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Abstract

Objectives: To determine the diagnostic accuracy of a rapid host-protein test for dif-

ferentiating bacterial fromviral infections in patientswho presented to the emergency

department (ED) or urgent care center (UCC).

Methods: This was a prospective multicenter, blinded study. MeMed BV (MMBV),

a test based on tumor necrosis factor-related apoptosis-inducing ligand (TRAIL),

interferon gamma-inducible protein-10 (IP-10), and C-reactive protein (CRP), was

measured using a rapidmeasurement platform. Patients were enrolled from9 EDs and

3UCCs in theUnitedStates and Israel. Patients>3monthsof agepresentingwith fever

and clinical suspicion of acute infection were considered eligible. MMBV results were

not provided to the treating clinician. MMBV results (bacterial/viral/equivocal) were

compared against a reference standard method for classification of infection etiology

determined by expert panel adjudication. Expertswere blinded toMMBV results. They

were providedwith comprehensive patient data, including laboratory, microbiological,

radiological and follow-up.

Results: Of 563 adults and children enrolled, 476 comprised the study population

(314 adults, 162 children). The predominant clinical syndrome was respiratory tract

infection (60.5% upper, 11.3% lower). MMBV demonstrated sensitivity of 90.0% (95%

confidence interval [CI]: 80.3–99.7), specificity of 92.8% (90.0%–95.5%), and nega-

tive predictive value of 98.8% (96.8%–99.6%) for bacterial infections. Only 7.2% of

cases yielded equivocal MMBV scores. Area under the curve for MMBV was 0.95

(0.90–0.99).

Conclusions: MMBV had a high sensitivity and specificity relative to reference

standard for differentiating bacterial from viral infections. Future implementation

of MMBV for patients with suspected acute infections could potentially aid with

appropriate antibiotic decision-making.

KEYWORDS
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1 INTRODUCTION

1.1 Background

Infectious disease-related complaints are a common reason both pedi-

atric and adult patients present to emergency departments (EDs)

and urgent care centers (UCCs).1,2 Differences exist regarding the

approach to work-up and treatment decisions in children and adults

based on a variety of factors including age, prior immunization history,

and clinical appearance of the patient. Accordingly, significant practice

variability and widespread empiric antibiotics are commonplace.3–5

Acute care clinicians could benefit from adjunctive accurate diagnostic

tools, which complement the clinical workflow of the ED and UCC and

can aid in determiningwhether the etiology of an acute febrile illness is

more likely to be bacterial or viral.

1.2 Importance

Despite advances in pathogen-based diagnostics (eg, syndromic poly-

merase chain reaction [PCR] tests), tests that directly detect the

pathogen are intrinsically limited, given a variety of factors including

that detectionmay be due to colonization and not indicate the disease-

causing agent.6–9 Furthermore, despite use of multiple pathogen

detection panels, microorganisms often are not detected.10–12 Two

host biomarkers that have been evaluated for use in clinical practice

to help differentiate bacterial from viral infection are C-reactive pro-

tein (CRP) and procalcitonin (PCT). However, as single, predominantly

bacterial-inducedproteins, eachhasperformance limitations, including

variable diagnostic accuracy across different patient subgroups13 and

across pathogens.14 Efforts are ongoing to develop novel diagnostic

assays that computationally integrate multiple host biomarkers into a

mailto:rrothma1@jhmi.edu
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The Bottom Line

This prospective multi-center, blinded study examined the

diagnostic accuracy of using MeMed BV (MMBV), a novel

blood test based on tumor necrosis factor-related apoptosis-

inducing ligand (TRAIL), for differentiating between bacterial

versus viral infections in 563 participants (314 adults, 162

children). MMBV had a high sensitivity 90.0% (95%CI: 80.3–

99.7) and specificity 92.8% (90.0–95.5) and negative predic-

tive value of 98.8% (96.8–99.6) for bacterial infections, and

thus potentially lending to its future clinical use.

