratory Panel (FA-RP) (BioFire® 
Diagnostics, Salt Lake City, UT) is one sample-to-answer, 
multiplexed assay approved by the US Food and Drug 
Administration (FDA) for simultaneous detection of 17 
viral respiratory pathogens and subtypes from nasopharyn-
geal swabs in approximately 1 h. Targets include human 
adenovirus (hAdV); human coronavirus 229E (hCoV-
229E); human coronavirus HKU1 (hCoV-HKU1); human 
coronavirus NL63 (hCoV-NL63); human coronavirus OC43 
(hCoV-OC43); human metapneumovirus (hMPV); human 
rhinovirus/enterovirus (hRV/hEV); influenza A virus (IAV) 
including differentiation between hemagglutinin (HA) 
sequences of IAV H1, pandemic IAV 2009 H1, and IAV 
H3; influenza B virus (IBV); parainfluenza virus 1 (PIV-1); 
parainfluenza virus 2 (PIV-2); parainfluenza virus 3 (PIV-3); 
parainfluenza virus 4 (PIV-4); respiratory syncytial virus A 
(RSV-A); and respiratory syncytial virus B (RSV-B). FA-RP 
can also detect Bordetella pertussis, Chlamydophila pneu-
moniae, and Mycoplasma pneumoniae; bacterial targets will 
not be discussed as we require confirmatory testing in our 
laboratory. Simplified workflows, high degree of accuracy, 
and speed have allowed implementation in a wide range 
of clinical settings. However, convenience and sensitivity 
present a double-edged sword: rapid turnaround times can 
improve clinical management, but gratuitous testing can 
increase burden on the laboratory and contribute to rising 
healthcare costs.

Previous RVP clinical impact studies have primarily 
focused on both immunocompetent and/or immunocom-
promised adult patient populations, and data on usage and 
clinical impact of RVP testing solely for immunocompro-
mised pediatric patient populations is somewhat lacking [5, 
13–15]. To this point, recommendations published in 2020 

by the Infectious Disease Society of America (IDSA) Diag-
nostics Committee mentioned challenges including small 
sample sizes and few overall studies specifically assessing 
impact of molecular testing for respiratory tract infections 
within immunocompromised patients as a limitation for the 
development of specific clinical guidance [16]. Here, we 
performed retrospective analysis of a pediatric BMT popu-
lation at a quaternary care, free-standing pediatric medical 
center in an effort to evaluate the clinical utility and impact 
of FA-RP, as well as to inform potential quality improve-
ment policies and procedures to optimize FA-RP usage in 
our institution.

Materials and methods

FA‑RP workflow

Currently at Children’s Hospital Los Angeles (CHLA), the 
FA-RP is ordered at full discretion of the physician for sus-
pected respiratory viral illness using institutional criteria 
of respiratory symptoms and admission as guidance when 
choosing to order FA-RP. Acceptable respiratory specimen 
types included nasopharyngeal (NP) swab in universal trans-
port media, NP wash, NP aspirate, bronchoalveolar lavage 
(BAL), and tracheal aspirates. FA-RP testing is performed 
in the microbiology laboratory 24 h/day, 7 days/week. Full 
validation of the assay was conducted in the clinical virology 
laboratory prior to implementation for clinical use. Perfor-
mance of FA-RP have also been reported in the literature 
with 80–100% sensitivity and 100% specificity [17, 18].

Data collection

Retrospective electronic medical record review was com-
pleted on all BMT patients for whom FA-RP was ordered 
over a 3-year period from 01/01/2016 to 01/01/2019. The 
following patient information was abstracted: (1) demo-
graphics such as age, gender, BMT diagnosis, location at 
time of order, and other underlying medical conditions; (2) 
FA-RP test result and specimen types; (3) symptoms at time 
of collection; (4) other infectious disease comorbidities pre-
sent up to 2 weeks before the FA-RP test; (5) clinical ration-
ale for the FA-RP based on documentation (e.g., presence of 
symptoms, pre-BMT screen, check for viral clearance); (6) 
measures of clinical management influenced by the FA-RP 
result including modifications in relevant antimicrobial man-
agement up to 48 h after FA-RP result, delays, or clearance 
for BMT and/or other procedures/treatments and modifica-
tions in droplet isolation precautions, if patient was admitted 
or discharged; and (7) incidence, rationale, and results of 
repeat testing within 7 and 14 days of initial test.
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Epidemiology of viral respiratory infection in BMT 
cohort

FA-RP test results were abstracted. Total percent posi-
tive and total percent negative of total tested specimens 
were determined. Positives were further separated based 
on target(s) detected in both single and co-infection cases 
and compared to the total number of positives to capture 
epidemiology and incidence of viral infections in the BMT 
cohort detected by FA-RP.

