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Aim: In an Emergency Department (ED), the etiological identification of infected subjects is essential.
13 infection-related biomarkers were assessed using a new flow cytometry procedure. Materials & meth-
ods: If subjects presented with febrile symptoms at the ED, 13 biomarkers’ levels, including CD64 on neu-
trophils (nCD64) and CD169 on monocytes (MCD169), were tested and compared with clinical records.
Results: Among 50 subjects, 78% had bacterial infections and 8% had viral infections. nCD64 showed
82% sensitivity and 91% specificity for identifying subjects with bacterial infections. mCD169, HLA-ABC
ratio and HLA-DR on monocytes had high values in subjects with viral infections. Conclusion: Biomarkers
showed promising performances to improve the ED’s infectious stratification.
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An important medical issue encountered by practitioners in the Emergency Department (ED) is accurate identifi-
cation of the cause of infection in subjects presenting with fever or febrile symptoms [11. It is necessary to properly
and rapidly treat and manage subjects; indeed, in cases of bacterial infection, antibiotic therapy should be initiated
as soon as possible to prevent the infection from evolving to septic shock [2], whereas the use of such treatments in
cases of viral infection is ineffective and could even lead to the development of antibiotic resistance [3,4]. Clinical
signs are often similar among different pathogens and can even be caused by noninfectious agents. Thus, proper
diagnosis must be confirmed by commonly recommended assessments, such as CRP and PCT [s]. However, the
sensitivity and specificity of these biomarkers are unclear, particularly when evaluated in subjects with inflammatory
syndromes or local infections .

The results of a recent meta-analysis by the Kapasi ez a/. (6] and of a preliminary retrospective study by the
Bourgoin ez al. [7) showed the utility of different soluble and cell-based host biomarkers to determine infection
etiology. The expression of CD64 on neutrophils (nCD64) is significantly increased in subjects with bacterial
infections [8-10]. Conversely, the expression of CD169 on monocytes (mCD169) has not been frequently evaluated
in infections, but has recently been shown to be increased in subjects with viral infections [11-14].

Assessment of these markers traditionally uses flow cytometry. However, this technique is unsuitable for simple,
rapid analysis in the ED owing to the complexity of the procedure and the materials and labor requirements for
preparing samples and using the flow cytometer [15]. Therefore, improved and innovative flow cytometry methods
are required [16].

Accordingly, in this single-center, observational, prospective study, the aim was to confirm the relevance of
assessing the expressions of both biomarkers in subjects presenting with fever or febrile symptoms at the ED. The
hypothesis was that the measurement of these biomarkers, using a novel flow cytometry method, more fitted to
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ED settings, may be able to distinguish between bacterial or viral infection, showing better performance than other
cellular biomarkers (e.g., PCT and CRP).

In addition, other host cell surface biomarkers, including CD35 on monocytes (mCD35) and neutrophils
(nCD35), CD55 on monocytes (mCD55) and neutrophils (nCD55), CD46 on monocytes (mCD46), the ratio of
HLA-ABC on monocytes/neutrophils (fHLA-ABC), CD69 on lymphocytes (ICD69), monocytes (mCD69) and
neutrophils (nCD69), CD14 on monocytes (mCD14) and HLA-DR on monocytes (nHLA-DR), have also been
studied for their ability to distinguish among bacterial and viral infections [17-19].

For all these evaluations, despite a good recruitment of subjects with bacterial infections, very few subjects with
viral infections were included; therefore, the results described in this study regarding the viral group are presented
as preliminary data, neither statistically compared nor evaluated for stratification performance.

Materials & methods

Prospective inclusion of samples

The study population included subjects older than 18 years attending the adult ED of La Timone University Hospital
in Marseille, France, with infectious symptoms. Subjects were enrolled during 15 consecutive days. The inclusion
criteria were as follows: fever >38.0°C or hypothermia >36.5°C, with other potential respiratory (cough, sputum
and dyspnea), urinary (potential urinary infection), abdominal (pain syndrome, diarrhea), cutaneous (erysipelas)
or neurological (meningitis) clinical signs. The exclusion criteria were as follows: incomplete clinical files, trauma
or subjects presenting with a known inflammatory or autoimmune disease, neoplasia, chronic infectious disease
(viral, fungal or bacterial) or antibiotic, antiviral or immunosuppressive treatment prior to admission, and subjects
with extensive burns or recent surgery (less than 1 month).