host–immune score, leveraging advantages of the host response while

overcoming limitations of a single biomarker.10,15–17

One well-studied host-protein test called MeMed BV (MMBV)

computationally integrates the circulating levels of two viral-induced

proteins—tumor necrosis factor-related apoptosis-inducing ligand

(TRAIL) and interferon gamma-inducible protein-10 (IP-10)—together

with CRP into a bacterial versus viral likelihood score.10,13,18–22 In a

previous study in children aged3months to18yearswith clinical suspi-

cion of respiratory tract infection (RTI) or fever without source (FWS),

MMBV demonstrated sensitivity of 93.7% (95% confidence interval

[CI]: 88.7–98.7), specificity of 94.2% (95% CI: 92.2–96.1), and NPV of

98.9% (95% CI: 98.0–99.8), with only 9.8% of cases yielding MMBV

equivocal results.11 Notably, the MMBV result indicates a bacterial

immune response when a bacterial and viral co-infection occurs,11,14

which supports appropriate antibiotic use.

1.3 Goals of this investigation

To date, the majority of diagnostic accuracy studies of MMBV have

focused on pediatric patients in inpatient units and EDs outside of

the United States with a first-generation ELISA-based measurement

platform.10,18,19,21–23 The aim of this study was to establish the diag-

nostic accuracy of a rapid user-friendly version of theMMBV platform

in both children and adults in EDs and UCCs in the United States

and Israel. In addition, we estimated the potential impact of MMBV

use on antibiotic use (study design and results are summarized in

Video S1).

2 METHODS

2.1 Study design and setting

The Apollo study (NCT04690569) was a prospective, diagnostic accu-

racy study of MMBV for differentiating bacterial from viral infections

in children and adults for whom the treating clinician suspected an

acute infection. There were 9 ED and 3 UCC participating sites (see

list in the Supporting Information). Recruitment was from May 2019

through August 2020. A flow chart of the study design is detailed in

Figure S1. The study design, objectives, and statistical frameworkwere

aligned with the FDA for supporting regulatory clearance of MeMed

BV (test cartridge,MMBV) and the rapidMeMedKey (analyzer).

2.2 Selection of participants

Study enrollment occurred during theworking hours of the study coor-

dinators at each site. Every potentially eligible patient was approached

and assessed for inclusion in the study. The study investigator had

no direct involvement in determining which patient was approached.

Enrollment was conducted as follows: Trained study coordinators

reviewed the electronic medical records of patients after the patient

had been triaged at the participating ED/UCC to determine if the

patientwaspotentially eligible (basedon clinical documentationof sus-

picion of infection and broad eligibility criteria). For patients whowere

deemed potentially eligible, the coordinator approached the attending

clinician and asked if the clinician suspected an infection; for those that

indicated yes, the coordinator reviewed all the inclusion/exclusion cri-

teria. Those patientswhomet all inclusion criteria and had no exclusion

criteriawere considered eligible and approached for informed consent.

Thosewho consentedwere enrolled andbloodwas drawn. Factors that

impacted which patients were enrolled (versus not) included working

hours of the coordinators, research burden of the study coordinators

(eg, some sites were running multiple studies with overlapping target

populations), and frequency that blood was drawn as part of clinical

care.

Inclusion criteria were age over 90 days with treating clinician

suspicion of an acute bacterial or viral infection, duration of cur-

rent symptoms less than or equal to 7 days, and temperature greater

than or equal to 37.8◦C (100◦F) and/or self-reported fever within the

last 7 days (ie, not required at time of presentation). The principal

exclusion criteria were unrelated episodes of febrile illness within the

prior 2 weeks or being immunocompromised; full exclusion criteria

are detailed in the Supporting Information. For all patients, informed

consent was obtained from the subject or his/her legal guardian.

Depending on local requirements, assent was obtained from children

under 18 years old. Institutional Review Board or Ethics commit-

tee approval was obtained in each participating medical center. IRB

numbers are provided in the Supporting Information.