Determination of factors to predict positivity

Clinical rationale for FA-RP order including symptomatol-
ogy, screening, check for clearance, or others was used to 
group specimens based on these categories. Percent posi-
tive/negative in each group was calculated to determine 
what reason(s) for testing best predicted a positive FA-RP 
result. We defined the presence of URI symptoms as one or 
more of the following symptoms noted: rhinorrhea, cough, 
nasal congestion, airway congestion, throat pain, and/or 
sneezing. We defined the presence of LRI symptoms if one 
or more of the following symptoms were noted: tachypnea, 
increased work or breathing, and/or abnormal chest X-ray 
(CXR) including pleural effusion.

Antimicrobial management in accordance 
with FA‑RP results

Given that these are medically complex BMT patients on 
numerous antimicrobials, each antimicrobial initiated or 
discontinued within 48 h of FA-RP result, as well as anti-
microbial courses that didn’t change but overlapped with 
an FA-RP test, was abstracted based on patient antimi-
crobial summary charting. Additionally, the documented 
medical reason for each drug was evaluated first to gener-
ate a list of relevant antimicrobials in accordance with 
FA-RP result. Therefore, all antimicrobials being adminis-
tered for reasons unrelated to FA-RP order and result such 
as pathogen prophylaxis, 48 h sepsis rule out, neutropenic 
fever, and/or treatment of other unrelated but active infec-
tions were removed from the analysis. Following genera-
tion of relevant antimicrobial list, the medical reason for 
initiation/escalation, continuation, or de-escalation/discon-
tinuation management was further evaluated in accord-
ance with FA-RP result in both FA-RP positive patients 
and FA-RP negative patients. Specific outcomes that were 
noted were positive FA-RP results that informed initiation/
escalation of antivirals and subsequent de-escalation/dis-
continuation of empirical antibiotics/antifungals as well as 

negative FA-RP results that informed addition/escalation 
or continuation of antibiotics/antifungals.

Impact of FA‑RP results on scheduled procedures

To determine the impact of FA-RP on scheduled BMT pro-
cedures, we evaluated when a BMT procedure was carried 
out ≤ 10 days after a positive FA-RP, incidences when BMT 
evaluated incidence procedure was delayed and for how long 
due to a positive FA-RP, and incidences when a negative 
FA-RP cleared an individual for a BMT procedure. The 
impact of FA-RP on clearing individuals for BMT procedure 
was evaluated by investigating FA-RP tests that were ordered 
as part of pre-BMT workup and indicated to have cleared 
a patient for BMT procedure. The same approaches were 
taken for determining impact of FA-RP on other scheduled 
procedures and chemotherapy treatments.

Repeat FA‑RP testing

Patients that received repeat FA-RP testing were evaluated 
for two separate time blocks including ≤ 7 days between 
repeats and ≤ 14 days between repeats. For each set, inci-
dences of concordance and discordance between initial 
and repeat testing were determined for FA-RP positive and 
negative tests. Furthermore, rationale for repeat testing was 
reviewed to understand circumstances surrounding multiple 
rounds of testing within a short timeframe. Additionally, 
impacts of repeat testing were evaluated including if a repeat 
result informed antimicrobial management, caused a delay in 
scheduled procedures/treatments, and/or informed clearance 
for procedures.

Statistical analyses

Proportions, percentages, and ratios based on totals were 
calculated using Microsoft® Excel version 16.42 to show 
incidence and compare values within the dataset where 
appropriate. Statistical tests such as the two-proportion 
z-test were employed using QuickCalcs GraphPad software 
to compare proportions to evaluate statistical significance 
between results obtained from FA-RP positive compared to 
the FA-RP negative group; p values < 0.05 were considered 
statistically significant.

Results

Patient demographics

FA-RP was performed on 671 respiratory specimens 
from 204 unique BMT patients spanning 01/01/2016 
to 01/01/2019 ordered at physicians’ discretion. 