The procedures were in accordance with the ethical standards of the Helsinki Declaration. The Hospital Ethical
Committee and the French Committee for Protection of Persons approved this observational and noninterventional
prospective study (CPP approval no. 181160; ID-RCB approval no. 2018 A02706-49). Confidentiality was
preserved at all levels. Subjects provided informed consent and their routine care was not modified. All data assessed
in this study were part of routine clinical practice and retrieved from subject records without any intervention.

Routine sample testing
Blood samples were sent to the Hematology Laboratory of La Timone Hospital, and processed within 24 h as part
of the standard, routine clinical tests universally performed at the hospital.

White blood cell (WBC) and polymorphonuclear neutrophil (PMN) counts were assessed using a Sysmex XN
system (Sysmex Inc., Kobe, Japan). PCT was measured using a Dosage ADVIA Centaur BRAHMS Procalcitonin
system (Siemens, Munich, Germany) and CRP was measured using the C-Reactive Protein Gen.3 system (COBAS,
Roche, Basel, Switzerland).

For the detection of viruses, blood or cerebrospinal fluid samples were examined with PCR, and serum samples
were tested for IgG and IgM using a LIAISON analyzer (DiaSorin, Saluggia, Italy). For the detection of bacteria,
blood cultures and bacterial identification were performed using a Bruker Mass Spectrometry system (Brucker Inc.,
MA, USA), urinary antigen tests (for Pneumococcus and Legionella), PCR (for Chlamydia and Mycoplasma) and/or
cultures of respiratory tract secretions (nasopharyngeal swabs, tracheobronchial aspirate or bronchoalveolar lavage).

Clinical data collection

A team of three ED specialist practitioners, blinded to the study test results, recorded for each subject their
epidemiological data (sex, age, clinical history, medical institutionalization, altered mental status), physiological
data (cardiac constants, body temperature, vital signs and symptoms, prior administration of antibiotics), biological
data (WBC and PMN counts, CRP and PCT levels, biochemical measurements, name of the identified pathogens
if isolated) and clinical data (time from onset, symptoms, final diagnosis), and then classify them into three groups.
The classification of patients was made by taking into account only the patient’s symptoms, the final diagnosis
established by the practitioner during the consultation, and possibly the microbiological results of isolations if
confirmation was required.

If clinical symptoms and microbiological test results, in addition to final diagnosis, proved no evidence of
infection, then subjects were classified as noninfected subjects. If clinical and microbiological findings strongly
confirmed the presence of a bacterial infection established by the final diagnosis (positive bacterial culture result
and/or negative viral test result), subjects were categorized as having a bacterial infection. Finally, if typical clinical
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symptoms of infection and viral agents were detected, with potential negative bacteriological results and viral final
diagnosis, subjects were confirmed as having viral infections. No subjects were co-infected. In cases in which the
diagnosis was questionable, a second group of two ED practitioners was consulted and consensus was reached.

Flow cytometry assessment

Leftover EDTA-treated blood samples were pseudonymized and treated by flow cytometry. Briefly, careful titra-
tions of the following antibodies were performed in accordance with a newly described one-step staining pro-
cedure [16]: anti-CD169-phycoerythrin (clone 7-239), anti-CD64-PacificBlue (clone 22), anti-CD35-fluorescein
isothyocyanate (clone J3D3), anti-CD55-phycoerythrin (clone JS11KSC2.3), anti-HLA-ABC-Alexa Fluor 700
(clone B9.12.1), recognizing all 3 MHC class-I antigens HLA A, B, and C; anti-CD69-allophycocyanin (clone
TP1.55.3), anti-CD14-Krome Orange (clone RMO52) and anti-HLA-DR-PacificBlue (clone Immu357), recog-
nizing the MHC class-II antigen DR, all custom products from Beckman Coulter Inc. (CA, USA), as well as
anti-CD46-allophycocyanin (clone TRA-2-10) from Biolegend Inc. (CA, USA). Antibodies were separated in two
antibody cocktails and dried at their optimized amounts in two different 5-ml testing tubes, using the DURA
Innovations drying process (Beckman Coulter Inc.) [20-25].