2.3 Exposures

Following informed consent, two study-specific specimens were col-

lected (blood sample and nasopharyngeal sample) and processed to

ensure that mandatory data were available for each subject for the

purpose of the adjudicated reference standard. In addition, the blood

sample was processed to generate the MMBV result. These study-

specific datawere not available to the attending physician nor included

in the patient’s medical record.
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2.4 Measurements

2.4.1 Study procedures

The following were mandatory measurements: (1) CRP and PCT test

results (processed centrally for all study participants); (2) complete

blood count (CBC) with differential; (3) BioFire respiratory panel (ade-

novirus; coronavirus 229E, HKU1, NL63, OC43; enterovirus; human

rhinovirus; human metapneumovirus; influenza A [Flu A; subtypes

H1, H1-2009, and H3]; influenza B [Flu B]; parainfluenza virus 1, 2,

3, 4; respiratory syncytial virus; Bordetella pertussis; Chlamydia pneu-

moniae; Mycoplasma pneumoniae) (processed centrally for all study

participants); (4)MMBV result (processed locally for fresh samples and

centrally for frozen samples). Non-mandatory tests are described in

the Supporting Information.

Follow-up calls were performed by trained study coordinators to

collect post ED/UCC discharge information (at least 1 week after the

initial visit) as a component of the data provided to the adjudicators

for establishing the reference standard infection etiology. Phone calls

were made beginning at 7 days and up to 35 days. The follow-up call

was structured, and the detailed template is provided as Supporting

Information Appendix 1. Patients were not excluded if unable to be

contacted; 113 of 476 (23.7%) did not have follow-up data.

For each patient identified as meeting eligibility criteria and who

gave informed consent, a structured electronic case report form

(eCRF) was completed by study coordinators. The details of the data

included in the eCRF are given in the Supporting Information. A ded-

icated software was created to extract the data automatically from

an eCRF and create a “medical record” for the purpose of adjudica-

tion; a sample medical record is provided as Supporting Information

Appendix 2.

2.4.2 Reference standard infection etiology and
adjudication process

The reference standard infection etiology was defined by expert

adjudication12,24 given the lack of a widely accepted gold standard, ie,

for diagnosing bacterial infection in the absence of positive cultures.

Every case was independently reviewed by three expert adjudica-

tors from a pool of 21 international clinician experts, with a minimum

of 7 years of relevant experience (see Acknowledgments section).

Experts were provided with the “medical record” created for adjudi-

cation purposes (see Section 2.4.1). The adjudicators were blinded to

MMBV results. Each expert was required to assign the patient one

of the following classifications: (i) bacterial, including bacterial-viral

co-infection (confidence > 90%) or (ii) bacterial, including bacterial-

viral co-infection (confidence 70%–90%) or (iii) indeterminate or (iv)

viral (confidence 70%–90%) or (v) viral (confidence > 90%) or (vi) non-

infectious. Confidence was assigned based on the adjudicator’s clinical

judgement. An adjudicated bacterial or viral reference standard eti-

ology required that two of three experts assign the same label with

greater than 90% confidence, and/or that all three experts assign the

same label with greater than 70% confidence. The remaining cases

were assigned as having an “indeterminate” reference standard infec-

tion etiology. Further details on the adjudication process are provided

in the Supporting Information.

2.4.3 Index test

The index testwasMeMedBV (MMBV),whichwas run for this studyon

the MeMed Key rapid platform. The MMBV test cartridges are single-

use, multiwell containers that receive 100 µL of the patient’s serum

sample, contain all the reagents and disposables necessary to conduct

immunoassays, and are the reservoirs for the waste. Upon insertion of

theMMBV test cartridge into theMeMedKey analyzer, three indepen-

dent immunoassays are conducted inparallel tomeasure the threehost

biomarkers (TRAIL, IP-10, andCRP). Analytical validationof the system

is described in Hainrichson et al.25

MMBV computationally integrates TRAIL, IP-10, and CRP mea-

surements into a score ranging from 0 to 100 using an algorithm

derived previously10 and employed in all previous studies.11,18,19,22

The thresholds of five score bins for result interpretationwere defined

previously:11,25 0 ≤ score ≤ 10, high likelihood of viral infection (or

other non-bacterial etiology); 10 < score < 35, moderate likelihood

of viral infection (or other non-bacterial etiology); 35 ≤ score ≤ 65,

equivocal; 65 < score < 90, moderate likelihood of bacterial infec-

tion (including coinfection); and 90 ≤ score ≤ 100, high likelihood of

bacterial infection (including coinfection) (Figure 1).

