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Abstract
Background: Less than 15% of acute respiratory infections (ARI) require antibiotics yet over 50% receive antibiotics.

Methods: FebriDx was performed on patients presenting with suspected ARI to an outpatient pediatric practice. Patients clinically suspected of bacterial infection 
received FebriDx testing and quantitative CRP. Physicians documented proposed treatment plan comparing the influence of using clinical assessment (CA) plus CRP 
versus CA plus FebriDx.

Results: Twenty children (2-12y) participated. Four had fever without source and 16 were clinically diagnosed with bacterial infection. Point-of-care (POC) testing 
plus CA determined that 90% (18/20) of patients originally characterized as bacterial by CA alone were subsequently deemed to have viral infections or microbiological 
unconfirmed respiratory illness (MURI) based on additional POC results. FebriDx reduced antibiotic prescription by 90% versus a 55% potential reduction associated 
with CRP. Patients did not require re-consultations or experience complications.

Conclusion: FebriDx may reduce unnecessary antibiotic prescribing compared to CRP testing in the outpatient pediatric setting.
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Introduction
Approximately 10-15% of presumed acute respiratory infections 

(ARI) are proven to be bacterial and require antibiotic therapy yet more 
than 50% of patients consistently receive antibiotic treatment [1]. The 
unnecessary prescription of antibiotics contributes to antimicrobial 
resistance [2,3] and leads to adverse drug events such as allergic 
reactions [4], diarrhea, secondary infections such as C. difficile infection 
[12] and return visits to a clinic. Furthermore, unnecessary antibiotic 
use significantly increases healthcare costs [5].

Fever is a common complaint seen in patients presenting to an 
outpatient pediatric clinic. In most cases, it is associated with acute 
respiratory tract symptoms including sore throat, earache, runny 
nose, or cough [6]. Most general practitioners (GPs) and pediatricians 
routinely depend on a clinical assessment for patients with a presumed 
diagnosis of otitis media, sinusitis, pharyngitis, and acute bronchitis [6]. 
It is challenging, especially in children in the early course of an infection, 
to accurately determine the etiology with a clinical assessment alone [7-
10]. Diagnostic uncertainty and patient expectations frequently drive 
unnecessary antibiotic treatments [11]. For this reason, many European 
countries frequently perform in office C-reactive protein (CRP) testing 
to confirm bacterial infections.

Improving diagnostic certainty may help identify patients that will 
benefit from antibiotic treatment [5,12,13]. Studies have demonstrated 
that use of CRP in addition to the clinical assessment may safely 
reduce antibiotic prescriptions [14]. While elevated CRP is often 
associated with bacterial infections, viral infections such as adenovirus, 
parainfluenza virus, influenza, respiratory syncytial virus (RSV), herpes 
simplex virus (HSV), Ebstein-Barr virus (EBV) and herpes zoster virus 
can frequently stimulate a CRP ≥ 20 mg/L [15-21] and thus CRP is an 
imperfect biomarker to differentiate viral and bacterial infections. As 
a standalone biomarker, CRP has sufficiently high negative predictive 

value (NPV) and is thus useful for identifying a host response to a 
clinically significant infection, but it lacks the requisite specificity to 
distinguish bacterial from viral infection and therefore can lead to 
approximately 38-56% antibiotic overtreatment of patients presenting 
with acute respiratory symptoms and signs [22,23].

FebriDx is a 10 minute, point-of-care (POC) test that identifies a 
clinically significant pathogen- associated host immune response and 
differentiates viral from bacterial etiology in patients presenting with 
symptoms of ARI, through measurement of two biomarkers in whole 
blood fingerstick samples: Myxovirus resistance protein A (MxA) and 
C-reactive protein (CRP). MxA is an intracellular protein that becomes 
elevated in the presence of acute viral infections.

This pilot study aimed to determine if the initial diagnosis of 
bacterial infection and subsequent antibiotic prescribing decisions 
could be improved by the addition of POC testing such as standalone, 
quantitative CRP or FebriDx test for pediatric patients presenting with 
an acute fever.