For each sample, 500 pl Versalyse lysing solution (Beckman Coulter Inc.) and 5 pl blood were transferred to
both tubes. After incubation for 15 min, samples were analyzed on a three-laser, 10-color Navios flow cytometer
(Beckman Coulter Inc.). Flow-Set beads (Beckman Coulter) were used before each analytical run in order to
control the variability in device performance; however, no harmonization between the measured values over the
study period was necessary. Analysis was performed using Kaluza Analysis Software (version 2.1; Beckman Coulter
Inc.). Neutrophils, monocytes and lymphocytes were gated on the basis of their typical forward and side-scatter
characteristics. The expression levels of each biomarker were determined as mean fluorescence intensities (MFIs).

The influence of medical procedures and diagnosis was prevented by blinding the medical practitioners to the
results of flow cytometry analysis.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics version 20 (IBM SPSS Inc., NY, USA). Quantitative
data were expressed as means & standard deviations and compared using Student’s t-tests or Mann—Whitney U tests,
or for more than two groups by analysis of variance or Kruskal-Wallis tests. Qualitative variables were expressed as
frequencies with percentages and compared using 2 or Fisher’s exact tests if conditions were missing, or for more
than two groups by Freeman—Halton extension of Fisher’s exact test.

Receiver operating characteristic (ROC) analyses were based on area under the curve (AUC), sensitiv-
ity (true positives/positives [TP/P]), specificity (true negatives/negatives [TN/N]), positive likelihood ratio
(sensitivity/[100 — specificity]) and negative likelihood ratio ([1 — sensitivity] /specificity]).

All values were expressed as ranges (between 0 and 100), with 95% CI. For all tests, two-sided p-values less than
0.05 were considered statistically significant.

Results

Clinical features of the subjects

During the 15-day study period, 60 subjects were admitted to the ED of La Timone Hospital with febrile symptoms.
Their biological samples were all processed, but ten subjects had incomplete clinical files and did not satisfy the
study criteria. Of the remaining 50 subjects definitively included in the study, 39 (78%) were classified as having
bacterial infections, whereas 4 (8%) were classified as having viral infections. The seven (14%) remaining subjects
were classified as having no infection, although they were initially included in the study for febrile symptoms. The
reason is that these subjects had more inflammatory than infectious pathologies. No subjects had bacterial and viral
co-infections. An overview of the study workflow and pathologies’ details in each group are shown in Figure 1.

Epidemiology of infected subjects
The 50 subjects in the final cohort included 25 (50%) women and 25 (50%) men, with a mean age of 57
(£24) years. All epidemiological data are presented in Table 1.

No significant differences were observed either for the sex balance, or for the mean age or for clinical histories of
the subjects between bacterial and control (no infection) groups. However, subjects included in the viral infection
group seemed having a mean age decreased from 56 (£21) to 28 (=14) years. Subject clinical features were similar
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Recruitment
60 blood tubes from emergency
department

Flow cytometry

60 blood tubes tested within
hematology laboratory

Clinical data record 10 patients excluded as loss of
50 patients with full clinical file clinical records

Study cohorts determination
Review of the clinical datas and
classification into groups by

expert panel
No infection group Bacterial group Viral group
7 patients (14%) 39 patients (78%) 4 patients (8%)

Pneumonia: 16
Articular pain: 2 Urinary infections (pyelonephritis,
urinary sepsis, cystitis): 12

ENT infection (angina, bronchitis): 4

Cutaneous infection (cellulitis,
erysipelas): 3

Pancreatitis: 1 Post-operative infections: 2

Urinary discomfort: 1 Cervical abcess: 1

Febrile neutropenia: 1

Neuropathies: 1
Stroke: 1
Abdominal pain: 1

ENT infection (angina, sinusitis): 3
Gastroenteritis: 1

Figure 1. Overview of the study workflow. Construction tree of the prospective study conducted in the ED of La Timone Hospital, with
final numbers and diagnoses for subjects who were admitted with febrile or acute symptoms.
ED: Emergency department; ENT: Ear, nose and throat.
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Table 1. Cohort st

Characteristic

racteristics.