2.4.4 Blinding

Study team members with access to reference standard and clinical

data, for example, clinical research coordinators and principal investi-

gators, did not have access to the index test result. Conversely, study

team members with access to the index test result, for example, labo-

ratorians or members of the company (MeMed) service team, did not

have access to the reference standard and clinical data. In addition to

this blinding, none of the expert adjudicators had access to theMMBV

result.

2.5 Outcomes

MMBV performance for differentiating between bacterial and viral

infectionwas assessedby comparing theMMBVresult to the reference

standard infection etiology, with bacterial (or co-infection) consid-

ered positive. Reference standard indeterminate cases were removed

from the calculation. Of note, reference standard non-infectious cases

were grouped togetherwith reference standard viral infection etiology

and considered negative. The potential impact of MMBV on antibiotic

prescription was evaluated.
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F IGURE 1 MeMed BV (MMBV) interpretation.

2.6 Data analyses

The following statistical frameworks were employed:

1. Sensitivity, specificity, negativepredictive value (NPV), positivepre-

dictive value (PPV), positive likelihood ratio (LR+), and negative

likelihood ratio (LR−) were calculated based on two predefined

score thresholds.11,19,22 Cases with MMBV > 65 were classified

as a bacterial infection (including co-infection) and cases with

MMBV < 35 were classified as a viral infection (or other non-

bacterial etiology). Cases with scores ranging between 35 and 65

were classified as equivocal, removed from these calculations and

are given as a rate.

2. Area under the receiver operating characteristic curve (ROC-AUC)

analysiswas conducted using all possible thresholds, and in the case

of MMBV, without excluding equivocal patients. Two-sided statis-

tical significance of the difference between MMBV and PCT AUCs

was calculated using themethod of Hanley andMcNeil.26

3. The probability of bacterial infection was established as an increas-

ing function of MMBV. For this purpose, patients were assigned

to five pre-determined score bins (see Section 2.4.3) according to

their MMBV score and within the bin according to their reference

standard infection etiology: bacterial versus viral/non-infectious.

A pass of two statistical tests was required to demonstrate study

success and was the basis of the sample size calculation (see Sup-

porting Information for the sample size calculation). Test #1: the

Cochran–Armitage (CA) test for trend with a two-sided 5% level

of significance was used to reject the null hypothesis that there is

no trend of increasing probability of bacterial infection with higher

MMBV score. Test #2: the 95% CI of the interval LR should exclude

the value1 for someof thebins, as inclusionof 1 indicates that there

is no significant enrichment of either bacterial or viral cases in that

bin (preferably only the CI of the LR of themiddle binwould include

1). For each bin, interval LR was defined as the ratio between the

bacterial prevalence versus the viral prevalence.

Since MMBV scores were not provided to the treating clinician, the

test’s impact on actual antibiotic prescription decisions could not be

directly calculated. To evaluate the potential impact of MMBV on ant,

we examined and compared: (1) the concordance between the antibi-

otic prescription in the medical record and the reference standard

infection etiology; and (2) the concordance between theMMBV result

and the reference standard infection etiology. MMBV’s conjectured

impact on antibiotic use was calculated based on the assumption that

the clinician would have changed their prescription practice to align

withMMBV (eg, if MMBV result was bacterial then the clinician would

have prescribed antibiotics and in cases with equivocal MMBV results,

their practice would not change).

3 RESULTS

3.1 Study population characteristics

A total of 563 potentially eligible patients with suspicion of an acute

infection were prospectively enrolled at EDs and UCCs in the United

States and Israel (Figure 2), of which 87 patients were subsequently

excluded (exclusions are listed in Table S1), leaving 476 patients who

comprised the final study population. Of those, 372 were assigned a

viral reference standard infection etiology, 44 were assigned a bacte-

rial reference standard infection etiology, and the remaining 60 were

assigned as indeterminate. The reference standard was based on the

etiological labels assigned by three experts, and in 91.7% (341/372)

and 93.2% (41/44) of cases, all three unanimously assigned a viral or

bacterial label, respectively.

