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Pneumonia

Infection that inflames the air
sacs in one or both lungs

Pneumonia

Microbiologic

N

Radiologic

results Results
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Timing of Antibiotics
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Common Pathogen of Etiology and Risk Factors in CAP
=8 222

AT == Streplococcus pneumoniae, oral anaerobes, Klebsiella pneumoniae,
Acinelobacter species, Mycobacierium tuberculosis

ORMEH MM I ES S Haemophilus influenzae, Pseudomonas aeruginosa, [Legionelia
species, Streplococcus preumonia Moraxella catarmhals, Chiamyaoohila
oneumoniae

=9I Gram—negative enteric pathogens, oral anaerobes

H=Y Oral anaerobes, Mycobacterium tuberculosis. atypical mycobacteria

250 == Chiamyaophila psittaci (it poultry: avian influenza)

s =20 == Coxiella burneti (Q fever)

o1z 20z} 9 Influenza, ‘S!re,oromccus pneumonia,  Staphylococcus  aureus,

=T Haemophilus influenzae

71219 7|18 £ 7|1 = 2E Boraetela perfussis

axEol H OlA0] 7|BKIEES) Pseudomonas aeruginosa, Burkholderia cepacia, Staphylococcus

aureus

Staphylococcus aureus, anaerobes, Mycobacterium tuberculosis,
Streplococcus pneumonia

Anaerobes, Streplococcus pneumonia, Haemophilus infuluenzae,
Staphylococcus aureus
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Conventional Pneumonia strategy

Empirical
Antibiotics
Treatment

In managing health conditions,
it’s not a one-size fits all.
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Surviving Sepsis Campaignh 2026

26. For adults with sepsis or septic shock at low risk of infection with a specific MDR pathogen, we

“suggest against” using empirical antimicrobial therapy with coverage for this MDR pathogen
(conditional recommendation, very low certainty evidence)

27. For adults with sepsis or septic shock, we “suggest against" using em pirica| antifungal therapy
(conditional recommendation, low certainty evidence)

28. For adults with sepsis or septic shock without risk factors for anaerobic infection, we “suggest” using an

empiric antibiotic regimen Without anaerobic coverage (conditional recommendation, very low ce
rtainty of evidence)

32. For adults with sepsis or septic shock, we “suggest against” using Candida fungal biomarkers to guide
initiation of empiric antifungal therapy

Crit Care Med. 2026;54(4):725-812
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Prognostic Factors of Pneumonia

Age Advanced age Pathogen Atypical/Fatal pathogen
Frailty Clinical Severity e e
Comorbidity ooy Inflammation response €/ Procaitonin Lactate
Immune status Chematherapy Treatment response Viral/bacterial pathogen

Long term Steroid use
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Define Uniformly, Diverse course and outcome

A Pneumonia as a disease (ideal)
Clear Perfect tests Diagnostic Treatment
presentation certainty precision

Patient

presentation

Diagnosis

Abnormal WBC, other

inflammatory markers Sepsis due to
Fever, cough Infiltrate on CXR/CT Pneumococcal Pathogen-targeted
Hypoxemia Positive pathogen Pneumonia antimicrobials
Pneumonia as a syndrome (reality)
Unclear Imperfect Diagnostic Dynamic, Final diagnosis
presentation tests uncertainty imprecise after course

Patient

presentation

Nonspecific
signs/symptoms
(malaise, dyspnea)

Nonspecific

Nonspecific

inflammatory markers

Infiltrate on CXR/CT
Cultures pending

treatment

Pneumonia versus
Heart failure versus
COPD

Stabilize/support organs
Treat for most likely
etiologies (antibiotics,
steroids, diuretics)

Diagnosis

Uncenrtainty can
remain even after

episode of care

Heterogenous Causes and Phenotypes

Need to differentiate viral vs bacteria
Optimizing antimicrobial therapy

Targeting adjunctive and
immunomodulatory therapy

Chest. 2025;167(1):27-31
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Reason for phenotype classification

Limitations of Pathogen-Based Approaches

Host response heterogeneity

Needs for Precision medicine
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Limitations of Pathogen-Based Approaches
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Limitations of Pathogen-Based Approaches
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= HEKX CHE bacteria, virus, fungus etc
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ol
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4 706(59.0)
H7 | HEY M Transtracheal aspirates, TTA) 371(31.0)
7 A& Bronchial washing fluid) 64( 5.4)
7 | 2R H M Bronchoalveolar lavage, BAL) 190 1.6)
965(80.7)

78( 6.5)