No Infection group (n = 7)

Bacterial group (n = 39)

Biomarkers in febrile subjects

Viral group (n = 4)

p-value (Bacterial vs no infection

group)
Patient sex:
- Men 3 (43%) 19 (49%) 3 (75%) 1.00
- Women 4 (57%) 20 (51%) 1(25%)
Patient age (years) 56 + 21 61+24 28+ 14 0.62
Clinical history:
- Medical institutionalization 0(0%) 7 (18%) 0(0%) 0.61
- Altered mental status 2 (29%) 7 (18%) 0(0%) 0.61
- Evolutive cancer 0(0%) 2 (5%) 0(0%) 1.00
— Liver disease 0(0%) 4 (10%) 0(0%) 1.00
- Congestive heart failure 1(14%) 3 (8%) 0 (0%) 0.50
- Cerebrovascular disease 0 (0%) 4 (10%) 0 (0%) 1.00
- Kidney disease 0(0%) 2 (5%) 0 (0%) 1.00
Constants:
- Systolic blood pressure (mm 123+ 14 128 £ 25 127 £ 15 0.90
Ha)
- Diastolic blood pressure (mm 68 + 10 73+ 16 73+ 1 0.45
Hg)
— Pulse rate (bpm) 79+ 16 104 + 21 90+ 7 <0.01*
- Body temperature (°C) 37.1+£0.9 38.1+£ 1.1 384 +22 0.07
Clinical symptoms:
— Duration (days) 445 5410 242 0.59
- Respiratory 0 (0%) 21 (54%) 1(25%) 0.03*
- Gastrointestinal 2 (29%) 2 (5%) 1(25%)
- Urological/gynecological 0 (0%) 2 (5%) 0 (0%)
- Neurological 1(14%) 0 (0%) 1(25%)
- Urinary 1(14%) 6 (15%) 0 (0%)
- Ear, nose and throat 0(0%) 3 (8%) 1(25%)
— Cutaneous 1(14%) 2 (5%) 0 (0%)
- Postoperative 1(14%) 2 (5%) 0 (0%)
- No infectious symptoms 1(14%) 1(3%) 0 (0%)
Antibiotherapy initiated 0 (0%) 27 (69%) 2 (50%) <0.01*
Hospitalization duration (days) 345 6+8 1+1 0.20

Research Article

Values are presented as either total numbers, followed by the corresponding percentages in brackets, or mean = standard deviation.
*p-values <5% statistically significant differences between groups.

between bacterial and control groups, except that pulse rate was significantly increased from 79 (£16) to 104 (£21)
bpm in the bacterial infection group (p < 0.01).

A wide range of infectious symptoms was observed (respiratory, gastrointestinal, urological/gynecological, neu-
rological, ear, nose and throat, cutaneous and postoperative), but significantly more frequently in subjects in the
bacterial infection group (p = 0.03). However, their time from onset was equivalent between the groups. The most
common clinical presentation associated with bacterial infections was respiratory symptoms (n = 215 54%), whereas
respiratory, gastrointestinal, neurological and ear, nose and throat symptoms were equivalently representative of
viral conditions. As expected, subjects diagnosed as having bacterial infections were treated significantly more
frequently with antibiotics (n = 27; 69%; p < 0.01) than subjects with no infection. No differences were observed
in hospitalization duration.

Finally, comparison of biochemical and biological measurements are presented in Table 2. Only hematocrit level
showed statistically significant differences between bacterial and control groups (p = 0.03).

Overall, 11 common pathogen species were detected (Table 3). The most common pathogens were Escherichia
coli (28%) and Klebsiella pneumonia (18%).
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Table 2. Biological and biochemical data.

Characteristic No infection group (n = 7) Bacterial group (n = 39) Viral group (n = 4) p-value (Bacterial vs no infection
group)

Biological measurements

White blood cells (g/1) 1M+3 1M+5 7+2 0.98

Polymorphonuclear cells (g/1) 5.9+ 0.1 7.4+54 5.5+ 0.1 0.76

Biochemical constants

Urea (mmol/I) 5+1 11+£19 5+2 0.52
Natremia (mmol/I) 141+ 3 140 + 6 140 + 2 0.07
Glucose (mmol/I) 6+1 8+5 5+1 0.30
Hematocrit (%) 4143 37+5 42 +3 0.03*

Values are presented as either total numbers, followed by the corresponding percentages in brackets, or mean =+ standard deviation.
*p-values <5% statistically significant differences between groups.

Table 3. Identification of pathogens in the cohort study.