Age range for the study population was from 5 months to 92 years,

with 34% under 18 years (Table 1); the study population was bal-

anced for gender (52.3% females and 47.7% males). At the time of

presentation, 51.5% of patients presented after more than 2 days

of symptoms and 2.1% had received antibiotics prior to enrollment.

Approximately one-quarter (25.6%) of the patients reported having
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F IGURE 2 Patient enrollment flow: Note that “viral” includes non-infectious cases and “bacterial” includes bacterial and viral co-infections.
MMBV,MeMed BV.

at least one comorbidity, with hypertension being the most preva-

lent (12.0%). The most common ED/UCC discharge diagnosis was RTI,

with 60.5% of the patients discharged with a diagnosis of upper RTI

and 11.3% of the patients discharged with lower RTI. The majority

of patients were discharged home while 13.2% were hospitalized. A

microbiological finding was detected as part of routine care in 32.8%

of the patients (Table S2A); all detections are listed in Table S2B.

Patient characteristics stratified according to reference standard

are provided in Table S3 and stratified according to children versus

adults in Table S4. Hospital admission was significantly more frequent

in children than adults (22.8% vs 8.3%).

3.2 MMBV performance

The AUC for MMBV was 0.95 (95% CI: 0.90–0.99), with a sensitiv-

ity and specificity of 90.0% (95% CI: 76.4–96.6) and 92.8% (95% CI:

89.5–95.1), respectively (Table 2); the impact of bacterial prevalence

on PPV and NPV is modeled in Figure S2. Higher MMBV scores were

statistically correlated with a higher likelihood of bacterial infection

(Cochrane–Armitage p-value < 0.0001; Table 3). Notably, only four

of the 44 patients assigned a reference standard bacterial infection

etiology received viral MMBV results (false negatives; Table S5). Con-

versely, 25 out of the 372 assigned a reference standard viral infection

etiology had anMMBV result indicative of bacterial infection; 19 of 25

were in the score bin 65 < score < 90. MMBV’s performance in adults

was comparable to theentire cohort (seeTable S6;Cochrane–Armitage

p-value< 0.0001). Only eight children were assigned a reference stan-

dardbacterial infectionetiology; theperformanceofMMBV in children

is given in Table S7 (Cochrane–Armitage p-value< 0.0001).

The sensitivity, specificity, NPV, and PPVwere similar when the ref-

erence standard infection etiology was adjudicated by experts blinded

to CRP and PCT in addition to MMBV (see Supporting Information

for details on CRP/PCT-blinded adjudication and Table S8 for per-

formance results). A comparable AUC for MMBV was demonstrated

irrespective of sex, age, ethnicity, race, time from symptom onset, prior

antibiotics, and hospitalization (Table S9). Also, a comparable AUC for

MMBV was observed across patients recruited at the UCC versus ED

settings (0.95 [95% CI: 0.85–1.00] vs. 0.94 [95% CI: 0.89–1.00]) and

across URTI versus LRTI (0.94 [95% CI: 0.87–1.00] vs. 0.97 [95% CI:

0.90–1.00]).

3.3 MMBV distribution in patients with
indeterminate reference standard infection etiology

As noted above, among the 476 patients in the study population,

there were 60 patients for whom the expert adjudication panel

was uncertain regarding whether the underlying etiology was bacte-

rial or viral, despite the availability of comprehensive data including

follow-up; these cases were operationally labeled as reference stan-

dard infection etiology “indeterminate” and were not included in

the performance calculations. The distribution of MMBV results for

these 60 indeterminate cases with expert adjudication uncertainty is

shown in Figure 3, of which 73% (44/60) received an MMBV result

indicating either bacterial or viral infection, and 27% (16/60) were

equivocal. Of note, 41.7% (25/60) had an MMBV result falling into

the score bin 90–100 (interpreted as a high likelihood for a bac-

terial infection) or 0–10 (interpreted as high likelihood for a viral

infection).
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TABLE 1 Characteristics of eligible study cohort (n= 476).