397European Journal of Clinical Microbiology & Infectious Diseases (2022) 41:395–405



1 3

Nasopharyngeal (NP) swab was the most common speci-
men type (> 95%). The median patient age was 7 years 
(range 4 months to 24 years), and 126 (38%) were female. 
Most FA-RP orders originated from the inpatient BMT 
unit (61.7%) followed by outpatient BMT clinic (30.6%) 
(Table 1). Positive FA-RP results were found in 269 of 671 
(40%) specimens from 136 patients. The most common tar-
gets detected were hRV/hEV (162/269, 60%), human parain-
fluenza viruses (HIPVs) 1–4 (30/269, 11%), and non-severe 
acute respiratory syndrome (non-SARS) hCoVs (24/269 
(9%) (Table 2). Viral co-infections were detected in 19/269 
(7.1%) cases from 17 patients, with hRV/hEV and hCoVs 
8/19 (42%) most often seen together. Table 2 highlights tar-
gets and percentages detected.

Clinical rationale for FA‑RP order

The most common reason for FA-RP testing was upper res-
piratory infection (URI) symptoms with or without fever 

(402/671, 60%), of which, 218/402 (54.2%) tested positive 
(Table 3). hRV/hEV was most common followed by PIVs. 
Other reasons for testing included fever only, asymptomatic 
screening, lower respiratory tract (LRI) symptoms, and non-
URI symptoms, i.e., nausea, diarrhea, ear pain, or malaise. A 
total of 138/671 (20.6%) specimens from 104 asymptomatic 
patients were tested for pre-procedural screening (BMT or 
other), general asymptomatic screening, or test of cure; 
19/138 (13.8%) tested positive (Table 3). Of asymptomatic 
positives, hRV/hEV was detected in 18 specimens from 17 
patients,and PIV-3 was detected in one patient. Those tested 

Table 1   Summary of patient demographics and FA-RP panel order-
ing characteristics

Abbreviations: FA-RP, Film Array Respiratory Panel; BMT, bone 
marrow transplantation

Total patients (n = 204)

Demographics
Female 78 (38%)
Male 126 (62%)
Median patient age 7 years
Patient age range 2 months to 24 years
Underlying diagnoses indicating BMT
Leukemia/lymphoma 121 (59.3%)
Other cancers 41 (20.1%)
Immunodeficiencies 32 (15.7%)
Aplastic anemia 7 (3.4%)
Other inherited disorders 3 (1.5%)
Respiratory specimen breakdown
Patients with one specimen 48 (23.5%)
Patients with ≥ two specimens 156 (76.5%)

Total specimens (n = 671)
Location at time of FA-RP order
Inpatient, BMT unit 414 (61.7%)
Outpatient BMT Clinic 205 (30.6%)
Emergency room 47 (7%)
Infusion center 5 (0.7%)
RA-RP panel specimens
Nasopharyngeal swab 647 (96.4%)
Tracheal aspirate 11 (1.6%)
Bronchoalveolar lavage 8 (1.2%)
Nasopharyngeal wash 5 (0.8%)
Total FA- RP positive 269 (40%)

Table 2   FA-RP targets detected in positive cases

Abbreviations: FA-RP, Film Array Respiratory Panel; hRV/hEV, 
human rhinovirus/enterovirus; PIV, parainfluenza virus; hCoV, 
human coronavirus; RSV, respiratory syncytial virus; hAdV, human 
adenovirus; hMPV, human metapneumovirus; No., number

Target No. detected % of all 
positive samples 
(n = 269)

hRV/hEV 161 60
PIVs 30
PIV-1 5 1.9
PIV-2 1 0.4
PIV-3 23 8.5
PIV-4 1 0.4
Non-SARS hCoV 24
hCoV OC43 14 5.1
hCoV NL63 4 1.5
hCoV 229E 3 1.1
hCoV HKU1 3 1.1
RSV 19 7.1
hAdV 5 1.9
hMPV 5 1.9
Influenza A 4 1.5
Influenza B 1 0.4
Co-infections 19
hAdV; hRV/hEV 2 0.7
hCoV HKU1; hRV/hEV 2 0.7
hCoV NL63; hRV/hEV 2 0.7
hCoV OC43; hRV/hEV 2 0.7
Influenza A; hRV/hEV 2 0.7
hAdV; PIV-4 1 0.4
hAdV; hCoV OC43 1 0.4
hCoV 229E; hRV/hEV 1 0.4
hCoV HKU1; hCoV OC43 1 0.4
hCoV HKU1; Influenza B 1 0.4
hCoV HKU1; hMPV 1 0.4
hAdV; CoV NL53; hRV/hEV 1 0.4
hCoV OC43; PIV-4 1 0.4
hMPV; hRV/hEV 1 0.4
PIV-3; hRV/hEV 1 0.4
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for “cure” of previous viral infection included 16 specimens 
from 15 previously positive and symptomatic patients, and a 
total of 5/16 (31.3%) remained hRV/hEV positive (Table 3).