Pathogen identified Number isolated (n = 11)
Escherichia coli 3(28%)

Klebsiella pneumoniae 2 (18%)

Staphylococcus aureus 1(9%)

Staphylococcus hominis 1(9%)

Staphylococcus epidermidis 1(9%)

Streptococcus pyogenes 1(9%)

Enterobacter clocacae 1(9%)

Haemophilus influenzae 1(9%)

Numbers of bacteria and viruses isolated and/or detected in blood culture, urinary culture or serological measurements.

Table 4. Flow cytometry assessments.

Biomarkers’ MFI No infection group (n = 7) Bacterial group (n = 39) Viral group (n = 4) p-value (Bacterial vs no infection
group)
nCD64 1+£0 2+1 1+0 <0.01*
mCD169 1+£0 1+£3 7+5 0.19
mCD35 21+5 31+ 11 14 +£1 0.02*
nCD35 19+4 26 +9 12+3 0.02*
mCD55 29+6 45 + 14 31+10 <0.01*
nCD55 18+3 26 +8 203 <0.01*
rHLA-ABC 4+£1 441 6+1 0.27
mCD46 41+8 47 £ 15 56 + 19 0.47
mCD14 33+9 39+9 40+ 6 0.06
mHLA-DR 5+3 6+5 12+£1 0.96
ICD69 1M+2 15+7 1M+2 0.03*
mCD69 10+2 12+3 1M1£1 0.16
nCD69 942 10+2 941 0.04*

Mean offluorescence intensities are presented as mean + standard deviation for each biomarker.
*p-values <5% statistically significant differences between groups.
mCD46: CD46 on monocyte; mCD55: CD55 on monocyte; mCD169: CD169 on monocyte; nCD55: CD55 on neutrophil; nCD64: CD64 on neutrophil; MFI: Mean fluorescence intensity.

Biomarker levels & ROC analysis
In total, nine biomarkers were assessed using flow cytometry on 1-3 leukocyte subsets, resulting in monitoring of 13
parameters (Table 4). Example of flow cytometry expressions of nCD64 and mCD169 is given in Supplementary
Figure 1.

Biomarkers known to be altered in the presence of bacterial infection include nCD64, mCD35, nCD35,
mCD55 and nCD55; ICD69, mCD69, nCD69, mCD14 and mHLA-DR may also be altered. Subjects with
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Table 5. PCT and C-reactive protein levels.

Variable No infection group (n = 7) Bacterial group (n = 39) Viral group (n = 4) p-value (Bacterial vs no infection
group)

CRP (mg/I) 20 + 23 86 + 74 7+8 <0.01*

PCT (ng/I) 0.07 + 0.08 0.76 + 1.80 0.04 +£0.03 0.24

Values are presented as mean =+ standard deviation.
*p-values <5% statistically significant differences between groups.

bacterial infections had a significantly higher level of nCD64 (MFI of 2 + 15 p < 0.01), mCD35 (MFI of 31 £ 11;
p = 0.02), nCD35 (MFI of 26 & 9; p = 0.02), mCD55 (MFI of 45 £ 14; p < 0.01), nCD55 (MFI of 26 % 8;
p < 0.01), ICD69 (MFI of 15 £ 7; p = 0.03) and nCD69 (MFI of 10 & 2; p = 0.04). Figure 2 shows their
results of ROC analysis. Using a cut-off point of >0.96, nCD64 MFI showed the best bacterial discriminative
performance, with a sensitivity of 82% (66.5-92.5%), specificity of 91% (58.7-99.8%), positive likelihood ratio
0f 9.03 (1.4-58.8) and negative likelihood ratio of 0.20 (0.10-0.4). The AUC was 0.92 (0.80-0.98). Numbers of
true positive, false positive, false negative and true negative cases are detailed in Supplementary Table 1.

Conversely, biomarkers known to be altered in the presence of viral infection include mCD169, rHLA-ABC and
mCD46; ICD69, mCD69, nCD69, mCD14 and mHLA-DR may also be altered. Neither statistical comparison
nor ROC analysis could have been performed due to the low number of viral infections, but subjects with viral
infections seemed to have higher levels of mCD169 (MFI of 7 & 5), tHLA-ABC (MFI of 6 & 1) and mHLA-DR
(MFI of 12 £ 1).

Comparison with CRP & PCT
For a comparison with previous cellular biomarkers, levels and ROC curves of CRP and PCT are presented in
Table 5 & Figure 3, respectively.