Characteristic Frequency

Demographics Female, n (%) 249 (52.3)

Adults, n (%) 314 (66.0)

Age (years), mean (SD) 27.9 (19.4)

Hispanic/Latino, n (%) 59 (12.4)

Race Asian, n (%) 20 (5.4)

Black or African

American, n (%)
82 (22.0)

Othera, n (%) 36 (9.7)

White, n (%) 234 (62.9)

Current illness Temperature (◦C), mean

(SD)

38.2 (1.1)

Pre-enrollment

antibiotics, n (%)
10 (2.1)

Days from symptom

onset, median (IQR)

3.0 (2.0)

Symptom duration> 2

days, n (%)
245 (51.5)

Hospital admission,

n (%)
63 (13.2)

Days hospitalized,

median (IQR)

4.0 (1.0)

Comorbidities Chronic obstructive

pulmonary disease,

n (%)

5 (1.1)

Diabetes, n (%) 27 (5.7)

Hyperlipidemia, n (%) 27 (5.7)

Hypertension, n (%) 57 (12.0)

Ischemic heart disease,

n (%)
6 (1.3)

Clinical syndromeb URTIc, n (%) 288 (60.5)

LRTId, n (%) 54 (11.3)

Othere, n (%) 80 (16.8)

Abbreviations: IQR, interquartile range; SD, standard deviation.
aEach patient can only be included in one race. “Other” includes patients

labeled as havingmore than one race.
bThe clinical syndrome relates to the discharge diagnosis. Patients can be

included inmore than one clinical syndrome.
cURTI= upper respiratory tract infection; encompassed acute otitis media;

croup; tonsillitis; acute upper respiratory infections; peritonsillar abscess;

pharyngitis; pharyngitis due to infectious mononucleosis; acute sinusi-

tis; aphthous stomatitis; bacterial sinusitis; coronavirus (Covid-19) infec-

tion; Covid-19. Scarlet fever; flu/influenza; herpangina; laryngitis; Rsv;

respiratory viral syndrome; strep pharyngitis; tracheitis; viral uri; viral

induced wheezing; wheezing-associated respiratory infection; and viral

rhinopharyngitis.
dLRTI = lower respiratory tract infection; encompassed acute bronchi-

olitis; acute bronchitis; bronchopneumonia; COPD (chronic obstructive

pulmonary disease) exacerbation; community acquired pneumonia; lobar

pneumonia; multifocal pneumonia; occult or aytpical pneumonia; bacterial

pneumonia; viral pneumonia; viral bronchitis; acute exacerbation of chronic

bronchitis; and asthmatic bronchitis.
e“Other” includes the following clinical syndromes: abdominal pain; abscess;

appendicitis; asthma; cellulitis; febrile convulsions; fever; gastroenteritis;

headache; and unspecified viral infection.

TABLE 2 MeMed BV (MMBV) performance for identification of
bacterial versus viral infection, n= 416.

Sensitivity % (95%CI) 90.0 (76.4–96.6)

Specificity % (95%CI) 92.8 (89.5–95.1)

PPV% (95%CI) 59.0 (46.5–70.5)

NPV% (95%CI) 98.8 (96.8–99.6)

LR+ (95%CI) 12.5 (8.4–18.4)

LR− (95%CI) 0.1 (0.0–0.3)

Equivocal % 7.2

ROC-AUC (95%CI) 0.95 (0.90–0.99)

Abbreviations: CI, confidence interval; LR+, positive likelihood ratio. LR−,

negative likelihood ratio; NPV, negative predictive value; PPV, positive pre-

dictive value; ROC-AUC, area under the receiver operating characteristic

curve.