Antimicrobial and antiviral management

FA-RP positives informed antiviral initiation of ribavirin 
with or without intravenous immunoglobulin (IVIG) or 
oseltamivir alone within 48 h in 19/56 (34%) patients who 
tested positive for RSV, IAV, IBV, PIV-1, or PIV-3 (Table 4). 
The average time to antiviral therapy initiation was 18.5 h 
from positive. Specifically, for IAV and IBV, the average 
time to oseltamivir initiation was 11.6 h. A total of 11/19 

(58%) RSV, PIV-1, or PIV-3 positive patients received riba-
virin with IVIG, while 1/19 (5.3%) received ribavirin alone. 
Most influenza positive patients 7/8 (87.5%) were prescribed 
oseltamivir (Table 4). A total of 37/56 (66%) patients that 
were positive for RSV, IAV, IBV, PIV-1, or PIV-3 were not 
prescribed antivirals (Table 4). No FA-RP negative patients 
received treatment with ribavirin, IVIG, or oseltamivir. 
Additionally, as expected, acyclovir, ganciclovir, valgan-
ciclovir, or foscarnet for viral prophylaxis or treatment of 
active herpes virus infection was unrelated to FA-RP.

Based on provider notes, 10/269 (3.7%) positive 
FA-RP results were temporally associated with continua-
tion (4/10, 40%) or addition (6/10, 60%) of azithromycin 

Table 3   Clinical reason for FA-RP order and corresponding targets detected in positive cases

Abbreviations: FA-RP, Film Array Respiratory Panel; URI, upper respiratory infection; LRI, lower respiratory infection; CXR, chest X-ray; No., 
number; BMT, bone marrow transplant; hRV/hEV, human rhinovirus/enterovirus; PIV, parainfluenza viruses; hCoV, human coronavirus; RSV, 
respiratory syncytial virus; hAdV, human adenovirus; hMPV, human metapneumovirus; IVA, influenza virus A; IVB, Influenza virus B
a hCoV_hRV/hEV (n = 6), hAdV_hRV/hEV (n = 2), hAdV_PIV (n = 1), hCoV_hCoV (n = 1), PIV_hRV/hEV (n = 1), hCoV_HPIV (n = 1), 
hAdV_hCoV (n = 1), hAdV_hCoV_hRV/hEV (n = 1), hCoV_IVB (n = 1)
b hCoV HKU1_hMPV, hMPV_hRV/hEV
c IVA_hRV/hEV (n = 2), hCoV NL63_hRV/hEV (n = 1)

Reason for FA-RP (n = 671) No. specimens (% 
of total 671 tested in 
study)

No. positive per 
test reason (%)

% of total 269 
positives in 
study

Breakdown of viral targets 
detected in positive cases 
(%)

URI symptoms 319 (47.5) 176 (55.2) 65.4 hRV/hEV = 114 (64.8)
PIVs = 17 (9.7)
hCoVs = 17 (9.7)
RSV = 6 (3.4)
hAdV = 3 (1.7)
hMPV = 3 (1.7)
IVA = 1 (0.6)
Co-infectionsa = 15 (8.5)

URI symptoms + fever 83 (12.4) 42 (50.6) 15.6 hRV/hEV = 13 (31)
PIVs = 6 (14.3)
hCoVs = 4 (9.5)
RSV = 10 (23.8)
hADdV = 2 (4.8)
hMPV = 2 (4.8)
IVA = 3 (7.1)
Co-infectionsb = 2 (4.8)

Fever only 81 (12) 19 (23.5) 7.1 hRV/hEV = 12 (79)
hCoVs = 3 (15.7)
IVB = 1
Co-infectionsc = 3 (5.3)

Asymptomatic screening 73 (10.9) 9 (12.3) 3.4 hRV/hEV = 9 (100)
Per-procedural screening including pre-BMT 49 (7.3) 5 (10.2) 2 hRV/hEV = 4 (80)

PIV = 1 (20)
LRI symptoms 42 (6.3) 10 (23.8) 3.7 hRV/hEV = 4 (40)

PIV = 3 (30)
RSV = 3 (30)

Asymptomatic, check for clearance after previous 
positive

16 (2.4) 5 (31.3) 2 hRV/hEV = 5 (100)