CRP level (p < 0.01) was significantly higher in the bacterial infection group than in control group (20 & 23
to 86 £ 74 mg/l, respectively), whereas PCT level (p = 0.24) was not significantly different between both groups
(0.07 £ 0.08 to 0.76 £ 1.80 ng/1).

For subjects with bacterial infections, the optimal cutoff for CRP was >33.1 mg/l, with a sensitivity of 69%
(52.4-83%), specificity of 91% (58.7-99.8%) and AUC of 0.86 (0.73-0.94). The optimal cutoff for PCT was
>0.02 ng/l, with a sensitivity of 93% (76.5-99.1%), specificity of 60% (14.7-94.7%) and AUC of 0.81 (0.64—
0.93).

Discussion

In this observational, prospective, single-center study, 13 leukocytes parameters, in other words, nCD64, mCD169,
mCD14, mCD35, nCD35, mCD46, mCD55, nCD55, ICD69, mCDG69, nCDG69, rHLA-ABC and mHLA-DR,
were evaluated in subjects in the ED. The aim was to assess their expression levels using an innovative, 15-min,
one-step method and evaluate correlations among expression levels with clinical parameters in subjects with or
without bacterial or viral infections. CRP and PCT were also evaluated.

For many years, intense research of new biomarkers for stratification of infectious disease has been used for
appropriate triage, management and treatment of subjects with systemic infections [6,17,26]. Biomarkers, CRP
and PCT levels in each group were consistent with previous reports [17,18,27-29]. Notably, however, there were no
significant differences in WBC or PMN counts, confirming the very poor performances of these markers. When
analyzed with ROC models, only nCD64 showed effective discrimination between bacterial and nonbacterial
infections. Conversely, mCD169, mHLA-DR and rHLA-ABC biomarkers seemed having higher values in viral
than in nonviral infections. Nevertheless, this result needs to be confirmed in more cases because the number of
subjects with viral infections was very low. Other tested leukocyte markers did not show satisfactory performance
because none showed high sensitivity to ensure that the most subjects are identified and that cases of infection are
not missed, and they did not have sufficiently high specificity either to ensure the infection etiology.

For nCD64, the discriminative power was higher than those found for reference assays. These results were not
surprising because CRP level has been shown to be a sensitive, albeit nonspecific marker of inflammation with
limited utility in the ED for identifying infection etiology in subjects with fever [30]. In contrast, PCT level shows
strong sensitivity and specificity in subjects with systemic infections, such as severe sepsis, but are limited for
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Figure 2. Receiver operating characteristic analysis for bacterial diagnosis. ROC curves for the discrimination of bacterial infections with
(A) nCD64, (B) mCD35, (C) nCD35, (D) mCD55, (E) nCD55, (F) ICD69, (G) mCD69, (H) nCD69, (1) mCD14 and (J) mHLA-DR. Optimal thresholds
for each biomarker are indicated with calculated values of Sp and Se. AUCs and 95% Cl are also given for each receiver operating

characteristic analysis.
AUC: Area under curve; mCD55: CD55 on monocyte; mCD169: CD169 on monocyte; nCD55: CD55 on neutrophil; nCD64: CD64 on

neutrophil; Se: Sensitivity; Sp: Specificity.



Biomarkers in febrile subjects Research Article

1 100
80— 80—
2 60 =
£ 60 2 60
& 404 " CRP >33.1 mg/l 8 40 PCT > 0.02 ng/|
Se:69.2 Se:92.9
P Sp: 90.9 Sp: 60.0
20 20
0 ] i O _ 2
T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
100-specificity 100-specificity

Figure 3. Receiver operating characteristic analysis for C-reactive protein and procalcitonin. (A) CRP and (B) PCT ROC
curves for diagnosis of bacterial infections. Optimal thresholds are indicated with calculated values of Sp and Se.
Se: Sensitivity; Sp: Specificity.

identifying local infections [31]. Overall, neither CRP nor PCT can be used to identify viral infections, because
negative results for CRP or PCT are only suggestive of a nonbacterial etiology.