3.4 MMBV comparison to PCT and current
practice

MMBV significantly outperformed PCT (Figure 4) with an AUC of 0.95

(95%CI: 0.90–0.99) as compared to 0.70 (95%CI: 0.61–0.79). Applying

a standard threshold of 0.25 ng/mL for PCT,MMBV also demonstrated

superior performance in reclassification analysis (Table S10). Consider-

ing the 372 patients with a viral reference standard infection etiology,

74 were given antibiotics, of whom 60 got aMMBV result indicative of

a viral infection. To conjecture regarding the overall potential impact

on antibiotic prescription for viral reference standard infection etiol-

ogy patients, cases where MMBV indicated bacterial infection were

taken into account, and also cases with an equivocal result, for which

clinical practice was assumed to be unchanged. Applying this analysis,

use of MMBV could potentially have reduced antibiotic prescription

in patients with a viral reference standard infection etiology by 2.2-

fold, from 19.9% (74/372; 95% CI: 16.1–24.3) to 8.9% (33/372; 95%

CI: 6.4–12.2).

4 LIMITATIONS

First, enrollment was constrained by the work hours of the site

research coordinator, which may introduce a bias in the included pop-

ulation. Second, the reference standard expert panel was provided

with CRP and PCT values during adjudication, potentially introducing

incorporation bias. However, use of an independent adjudication pro-

cess with experts blinded to CRP and PCT generated an independent

set of reference standard infection etiologies and yielded comparable

diagnostic accuracy findings, as shown in Table S8. Third, the refer-

ence standard infection etiology was adjudicated without follow-up

data for 23.7% of patients. Fourth, the study population was made

up principally of patients with low and/or moderate severity illness,

and therefore, findings may not extend to patients with higher sever-

ity of illness. Fifth, we did not include immunosuppressed patients or

infants under the ageof 3months, forwhomanadjunctive test could be

helpful. Sufficiently powered studies dedicated to determining assay
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TABLE 3 Interval bacterial likelihood ratios perMeMed BV (MMBV) score bin, n=416.

No. of patients, n %of cohort % of bin

Score (s) bin All

Bacterial

reference

standard

infection

etiology

Viral

reference

standard

infection

etiology All

Bacterial

reference

standard

infection

etiology

Viral

reference

standard

infection

etiology

Bacterial

reference

standard

infection

etiology

Viral

reference

standard

infection

etiology

Bacterial likelihood

ratio (95%CI)

MMBV result

interpretation

90≤ s≤100 30 24 6 7.2 54.5 1.6 80.0 20.0 33.82 (14.62–78.20) High likelihood of

bacterial infection (or

co-infection)

65< s< 90 31 12 19 7.5 27.3 5.1 38.7 61.3 5.34 (2.78–10.25) Moderate likelihood of

bacterial infection (or

co-infection)

35≤ s≤ 65 30 4 26 7.2 9.1 7.0 13.3 86.7 1.30 (0.48–3.55) Equivocal

10< s< 35 66 1 65 15.9 2.3 17.5 1.5 98.5 0.13 (0.02–0.91) Moderate likelihood of

viral infection (or other

non-bacterial etiology)

0≤ s≤10 259 3 256 62.3 6.8 68.8 1.2 98.8 0.10 (0.03–0.30) High likelihood of

viral infection (or other

non-bacterial etiology)

Total 416 44 372 100 100 100

Abbreviation: CI, confidence interval.

performance in these populations are in planning. Finally, estimates for

improved antibiotic decision-making are based on a conjectured anal-

ysis that has intrinsic limitations, assuming idealized use of this test.

Since the test is intended as an adjunctive data point and not intended

to replace clinical judgement, future studies are needed to determine

how theMMBV result impacts clinicians’ real-world practice.