Non-URI symptom, i.e., nausea, diarrhea, ear pain, 
malaise

5 (.8) 1 (20) .04 PIV = 1 (100)

CXR pathology and respiratory symptoms 3 (.4) 2 (66.7) .076 PIV = 2 (100)
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within 48 h of result. The average time to addition was 
17.4 h (range 11–23 h). In these cases, azithromycin was 
used for anti-inflammatory/immunomodulatory effects 
based on provider notes, and all patients had abnormal 
chest X-ray (CXR). Patients were positive for hRV/
hEV (n = 3), hRSV (n = 3), PIV-3 (n = 2), PIV-1 (n = 1), 
or hCoV NL63 (n = 1). None showed evidence of co-
infection and/or superimposed bacterial infection based 
on imaging, corresponding bacterial cultures, and/or 
molecular tests were negative. There were no instances 
where azithromycin was discontinued following a posi-
tive FA-RP. Azithromycin therapy was also noted in the 
FA-RP negative group including 17/402 (4.2%) instances 
in 14 patients. In 9 (53%) cases, azithromycin was initi-
ated, and in 3 (17.6%) cases, the patient remained on pre-
viously prescribed course 3/17 (17.6%) due to abnormal 
CXR and/or concern for Mycoplasma pneumoniae. There 
was no documentation that the negative FA-RP informed 
these changes. To further elucidate azithromycin impacts, 
we compared proportions of FA-RP positive and nega-
tive patients where azithromycin therapy was continued 
or started. No statistically significant difference between 
the positive and negative groups was observed for addition 
of (p value 0.3) or continuing prescribed azithromycin (p 
value 0.6). Azithromycin was discontinued in 5/17 (29.4%) 
instances within 48 h of negative FA-RP result, but all 
were unrelated to FA-RP.

In one instance, ceftriaxone was prescribed prior to the 
FA-RP being ordered due to symptoms of URI and was 
subsequently discontinued within 5 h of positive RSV. 
All other instances of ceftriaxone initiation, continuation, 
or discontinuation (n = 46) in both FA-RP positive and 
negative groups were due to medical reasons unrelated to 
FA-RP. Changes to all other antibacterial and anti-fungal 
agents were due to reasons unrelated to FA-RP test result, 
e.g., prophylaxis, empirical neutropenic fever treatment, 
other infection, or end of antimicrobial course.

Changes in BMT procedure, other procedures, 
or chemotherapy courses due to FA‑RP results

Of 671 total FA-RP tests, in 91 instances, FA-RP was 
performed ≤ 10 days prior to a scheduled BMT. In 88/91 
(96.7%) instances, patients received their BMT as planned. 
This encompassed allogenic BMT (n = 45), CAR T cell 
therapy (n = 23), or autologous BMT (n = 20). A total of 
30/88 (34%) were FA-RP positive, and the BMT procedure 
was completed within an average of 5.5 days of result. The 
majority, 21/30 (70%), were hRV/hEV positives. Addi-
tional targets not impacting BMT procedure are captured 
in Table 5. There were no instances of positive IAV, IBV, 
hMPV, or hAdV pre-BMT; therefore, these scenarios were 
not evaluated. The remaining instances where FA-RP pre-
ceded BMT ≤ 10 days included 58/88 (66%) from the FA-RP 
negative cohort; 22/58 (38%) were asymptomatic tested as 
part of a pre-BMT workup, and a negative result “cleared” 
them for BMT. There were three documented instances of 
BMT procedural delay related to positive FA-RP: two had 
CAR T cell therapy delayed for 10 days due to hRV/hEV 
and RSV, respectively, and the other had allogenic BMT 
postponed for 7 days due to RSV (Table 5).

For other procedures, we identified 16 instances where 
FA-RP was performed ≤ 10 days prior to a scheduled pro-
cedure and/or chemotherapy in our patient cohort. All tests 
were performed due to presence of URI symptoms. Of the 12 
positives, four (33.3%) resulted in delay of a procedure and/
or chemotherapy treatment (Table 5). It should be noted that 
per facility policy, procedures not performed under general 
anesthesia would not be delayed due to a positive FA-RP 
and therefore are not included. In the 8/12 (66.7%) instances 
where procedure or chemotherapy continued despite a posi-
tive test, 7/12 (58.3%) were positive for hRV/hEV (Table 5). 
There were only two instances where FA-RP was negative 
in the symptomatic cohort with a scheduled procedure or 
chemotherapy, and both were completed.