This study had some limitations. First, subjects were only enrolled from the ED, which may have resulted in
selection bias. Additionally, groups were made up of individuals with various infectious diseases and degrees of
severity, instead of being focused on only one type of pathology, as seen in other studies of infections [32-34].
Moreover, because this was an observational study, the ED team of experts was blinded to the flow cytometry
results when establishing the diagnosis, but not to microbiological measurements of subject clinical data, which
could have biased the classification of the subjects into groups (35-38] and no interventions were performed with
regard to additional diagnostic assays for each subject. Because of this, very few subjects with confirmed bacterial or
viral infections were included, and the proportion of subjects with viral infection was too low (8% of total cohort).
The absence of microbiological confirmation may lead to higher rates of mislabeling [39]. Thus, the biomarkers
relevance will have to be precisely assessed in future studies of more subjects with viral infection.

A single perfect reference standard is not easy to establish. Several strategies have to be considered, each with
strengths and limitations [40]. Indeed, the study biomarkers may be useful for subjects with systemic infections,
but could have limitations owing to their unknown kinetics in infected subjects. However, biomarkers such as
nCD64 and mCD169 remain very promising as depending on early interferons production after bacteria or
viruses infection [13,28], and therefore having levels following disease progression. Moreover, it could be challenging
for practitioners to reach a diagnosis on the basis of a single blood sample rather than sequential samples [26].
Additionally, MFI measurements by flow cytometry are strongly dependent on instrument setup, which will
necessitate standardization efforts, in terms of calibration strategy and automation. Future research should focus
on confirming these biomarkers on a larger scale and incorporating them as part of the overall clinical management
of subjects with fever [41].

Finally, nCD64, mCD169, mHLA-DR and rHLA-ABC are not used in clinical practice yet. However, the ED
environment is complex and dynamic and thus requires technologies tailored specifically for prevention of infection
and enhancement of subject safety in emergency care. There is a lack of appropriate assays for improving infectious
diagnostic capabilities and outcomes and for reducing the empirical use of antimicrobial drugs [1]. A solution
to this may be the development of point-of-care diagnostic assays. The Dittrich ez al. (42) highlighted the main
requirements in a target product profile. One of the main achievements of this study was the use of the innovative
flow cytometry protocol for assessing the levels of biomarkers [16]. This procedure, already demonstrated to give
performances equivalent to standard flow cytometry procedure, may meet the minimum characteristics required
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for a bacterial versus viral test. Additionally, this assay yielded results in less than 15 min from whole blood samples.
Although the study was conducted with EDTA-containing blood collection tubes containing several milliliters of
material, only 5 pl of the sample was required, potentially permitting the use of capillary blood from subjects.
Reagent storage and laboratory procedures were carried out at room temperature. All steps for testing the samples
were combined into one step, making this method technically easier than other approaches and allowing staff at
health centers to be quickly trained. This simplified procedure combined with the biomarkers, should facilitate the
discrimination between bacterial and viral infections.

Conclusion

In this study, we demonstrated the potential value of assessing levels of nCD64, and more preliminarily of mCD169,
mHLA-DR and rHLA-ABC in subjects presenting at the ED, to predict bacterial versus viral causes of fever. As
part of a global effort to improve subject care, biomarker levels were measured using an innovative, easy, rapid
one-step flow cytometry procedure, that, in the ED setting, may represent a rapid, robust method to potentially
inform triage and treatment decisions for a wide range of infections.

Summary points

e The identification of infectious etiology is a major challenge for emergency medicine.

e Assessment of infection-related biomarkers by a new rapid method could attribute a bacterial or viral or
noninfectious origin to a febrile symptom.

e Expressions of CD64, CD169, CD35, CD55, CD46, HLA-ABC, CD14, HLA-DR and CD69 are measured by a
point-of-care and rapid procedure of flow cytometry.

e Biomarker levels are measured within a prospective cohort of 50 subjects in the Emergency Department of La
Timone Hospital, including 78% bacterial infections and 8% viral infections.

e CD64 on neutrophils shows 82% sensitivity and 91% specificity for identifying subjects in bacterial conditions, but
other biomarkers had lower discriminative performances.

e CD64 on neutrophils (nCD64) performances are equivalent or even better than CRP and PCT assays, for which
sensitivity of 69 and 93%, and specificity of 91 and 60 %, respectively, were obtained.

e Levels of CD169 on monocytes (MCD169), HLA-ABC ratio and HLA-DR on monocytes appear to be higher in cases
of viral infections.

e These encouraging preliminary results should be confirmed and extended through larger studies, encompassing
as many infectious diseases as possible.
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