Methods
Twenty pediatric patients presenting to a private pediatric practice 

in Switzerland during the winter of 2019 were prospectively evaluated 
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if the addition of POC tests could impact antibiotic prescribing 
practices based solely on clinical diagnosis of bacterial infection, 
single biomarker quantitative CRP and dual biomarker FebriDx were 
performed. All discrepancies between the POC test diagnosis and the 
clinical diagnosis as well as between the two POC tests were captured 
and the impact on potential treatment pathways was reported. Due to 
the higher sensitivity and specificity of the FebriDx test compared to 
standalone CRP, the treating physician used the FebriDx test results 
to confirm the final diagnosis and guide the prescription of antibiotic 
treatment if the results were discrepant to standalone CRP. Caregivers 
were instructed to call or return to clinic if the patient remained febrile 
or decompensated over the subsequent 2 days.

Ethical approval and informed consent

The treating pediatrician had access to all diagnostic test results 
at the time of the office visit. This pilot assessment provided the 
pediatrician with unblinded laboratory results with approved diagnostic 
and therapeutic procedures according to generally accepted standards 
of care at the time of therapeutic decision, for which the pediatrician 
had the ability to control any and all treatment decisions, and therefore, 
institutional review board approval was determined to be not required. 
Antibiotic prescriptions and absolute reductions were calculated for 
each clinical assessment and POCT scenario: (i) clinical assessment 
alone, (ii) clinical assessment + CRP, (iii) clinical assessment + FebriDx. 
Chi square test was performed to examine the addition of POC tests to 
clinical diagnosis on antibiotic prescribing.

Results
Following routine clinical assessment, 20 febrile children were 

determined to have a presumed bacterial infection by solely the clinical 
assessment without any additional diagnostic testing. Of the 20 febrile 
children advancing to POC testing in the study, 20% (4/20) were 
determined to have an underlying bacterial infection presenting as a 
fever without a source and 80% (16/20) were presumed to have an acute 
febrile bacterial respiratory infection based on clinical diagnosis alone. 
All patients with a clinical diagnosis of suspected ‘bacterial’ infection 
subsequently had both a quantitative CRP and FebriDx test per formed 
(Figure 1).

The ages of the children proceeding to POC testing ranged from 2 
to 12 years, with a mean of 4.1 years. The tested population consisted of 
12 girls and 8 boys.

POC testing with standalone CRP and FebriDx altered the 
presumed clinical diagnosis of bacterial infection. A bacterial 
infection was confirmed in patients with a CRP ≥ 20 mg/L or FebriDx 
demonstrating only a control line and CRP result line consistent with 

as part of a pilot evaluation of the FebriDx test. Febrile pediatric patients 
presenting with symptoms consistent with febrile ARI and/or fever of 
unknown origin were clinically assessed by an experienced pediatrician 
for a bacterial or non- bacterial etiology. Only those patients clinically 
assessed, without access to POC testing, and determined to have a 
presumed bacterial infection based on symptoms and signs, were 
included in the pilot study. These patients were only evaluated with the 
POC tests when a participating physician was available and if it was 
decided that they required an antibiotic prescription without additional 
testing.