Table 4   Antiviral management 
in subset of FA-RP positive 
cases

a Includes co-infection cases where the patient was positive for one of the targets listed in the table
Abbreviations: FA-RP, Film Array Respiratory Panel; PIVs, parainfluenza viruses; RSV, respiratory syncy-
tial virus

Antiviral treatment

Target detected Total positivea Untreated (%) Ribavirin (%) Ribavi-
rin + IVIG 
(%)

Oseltamivir (%)

RSV 19 12 (63) - 7 (37) -
Influenza A 6 1 (16.7) - - 5 (83.3)
Influenza B 2 0 (0) - - 2 (100)
PIV 1 5 2 (40) 1 (20) 2 (40) -
PIV 3 24 22 (91.7) - 2 (8.3) -
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Other measures of clinical intervention

According to the facility’s protocol, all FA-RP positive 
patients with respiratory symptoms are placed on appropri-
ate infection control precautions; therefore, FA-RP informed 
isolation in all 156 (100%) positive inpatient cases. Although 
de-isolation is not dependent on a negative test result, in 
the 16 cases where asymptomatic inpatients were tested for 
clearance after a previous FA-RP positive, 11 were repeat 
negative patients and de-isolated, and the other five tested 
positive again for hRV/hEV and were not de-isolated. A 
single IAV positive FA-RP informed discharge of a patient 
to complete oseltamivir therapy prior to suspended chemo-
therapy due to the IAV result. Regarding hospital admis-
sions, 257 patients were tested from BMT outpatient clinic, 
infusion center, or the ED, and 50 (19.4%) patients were 
subsequently hospitalized. Of these, 10/50 (20%) were hos-
pitalized due to respiratory symptoms with a positive FA-RP 
at the time of admission or shortly thereafter. Lastly, a sin-
gle patient had delayed “catch-up immunization” vaccine 
administrations by 1 week due to PIV-1 infection.

Repeat testing

Of the 204 patients in our cohort, 66 (32%) were tested by 
FA-RP ≥ two times within a 14-day period, encompassing 
189 specimens and 104 instances of repeat testing. A total of 
18 patients (26.9%) had ≥ 3 specimens tested within a 14-day 
period. The majority of repeat testing (74/104, 71.2%) 

yielded the same result within 14 days (Fig. 1). Conflicting 
results were found in 30/104 (28.8%) repeats with positive-
to-negative conversions (13, 12.5%) and negative-to-positive 
conversions (17, 16.3%) (Fig. 1). There were three positive-
to-positive cases where a different target was detected upon 
repeat (Fig. 1). Rationale for the 104 repeats included new 
or continued URI symptoms with or without fever (77/104, 
74%), worsening respiratory symptoms (11/104 10.6%), 
check for clearance after a previous positive (8/104, 7.7%), 
asymptomatic screen unrelated to a procedure (6/104, 5.8%), 
and pre-procedural screen based on patient account of previ-
ous cold-like symptoms (2/104, 1.9%). Data analyzed within 
a 7-day period showed similar results to analysis from the 
14-day period (Fig. 1).

There were two instances where negative-to-positive 
results informed escalation of antimicrobials within 48 h of 
repeat testing. In one case, an abnormal CXR 7 days after 
initial negative informed repeat testing which was PIV-1 
positive, and the patient was placed on ribavirin and azithro-
mycin within 42 h which is not standard for PIV-1 infections. 
In the second case, the patient tested negative despite having 
URI symptoms and then 8 days later clinically declined with 
oxygen desaturation to 85% and tested RSV positive. Patient 
was appropriately placed on ribavirin in combination with 
IVIG within 6 h, and azithromycin previously prescribed 
was continued.

For repeat tests between 7 and 14 days (i.e., 8–13 days 
after initial test), 140 specimens and 67 instances of retest 
were evaluated, and new clinical information was obtained 

Table 5   Delay or continuation of BMT and other procedures in FA-RP positive patients

Abbreviations: FA-RP, Film Array Respiratory Panel; BMT, bone marrow transplant; No., number; hRV/hEV, human rhinovirus/enterovirus; 
PIVs, parainfluenza viruses; hCoV, human coronavirus; RSV, respiratory syncytial virus; BMA, bone marrow aspiration

Procedure No. that continued 
with procedure (%)

No. positive tests 
where procedure 
continued (%)

Target detected (n) No. with delayed 
procedure due to 
positive test

Target detected (n)

BMT procedures 
(n = 91)