Tuberc Respir Dis (2021)
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Host response heterogeneity

Abscess 03
Arterial thrombi 013 017
Necrosis 012 0.18 033
PMN .o,n 0.14 0.35
Edema 053 052 013 0 019
Alveolar Hemorrhage 047 048 053 ©0 014 019
Alveolar fibrin 044 045 053 054 0 021 018
Mvessel fibrin 02 026 028 028 012 0 012
§o
Desquamated epithelial 013 026 019 023 032 027 0 0 O 33
05
Hyaline membranes 0 01902 0 0 0 0 0 0 O u
Hemosiderosis © 0 ©0 015 0 0 0 0 0 0 O
Granuloma o © o0 /06 o 0 & 0 @0 O 0 O
Multinucleated. 042 0o 0 013 0 0 0 0 O 0 O O O
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Visible bacteria in the lung

= Hyper-inflammatory phenotype

— cytokine storm, ARDS, shock

= Hypo-inflammatory / immuno-paralysis phenotype

— 2ndary infection, Decreased treatment response

bioRxiv. 2025;2025.05.18.654716.
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Host response heterogeneity

ARDS Patients

i

Low IL-6, IL-8, TNFr1.....cocevvv. High bicarb,  High IL-6, IL-8, TNFr1............... Low bicarb,
protein C protein C
l Mortality IVentIlator-free days I Mortality lVentllator—tree days

L type - Low distress

Recovery

.
9, = 11amH,0

Crit Care 24, 102 (2020)
J. Clin. Med. 2021, 10, 975.
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Needs for Precision medicine

 Discrepancy between major HAP/VAP pathogens and empirical antibiotics

Ratio of multidrug-resistant bacteria
in each major group of bacterial pathogens

100
0 o
A S. aureus P S.

baamannii aerusinosa maltophilia

#Non-MDR = MDR

etc

Tigecycline-
10%

based

4%

Cefepime-
based
4%

Carbapenem-
based
38%

Extended-spectrum
penicillin/B-lactamase
inhibitor
34%

Empirical antibiotics during the first 48 hours

J Korean Med Sci. Oct 25;36(41):€251(2021)
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Needs for Precision medicine

2008
—_—

2012 2013 2015
W Alibertietal (W Shindoetal "W Prinaetal

Recent hospitalization: 4p Recent hospitalization: 4p Recent hospitalization Age 40-65 yo:

Nursing home: 3p Nursing home: 3p | | Age >65 years: 2p
Long term hemodialysis : 2p Chronic renal failure: Sp Home infusion therapy Male sex: 1p
ICU admission: 1p > 1 of the following: 0.5p Previous antibiotics: 2p

Home infusion therapy, home e Chronic respiratory disease:  2p
wound care, immunosuppression, Tube feeding Chronic renal disease: 3p
antimicrobial therapy <90 days, " flzs:

: . Consciousness impairment or
chronic obstructive pulmonary

disease, diabetes. aspiration evidence: 2p
cerebrovascular disease Fever: -1p
<3 points, low risk . . . . <1 points, low risk
) ) . <0.5 points, low risk Each risk was associated 2 ; :
3-5 points, intermediate . R : z 2-4 points, medium risk
, L =3points, high risk with an odds ratio of 2.0-2.5 ) o
26 points, high risk 25 points, high risk

BMJ. 2021;375:e065871
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Needs for Precision medicine

CHEST INFECTIONS m 5
In Patients Admitted for Community-Acquired Aspiration Pneumonia, Is There a Difference 51
| Between Antibiotic Therapy With Limited Anaerobic Coverage vs Extended Anaerobic Coverage?  CHEST

STUDY DESIGN RESULTS

+ Multicenter, retrospective cohort study \V Treatm ent

I ¥ ' . . '
; 1 of p.atle'nts with comlpumty acqulred. Group
aspiration pneumonia across 18 hospitals Limited bi ded bi
in Ontario, Canada imited Anaerobic Extended Anaerobic
Coverage 0 Coverage
+ Limited anaerobic coverage (LAC) group: :.“
1 ceftriaxone, cefotaxime, levofloxacin 2683 Total Patients 1316
Hydrocortisone 200
mg/day “é‘;‘:m* ; + Extended anaerobic coverage (EAC)
i group: amoxicillin-clavulanate, 814 (30.3%) All-cause in- 422 (32.1%)
7 1 moxifloxacin, or LAC + clindamycin or hospital mortality e
metronidazole
CRP < 150 mg/L CRP > 200 mg/L Clostridioides SR T
0 o b Yo '):w
$3(<0.2%) difficile colitis after RN
admission

Methylprednisolone 0,5
mg/Kg/12h x 5 days
(monitoring glucose &
complications)

In this study, extended anaerobic coverage used for aspiration pneumonia was assoclated with no mortality benefit and an Increased risk of harm.