Clinical assessment included history and physical exam and 
a diagnosis of bacterial or non- bacterial cause was determined 
(initial classification). Patients with fever associated with a skin rash, 
rhinorrhea, and diarrhea were considered more likely to have a viral 
infection. Whereas, patients exhibiting fever as well as a sore throat 
associated with pus and enlarged cervical lymph nodes, or cough 
associated with age-based tachypnea, hypoventilation, indrawing and/
or crackling rales, were presumed to have a bacterial infection. As 
part of routine clinical care, patients that met the clinical criteria for 
a bacterial infection underwent subsequent testing with a standalone 
quantitative CRP (QuickRead® 101, Orion Diagnostica, Finland) and 
dual biomarker FebriDx® (Lumos Diagnostics; Sarasota, FL, USA) 
testing (post-POCT classification). Quantitative CRP was performed on 
an analyzer according to the manufactures package insert. CRP values 
greater than 20 mg/L were considered significant for bacterial infection. 
The FebriDx test is an affordable, qualitative, single-use, disposable, 
fingerstick whole blood immunoassay with a turn-around time of 10 
minutes [20]. The FebriDx test has an integrated all-in-one test cassette 
with a built-in retractable safety lancet, fixed volume blood collection 
and transfer tube, and push button buffer activation mechanism. The 
test requires 5 µL of whole fingerstick blood and provides a qualitative 
red test line result for elevated levels of MxA (C95 ≥ 40 ng/ml), a black 
test line result indicative for elevated CRP (C95 ≥ 20 mg/L), and blue 
control line to confirm a valid test result. A FebriDx test that results as 
elevated MxA, with or without an elevated CRP test line, is interpreted 
as a viral infection, the presence of any CRP test results without an 
associated elevated MxA, is interpreted as a bacterial infection and the 
presence of a blue control line without elevated MxA or CRP line is 
interpreted as a negative test.

Only patients who were presumed to have a bacterial infection, 
based solely on the pediatrician’s initial clinical assessment, were 
included in the evaluation. Considering that the clinical diagnosis 
prior to additional POC testing was ‘bacterial infection’, it was assumed 
without further testing, 100% of the patients clinically determined 
to have a bacterial infection would be prescribed an antibiotic. Thus, 
the ‘baseline’ antibiotic prescription rate prior to the standalone CRP 
and FebriDx testing was assumed to be 100% antibiotic prescribing 
decisions in patients with a clinical diagnosis of bacterial infection 
were reexamined with the addition of POC test based on the following 
conditions. For standalone quantitative CRP testing, all clinically 
suspected bacterial infections associated with a CRP ≥20 mg/L were 
confirmed as bacterial infections that warranted antibiotic treatment. 
CRP results of < 20 mg/L were considered to be either viral or lacking 
a clinically significant host response and thus antibiotics were deemed 
unnecessary and withheld. For FebriDx testing, any result showing an 
elevated CRP result line and a negative MxA result line was indicative 
of a host response to a bacterial infection and also warranted antibiotic 
treatment; however, a FebriDx test positive for MxA, with or without 
a positive line for elevated CRP, is indicative of a host response to a 
viral infection would not benefit from antibiotics. In order to assess 

Figure 1. Presumed diagnosis of febrile patients – Standalone CRP vs FebriDx). MURI: 
microbiological unconfirmed respiratory illness
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a bacterial infection. Patients tested with FebriDx and found to have 
a positive control line and a positive MxA result line, with or without 
a visible CRP result line, were classified as having a host response to a 
viral infection. If the FebriDx test showed a positive control line but was 
negative for both CRP and MxA result lines, this was deemed negative.

Standalone quantitative CRP testing demonstrated a CRP ≥ 20 mg/L 
in 50% (10/20) of the patients and were deemed a bacterial infection. 
FebriDx determined that 10% (2/20) patients to be a bacterial infection 
and further differentiated the other patients as viral in 85% (17/20) and 
microbiologically unconfirmed respiratory illness (MURI) in 5% (1/20) 
(Figure 1). Both patients found to have a positive CRP line on FebriDx 
without an associated elevated MxA, also showed a quantitative CRP 
≥ 20 mg/L.

The intention to prescribe antibiotics according to clinical 
assessment alone was presumed to be 100%, whereby in the absence 
of standalone CRP or FebriDx, all patients (n=20) would have been 
treated with antibiotic based on history and clinical presentation. When 
considering a baseline of a 100% prescribing rate for clinical diagnosis 
alone, the addition of single biomarker CRP test results would have 
reduced physician prescribing by 50% (10/20) whereas the addition 
of dual biomarker FebriDx to clinical assessment actually modified 
90% (18/20) of therapeutic decisions (Figure 2) p<0.00001. Follow up 
reveled resolution of clinical event with no further office consultations, 
antibiotics, or other complications.