Allogenic BMT 45 (49.5) 9/45 (20) hRV/hEV (5)
PIVs (2)
hCoV OC43 (1)
hCoV OC43_hRV/

hEV (1)

1 RSV

Autologous BMT 20 (22) 10/20 (50) hRV/hEV (8)
hCoV HKU1 (1)
RSV (1)

- -

CAR T cell 23 (25.3) 11/23 (47.8) hRV/hEV (8)
PIVs (1)
RSV (1)
hCoV OC43_hRV/

EV (1)

2 hRV/hEV
RSV

Other procedures 
(n = 16)

Chemotherapy 4 (25) 1/4 (25) hRV/hEV (1) 3 RV/EV (2)
FluA (1)

Line or catheter 
placement under 
anesthesia

8 (50) 7/8 (87.5) hRV/hEV (6)
PIVs (1)

1 RSV
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in 20 (29.8%) cases when the retest result was different. 
Eleven out of 20 (55%) of cases were positive-to-negative 
conversions where the reason for retest was to test for 
clearance or persistence but not worsening URI symptoms. 
There were 9/20 (45%) negative-to-positive cases, and all 
patients had worsening respiratory symptoms. On average, 
repeat testing provided new information 10.5 days after 
initial test.

All 13 patients (100%) with positive-to-negative repeat 
tests performed ≤ 14 days later (which encompasses both 
the ≤ 14-day and ≤ 7-day groups) were switched from drop-
let isolation precautions to standard precautions. No other 
changes in clinical management were noted in the repeat 
testing group.

Discussion

Here, we investigated usage and clinical impacts of FA-RP 
testing ordered at full physician discretion in our pediatric 
BMT population to gauge current usage, investigate ration-
ale for test ordering, and evaluate clinical effectiveness of 
testing. Based on our findings, most FA-RP testing is per-
formed on BMT patients with respiratory symptoms, and 
in turn, respiratory symptomatology was the best predictor 
of test positivity. We report that a positive FA-RP ≤ 10 days 
preceding a scheduled BMT did not generally predict a delay 
in the BMT procedure with only three BMT procedural 
delays captured. In > 70% of the cases without procedural 
delays, patients were positive for hRV/hEV, which is often 

Fig. 1   Repeat testing outcomes. 
Repeat testing completed within 
14 days (A) and 7 days (B) of 
initial test revealed that greater 
than 70% of repeats offered 
no new clinical information, 
regardless of days between 
initial and repeat test. Overall, 
17 instances of new viral detec-
tion were observed with targets 
including 12 human rhinovirus/
enterovirus (hRV/EV), two 
parainfluenza virus 1 (PIV-1), 
one human coronavirus OC43 
(hCoV-OC43), and one res-
piratory syncytial virus. There 
were three instances of new 
viral illness detection follow-
ing a previous positive which 
included a human metapneumo-
virus (hMPV) to hCoV-OC43, 
a hRV/EV to hRV/EVh plu 
hCoV-OC43, and a hRV/EV to 
hMPV; all instances were seen 
in repeats completed past 7 days B

A
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less severe than other respiratory viruses such as influenza 
or RSV [5]. It is important to appreciate that care of BMT 
patients is complex and decisions to delay BMT procedure is 
often a multifactorial decision that considers each individual 
patient’s clinical scenario. A positive FA-RP result may con-
tribute to a small fraction of the decision-making process; 
BMT delay in the three cases documented here was in at 
least part due to FA-RP outcome based on provider notes.

Impact on antimicrobial therapy included antiviral and 
antibacterial management notably for the addition of ribavi-
rin with or without IVIG, addition of oseltamivir, and addi-
tion or continuation of azithromycin. Azithromycin is well 
described to have anti-inflammatory and immunomodulatory 
actions beyond antibacterial effects, and it has been reported 
to aid in viral infection management in BMT patients [19]. 
Although azithromycin usage was impacted by FA-RP in 
certain cases, positive and negative cohorts showed no statis-
tically significant difference in usage. No other antimicrobi-
als documented, other than a single case of discontinued cef-
triaxone, were impacted by FA-RP indicating the importance 
of other clinical reasons in driving antimicrobial treatment 
or prophylaxis irrespective of FA-RP. In many cases, there 
was no documented evidence that FA-RP altered clinical 
management. Further studies comparing FA-RP usage in 
healthy versus immunocompromised patients particularly in 
the pediatric population are warranted to provide an immu-
nocompetent comparator group to evaluate differences in 
management across patient sub-populations and better elu-
cidate other FA-RP impacts.