Pneumonia (Nathan). 2026 Feb 25;18(1):4
Chest. 2024;166(1):39-48
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Various tip of precise medicine in Pneumonia

Sx and Sign, Past History, Comorbidity, Prior colonization

Data

Community-acquired
Pneumonia(CAP)
Patient Records

+ ~] million adults
+ 749 hospitals

v 2009-2018

+ United Sates

Feature

Preprocessing

34,720 patients with all
PSI required parameters

Severity Prediction

01234567890IRBUISKIIEY
K
Performance vs. top-k features

~

Initial empiric antimicrobial treat_
"

Parameter Selection Classifier L
Arterial pH
urea nit jen 1 r ’ TPy
m,fe":mm dfzgm__ . P 5 S ’ l d ( sCAP wit.hout risk factors for RY o D o &) sCAP \n.nth cllmcaIA e confrmeiniNEn T
== neumonia eVCl'lt)’ naex P. aeruginosa or MRSA or S. sCAP with risk factors for sCAP with risk factors for presentation suggesting :
Nursing home resident Jmmmmm ; : (or influenza season and PCR
Resphotney o +  Random Forest aureus producing PVL P. aeruginosa infection* MRSA** S. aureus producing PVL ilabl
s . H 1 CE L
Lo g _> dNGOITECHS | infection )@ VAR JAS infection § unavailatile}
Systolic biood pressure = .
e s * Multi-Layer Perceptron
Temperature « e . i
Cangeslw: et Y LOngth RCgl’CSSlOﬂ (36(2 (ceftriaxone 2g/d or\ f Anti-Pseudomonas \ f 3GC + macrolide \ ( 3GC + macrolide \ Ae(i;i;:el:;;:n)wr
Puise . L D o A l . cefotaxime 2g x3/d) B-lactam with anti- +linezolid (600 mg x2/d) + linezolid (600 mg x2/d) 8 ¢
OW"H"::“ZT;* r inar Discriminant Analysis +macrolide pneumococcal activity
Sex +  (aussian Naive Baves (e.g. azythromycin 500 mg (piperacillin-tazobactam Alternative: Alternative:
ST e . . Y on D1, then 250mg/d or 4,5g x4/d or ceftazidime 2g 3GC + macrolide 3GC + vancomycin
sodum ] +  Stochastic Gradient Descent clarithromycin 500mg x3/d or cefepime 2g }(3/d (Is\lal;;:mvzc/l:) zsggndan:‘y/ﬁ;\
0 200 400 60 80 1000 5 x2/d), or imipenem 0.5g x4/d or mg/kg x mg X
Ranked by feature importance * Support Vector Machine meropenem 1g x3/,d \_ y & P
: If allergy to B-lactam: according to local ecology)
* K-Nearest Neighbors e
o Decision Tree 500mg x1 or 2/d + macrolide
\ (monotherapy). / K /

Performance Measure l

De-escalation as soon as possible, based on pathogen identification ar

ROC AUC

PRAUC Predicted  +

Class

True Class
+ =
TP (True Positive) | FP (False Positive)
FN (False Negative) | TN (True Negative)

\.

S. pneumoniae:
Amoxicillin 2g x3/d

I

P. aeruginosa: MSSA without PVL: MSSA with PVL: Discontinue or
adapt according to the Oxacillin, flucloxacillin (Oxacillin, flucloxacillin or cefazolin) adjust
antibiogram or cefazolin + (clindamycin or rifampicin) antibiotics in a

L. pneumophila:
Levofloxacin
500 mg x1 or 2/d

second stage,

Linezolid or vancomycin or

Linezolid or (vancomycin
samples.
ceftaroline or ceftobiprole )

MRSA without PVL:
+ clindamycin or rifampicin)

: upon receipt of
MRSA with PVL: microbiological

Int J Med Inform. 2022;163:104778
Intensive Care Med 52, 118-130 (2026)
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Progression of pneumonia diagnostics efficacy framework

2016

ESCMID adopts
C. difficile multistep

*’T testing
2 Efficacy Diagnostic Patient 2018

Technical Efficacy - Therapeutic Societal
Decision Qutcome — IDSA adopts
Assessment C. dlfflClle 2009 C. difficile