Since 10% (2/20) of the initially suspected patients were confirmed 
as having a bacterial infection, 40% (8/20) antibiotic decisions were 
change by the addition of CRP to clinical assessment and 85% (17/20), 
p=0.77. of antibiotic decisions were change by the addition of FebriDx 
to clinical assessment (Figure 3).

When only considering patients presenting with acute respiratory 
symptoms (n=16), the intention to prescribe antibiotics according to 
history and clinical assessment alone was presumed to be 100% (16/16). 
The intention to prescribe antibiotics using single biomarker CRP could 
have led to 43.8% (7/16) of patients receiving antibiotics whereas, dual 
biomarker FebriDx could have led to antibiotic prescription in 6.3% 
(1/16) of patients with a clinically suspected ARI p=0.01 (Figure 4).

Therefore, when considering patients with symptoms of ARI, single 
biomarker CRP testing could have resulted in the avoidance of 56.3% 
of antibiotic prescriptions. Whereas, clinical assessment plus FebriDx 
avoided 87.5% of antibiotic prescriptions, p=0.049 (Figure 5).

Figure 2. Impact of POCT on clinical decision to treat with antibiotics (AB) in all patients, 
ARI and FWS (n=20). FDX: FebriDx

Figure 3. Impact of FebriDx on clinical and CRP decisions in all patients, ARI and FWS 
(n=20)

Figure 4. Impact of POCT on clinical decision to treat with antibiotics (AB), ARI only 
(n=16)

 

Figure 5. Antibiotics (AB) avoided by POCT in ARI patients only (n=16)

Discussion
POC testing in the pediatric outpatient setting can significantly 

enhance diagnostic certainty, antibiotic prescribing, and thus support 
antibiotic stewardship efforts in patients with acute fever for suspected 
respiratory infection. In this pilot evaluation, both single biomarker, 
quantitative CRP testing and the dual biomarker FebriDx (MxA + 
CRP) improved the clinical diagnosis and supported a significant 
reduction in antibiotic prescription. MxA, is specifically induced by the 
production of Type I interferon (IFN) α/β which is a key component of 
the innate host response to viral infections and has immune modulating 
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and antiviral functions [24]. MxA is not generally found to be elevated 
in healthy individuals nor expressed in response to cytokines associated 
with bacterial infections such as IL-1 or TNF-α [25-27] and therefore 
contributes to the much needed specificity to the interpretation of the 
single biomarker CRP test. Since lower CRP levels can be associated 
with both bacterial and viral infection [28], the addition of a viral 
host response biomarkers such as MxA allows lower CRP thresholds 
to be used, in order to prevent missing a clinically significant bacterial 
infection.

FebriDx testing combined with clinical assessment indicated that 
only 6-10% of patients warrant antibiotic treatment and 85-87.5% of 
patients would avoid antibiotics by incorporating the test results into 
the clinical decision. Using clinical judgement alone and no further 
POC testing, 100% of the patients would have received an antibiotic 
prescription (i.e. 20/20), however FebriDx could change the clinical 
inclination to prescribe antibiotics in over 85% of decisions compared 
to 40% for the standalone CRP testing. These data are consistent with 
findings in the adult, outpatient setting where a 48% of clinical decisions 
to prescribe antibiotics were impacted by FebriDx which resulted in 
an 80% reduction in antibiotics [11]. Also, similar to the adult study, 
all patients in the current study, inclusive of patients who received or 
did not receive antibiotics, made a full recovery and did not require 
additional office visits or antibiotics.

The FebriDx test was well tolerated by the pediatric patients as the 
participating children did not cry (or report pain) during the fingerstick 
portion of the test. Although the test incorporates all components into 
one, portable, easy to use cassette, collecting and transferring the blood 
requires complete filling of the capillary collection tube or blood will 
not transfer to the test strip because of lack of capillary action and lead 
to invalid tests. There was some initial learning required to master this 
step.