The most common viruses detected in our BMT cohort 
were hRV/hEV, followed by PIV-3, non-SARS-hCoVs, and 
RSV. These findings align with other studies that show high 
prevalence of these viruses relative to others in both immu-
nocompetent and immunocompromised patients [2, 8, 9]. 
Most patients tested by FA-RP had respiratory symptoms; 
however, a number of asymptomatic patients were tested 
either for general screening purposes, pre-procedurally, or 
test of cure after a previous positive. As FA-RP indication 
does not include patients with an absence of signs and symp-
tom suspicious for a respiratory infection, the utilization of 
this test in asymptomatic patients is a deviation from the 
manufacturer’s recommendation.

Multiplex panels like the FA-RP are a double-edged 
sword in clinical microbiology laboratories. These tests 
are highly sensitive, fast, easy to use, and simultaneously 
test for multiple targets [2]. This allows providers to more 
effectively manage their patients than was previously pos-
sible with traditional methods or even singleplex, standalone 
molecular assays [10, 12]. However, these very same ben-
efits can lead to overuse. Here, we report that repeat testing 
is not uncommon in BMT patients and > 70% do not offer 
any new clinical information when evaluated at both ≤ 7-day 
and ≤ 14-day repeat marks. A previous study in adults found 

that repeat respiratory panel testing had limited clinical util-
ity [20]. However, given the lack of published literature, 
there are currently no national or international guidelines 
addressing best practices surrounding repeat syndromic 
respiratory panel testing. At CHLA, we employ a 7-day 
restriction on FA-RP re-orders, which was motivated by 
institutional specific laboratory stewardship initiatives. Our 
findings here could potentially inform institutional restric-
tion extension to ~ 10 days without greatly impacting patient 
care based on results that repeats offered new information 
on average 10.5 days after the first test. Restriction removal 
could be informed by strict patient criteria that were shown 
in our findings to be associated with negative-to-positive 
results, including new or worsening respiratory symptoms or 
potential cluster investigation identified by infection preven-
tion team. Additional studies are underway at our institution 
solely investigating repeat FA-RP testing across all patient 
populations to further develop potential guidance. Further-
more, multicenter studies evaluating implementation of such 
criteria would be beneficial to better understand the impact 
of such approaches and to potentially harmonize how insti-
tutions address issues surrounding repeat syndromic panel 
testing.

There are important limitations to this work. This is a 
single-center study in a quaternary care, pediatric medical 
center and may not reflect findings from other institutions. 
Next, the notable limitations of retrospective chart review 
present challenges in evaluating nuances of undocumented 
patient care, and therefore, relevant information could have 
been missed. Although it’s important to know how results 
from the microbiology laboratory inform care in our sickest 
patients, these patients are often complex, and the impor-
tance of “knowing” a diagnosis can provide the care team, 
the patient, and the patient’s family piece of mind and halt 
clinical workup(s), which are difficult to measure in retro-
spective studies. Future prospective studies that directly cap-
ture decision-making processes of the BMT provider are 
needed. Lastly, our study only reviewed data obtained from 
the FA-RP panel which is not the only multiplex respiratory 
viral panel offered at CHLA; we additionally offer the Cep-
heid GeneXpert® Xpert Xpress Flu/RSV test. Additional 
studies to address impacts of multiple respiratory panels 
employed at the same institution, including the nuances of 
algorithm/reflex testing between panels not captured here, 
are warranted. Furthermore, comparator studies evaluating 
the performance of various multiplex respiratory panels 
available from different manufacturers/vendors would fur-
ther elucidate variability in panel-specific detection rate(s) 
and clinical management within the pediatric BMT popu-
lation to better understand best approaches for this highly 
complex patient group.

In summary, we demonstrate that FA-RP provided rapid 
etiological diagnosis in over half of symptomatic patients 
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tested. Additionally, FA-RP informed clinical course in most 
cases an antiviral initiation was available, aided providers in 
determining if a delay in BMT or other procedure/treatment 
was necessary, and informed isolation/de-isolation proce-
dures in all tested patients. Furthermore, we show that test-
ing asymptomatic patients and repeat testing are common for 
BMT patients and often do not offer new clinical informa-
tion to drive management. Multiplex molecular respiratory 
panels certainly have their place in modern medicine, and 
studies like this one are important to understand how clini-
cians utilize testing and the impact of results on specific 
patient populations and corresponding changes in clinical 
management.
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