Qija ‘% @ﬁ multistep testing
S—— 1977 1999
9 B g0 mewe
with PMC

Ideal Future State
of Pneumonia

GDN EIA
PRE-ANALYTIC POST-ANALYTIC 1987 Diagnostice
) 1 9 8 O Toxin
/ Patient evaluation +/ Reporting Tissue AEIA ¥ Bandiedt Sesting Spproachies
test results culnme v Implementation strategies
(cytotoxin) + Guideline support
J

p\  Test order

i +/ Communication assay
v/ Test collection to clinician Bacterial
1999 2023
ESCMID sCAP Guidelines
i Pneumococcal urinary
RS RELSy Ty Restrictive reporting sndigen FOV epproval mﬂim&i‘iimw
(pneumonia prevalence)
Implementation _ _ o 2019
i . . Specimen Active antimicrobial IDSA CAP guidelines add
Considerations Ao 2 g 1985 singleplex nasal PCR for
rejection criteria stewardship anti-MRSA therapy
Development of PCR de-escalation
Clinical decision Nudging 1981 2018
support
Legionelia unnary mPCR PN panels
antigen developed recaive FDA approval
Pneumonia

Diagnostics 2024, 14(7), 752
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Progression of pneumonia diagnostics efficacy framework

Past: Conventional (CMT) Present: Metagenomic (MNGS) Future: Targeted (tNGS)
Blind Culture Unbiased Discovery Amplified Signal
« & MH|8 AH: 7hdo| LR el YL X - Z7: DNA/RNA SA| EX|, #HE £
« T A0l AR%|= A2t 50% +Z2 « T 2 55 DNA 714, 2124, 1| & « £3: TIH0l| chot =X DIZHEL}
e alze 0= Ahet

Front Microbiol. 2023 Jun 28;14:1186424
Expert Rev Mol Diagn. 2022;22(5):575-582
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Progression of pneumonia diagnostics efficacy framework

mNGSe| Za|0}: 90%2] &3
DNA7} eIt MSE Hesirt

= Z4ko] oA
S &7| ZAI(BALF S)0llM MME|= t=Xol ool

Zt 72l DNAZL A3 HIOIE & EetgfL|Ct.

Host Background O|=F H20 K| =2}
DNA (90%+) Io o= '" T -
MIZE LY HelK|(Mycobacterium ‘S)2| 0|2ZF J|IZ 2|
Eow abirs DNA(cfDNA)= 7HCHEE =3 0| =0]| 23] A=
-abundance ol =2 x| 25H
Pathogens mﬁlxla Dxl = lE"

a1 Qo
mMNGS= F0{tt T2 S X|L|X|2H =3 DNA H| 20|

— =2 32 AHA! Z10|(Sequencing Depth)7t 2AHE|O]
AN HRAKE =KX= YHOo| L HshL|Ct

Front Microbiol. 2023 Jun 28;14:1186424
Expert Rev Mol Diagn. 2022;22(5):575-582
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Progression of pneumonia diagnostics efficacy framework

« Targeted Amplification Filter

O 3% XpEE

H>
a by

‘w,
® | Y g ZCES(Ultra-multiplex) PCR 32
HostDNA & \ ¢ o———— Targeted PCR Soll 21ZE FTA|t BiE 0| E =2
< : : 11 H 7}-A'19_=’EIO HIGLE
w ‘k 774 Amplification ZHE E2|1K Q= BFIEILICE
- \. (3 -osill
¢ 9, . { CIQ T2 A ZEA
‘ & % 7,,,,'»' - DNA & RNA 771 H|Z3k Al7t 210] DNARL RNA
¢ &/ iy . Co-detection HIO|ZAE T RE T2AAZ
® - R~ SAl AL
¥ Y
Pathogen e ““qf‘_, I
- | . : 2t SHHe| ZHIE Afctstol 20j2to)
¥ . N2t SIX] ok 4 b2

SEAA ZE0HA AZodLIct

Front Microbiol. 2023 Jun 28;14:1186424
Expert Rev Mol Diagn. 2022;22(5):575-582
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Progression of pneumonia diagnostics efficacy framework

[~ —7)

_ IZME MO e B () | T4 5% AEY (oo

EFX| t9|
(Detection Range)

tNGS
145N

OJA} 0|7t
Oo 0O
(Clinical Sensitivity)

7 DNA 2HY MY
(Host DNA Resistance)

27 2453
(Fungal Efficacy)

mNGS
(& 28020

SR L Z2Ih
(AMR Profiling)