5 DISCUSSION

Bacterial and viral infection often present with similar symptoms

and cannot be distinguished in a timely manner using tests available

today.13 This critical diagnostic uncertainty contributes to challenges

in clinician decision-making, suboptimal patient care and outcomes, as

well as rising rates of antimicrobial resistance. The rapid diagnostic

test MMBV derives from integration of several biomarkers, including

not only bacterial (CRP) but also viral (TRAIL and IP-10) host response

proteins, which exhibit differential expression dynamics in response to

acute infection due to their distinct biological pathways.10,27–29 The

present study establishes that MMBV has high diagnostic accuracy

for differentiating between bacterial and viral infections in a broad

population of relatively low severity, febrile patients presenting to ED

and UCC settings (13.2% admitted to hospital). Strengths of the study

include a rigorous blinded design and collection of comprehensive

patient data to support reference standard infection etiology determi-

nation. Another strength is the breadth of the study population, which

included children and adults, a range of times from symptomonset, dif-

ferent comorbidities, multiple pathogens, as well as enrollment across

different acute care settings, which supports the generalizability of the

findings.

In this study population, MMBV attained sensitivity 90.0% (95%

CI: 76.4–96.6) and specificity 92.8% (95% CI: 89.5–95.1), compa-

rable to that reported in previous studies in children (sensitivity

93.7% [95%CI: 88.7–98.7], specificity 94.2 [95%CI: 92.2–96.1])11 and

adults (sensitivity 98.1 [95% CI: 95.4–100.0], specificity 88.4 [95%

CI: 83.7–93.1]),30 supporting its accuracy. There were only four false

negative and 25 false positive results, where 19 of 25 false posi-

tive results had scores in the moderate (rather than high) likelihood

of bacterial infection (65 < score < 90). Previous studies similarly

show that a small minority of false positives fall in the bin inter-

preted as high likelihood of bacterial infection (90 ≤ score ≤ 100).11,30

It is notable that MMBV provided a distinct bacterial (score > 65)

or viral (score < 35) result for over 90% of the patients in this

diverse study population with reference standard infection etiolo-

gies. The remaining ∼10% of cases yielded “equivocal” MMBV results

(35 ≤ score ≤ 65). An equivocal MMBV result represents a valid

test result (i.e., it is not a failed test) that does not provide added

diagnostic information to help determine etiology. In addition to the

reclassification analysis, area under the curve analyses indicate that

MMBV exhibits higher diagnostic accuracy than PCT in this popu-

lation. Of note, the latter analysis includes patients with equivocal

scores.

Regarding the adjudicated reference standard for determining

infection etiology, despite having results of routine tests as well as

study-specific respiratory panel data and (in most cases) follow-up

data, the expert panel adjudication left a small proportion of cases

(60/476, 13%) as indeterminant regarding bacterial versus viral infec-

tion etiology. This value aligns with findings from a study directly

assessing the impact of expert panel size on indeterminant rates.12

Of note, an MMBV score ≥ 90 (interpreted as high likelihood of
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F IGURE 3 MeMed BV (MMBV) distribution according to reference standard. Each dot represents a patient in the study population (n= 476).
Red line corresponds to groupmedian and red dot corresponds to group average.

F IGURE 4 Performance ofMeMed BV (MMBV) versus
procalcitonin (PCT) in differentiating between bacterial and viral
infection, n= 416.MMBV outperformed PCT (p< 0.0001). AUC, area
under the receiver operating characteristic curve; CI, confidence
interval.

bacterial infection) or ≤10 (interpreted as high likelihood of viral

infection) was attained for over 40% of these reference standard

indeterminate cases, underscoring the potential of MMBV to assist

clinicians even in difficult-to-diagnose cases.

Since MMBV results were not provided to the treating clinician,

the test’s impact on actual antibiotic prescription decisions cannot be

evaluated by the present study. However, we can estimate MMBV’s

potential to impact clinical practice by comparing the test result to

actual antibiotic use as documented in the medical record. We find

that MMBV could potentially have reduced antibiotic prescription in

patients with a viral reference standard infection etiology 2.2-fold.

Notably, this likely overestimates impact given that MMBV is not

intended for use as a standalone test.

To conclude, the present study offers an additional step toward a

new potential paradigm in which the evaluation of acute care patients

with suspected infections includes use of an additional diagnostic

adjunctive, which could help achieve the overarching goal of reduc-

ing diagnostic uncertainty, with improved antibiotic stewardship and

patient outcomes.
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