One symptomatic patient was negative for both elevated MxA and 
CRP on the FebriDx test and was confirmed to have a quantitative CRP 
level less than 8 mg/L and thus no antibiotics were prescribed. This 
patient represents a group of patients who present symptomatic but 
lack a clinically significant host immune response and are often found 
to exhibit a microbiologically unconfirmed respiratory illness (MURI). 
MURI patients make up between 28-62% of patients that present 
with symptoms and signs of acute respiratory infections depending 
on whether or not the patients are confirmed febrile at the time of 
presentation [23]. Patients with microbiological confirmation that 
lack a systemic immune response suggests the existence of microbial 
colonization or a clinically insignificant local infection. Those patients 
without microbial confirmation and a limited immune response may 
represent a self-limiting infection or convalescent phase, or represent 
a case of MURI and likely do not require immediate antibiotics and 
may be managed through a watchful waiting strategy [17,23]. Both the 
identification of (i) a pathogen in association with a systemic immune 
response or (ii) a systemic host immune response without pathogen 
identification, not only suggests the presence of a clinically significant 
infection but also may guide antibiotic prescriptions.

The other borderline patient case included a quantitative CRP test 
that was >160 mg/L and FebriDx test that was elevated for both CRP 
and MxA. The vast majority of patients (>98-99%) with an elevation 
in both MxA and CRP are eliciting a host response to a viral infection 
[17,22,23]. Despite the POC determination of a viral infection, due to 
the CRP level >100 mg/L, a bacterial co-infection could not be ruled 
out. The decision, based on the age of the patient, was to treat the patient 

as a possible co-infection. After one day of observation the patient was 
managed as a probable viral infection.

The incidence of co-infection for ARI, inclusive of otitis media, 
sinusitis, pharyngitis, and bronchitis, is generally low. True co-
infections with a confirmed host immune response as opposed to 
co-identification of a pathogen occurs in less than 1%-2% of cases 
[17,23,29-32]. Furthermore, it is well documented that viral infections, 
such as influenza, Epstein-Barr virus and adenovirus, may lead to 
substantial increases in CRP, often 100-172 mg/L [17,33-35] and thus 
a CRP > 100 mg/L is possible in a patient with a viral associated host 
immune response.

Although FebriDx cannot differentiate a rare co-infection, the 
97-99% NPV suggests that the FebriDx test may support an initial 
watchful waiting antibiotic strategy [23]. Notwithstanding, antibiotics 
are often prescribed with the mindset of ‘just in case’ to avoid missing 
a potentially serious bacterial infection. However, in the context of 
low risk patients with acute respiratory infections (ARI), the risk of 
developing a serious complication due to lack of antibiotic prescription 
is very low as evidenced by the evaluation of 3.36 million episodes of 
ARI presenting to UK primary care practices to determine the extent to 
which antibiotics reduce the risk of developing serious complications. 
Over 4000 cases would need to be treated with antibiotics to prevent 
one serious complication resulting from the primary ARI [36]. Despite 
the low risk of developing complications and the high NPV of FebriDx 
for identifying a bacterial infection [23], the need for antibiotics should 
be strongly considered in vulnerable populations such as neonates and 
immunocompromised patients.

This study has several limitations including the small sample size, 
single centre experience, and the lack of blinded reference test results. 
Although the finding of statistical significance should be interpreted in 
the context of the small sample size, the data is promising and supports 
pursuing larger outcome studies, inclusive of more diverse patient 
populations.

Conclusion
POC testing may significantly improve antibiotic stewardship 

in the outpatient setting. FebriDx test results improved clinical 
management decisions and resulted in a significant reduction in 
antibiotic prescriptions. POC diagnostic testing with the FebriDx 
test may provide a cost-effective approach to outpatient antibiotic 
stewardship.
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