22 Azt HIE 284
(TAT & Cost)

Front Microbiol. 2023 Jun 28;14:1186424
Expert Rev Mol Diagn. 2022;22(5):575-582
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Progression of pneumonia diagnostics efficacy framework

Antibiotics

A. Clinical Problem

=2 (=2 Delayed or - - '
S »"_ : /

impossible Empiric
- - > =

etiologic therapy . I

diagnosis

\—5

C. Clinical validity
Seqguencing coutput

I No gold-standard =

Diagnostic performance
assessment not possible

Machine-learning

Biomarkers Cultures

p— Pneumonia — Pathogen X

D. Clinical Utility

- = -2 Indeterminate

Pneumonia Index =————

— NO Pneumonia

-_
-- Clinical

—_—
- . . I Outcomes

{fomm-

Clinical Trial
NGS vs cultures Impact on

antibiotics
Ulsan University Hospital

mSystems. 2018 13;3(2):e00153-17



Progression of pneumonia diagnostics efficacy framework

Bacteria (without M. tuberculosis)
a. baumanni i

p. acruginosa |

k. pneumoniae

S aureus |

corynebacterium striatum |
h. influenzae |

S. pneumoniae |

p. maltophilia ]

s. marcescens |

moraxella catarrhalis |
nocardia species |
klebsiella variicola |
burkholderia cenocepacia |
escherichia coli |

\. tuberculosis

Fungi

candida

aspergillus
pneumocystis jirovecii
Chlamydia psittaci
Virus

[ ] doublet i

| [ tNGS only — i N i

ads: i
G: negative : MTB PCR: RGN S LIS 2100

m\GS only e s P

cm.myd-a psittaci 83207

omTs:
BALF cluture: negative:
serum GM:0.05; BALF
GM:0.05; Viruses PCR:

l Baumannii:as reads
pcT 0199 0.264
cRP 16795 2125 715
discharged
) —m C— — —— L ] — with
Day 1 Day s Day 4 Day & Day 10 | Improvement
transferred to ICU

remnesesmwl] |

Omadacycline 100mg ad IVD I

| Ceftriaxone/ Tazobactam 2g q12h IVD l

Voriconazole 0.2g q12h VD |

Amphotericin 8 50mg bid INH |

INGS BALF:
Pneumocystis jiroveci 311
reads; Candida aibicans 39773
reads; Candida glabrata
cmTs 15395 reads

Viruses PCR: Pneumocystis
negative;G: negative; lirovect 25 reads; HSV- 11588
serum GM: 0.376; T- reads; EBV: 1935 reads;

spot: negative; MT8 HSV-7: 5 reads.
PCR: negative

P —

G3

BaALE, eIt *negative;
ALF GM:0.486;

P T

PCcT 1.60
cRP  185.86
1.60 discharged
— I S S S IS S S e CEaan S S E— with
Doy 1 Doy s Day s Day 14 ENEESNSIISNE

transferred to ICU

MeropeneM 1g a8h IVD I I

Celperazone/Sulbacia 3g q8h IVD I

I TMP-SMZ: 0.96¢ tid po(Day1-3) 1.44g tid(Day4-10) 1.44g a6h(Day11-14) ]

B
|
a
e

Figure.1 The detection results of mNGS and tNGS)

Front. Cell. Infect. Microbiol. 15:1578939
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The Paradigm Shift: Time to Result Comparison

Sample
Standard of Care CoIIecF':ion — Plating — Incubation — Isolation —> AST — Result

(72+Hours)  Qun()e——O———()
Syndromic Multiplex W

PCR (< d Hours) Sample Extraction Nested Singleplex Detection Actionable
Lysis PCR1T  PCR2 Result

Key Diagnostic Advantage: Molecular testing bypasses the need for bacterial
growth, returning a comprehensive pathogen and resistance profile while the
patient is still in the critical early intervention window.

Ulsan University Hospital




FHHac

QlAstat-Dx Respiratory SARS-CoV-2 Panel Cartridge

Reagent Reservoirs

Sample
in Fitment Injection Nucleic ——
Port Acd  Stagel Injection
Purification PCR Stage2 Port
Cell
Lysis

102 wells
- target wells

120 x 1L - control wells
Wells - bin (copies/mL) wells
Replicates wells for each assays
1l
amplification Aw’:aal’s'
bead &
P I ath rm / SySte m beating multiplex melt curve g
Biofire FilmArray PR o oo

Cepheid GeneXpert System
Luminex NxTAG Respiratory Pathogen Panel

Unyvero Pneumonia Panel
BIOFIRE® Pneumonia Panel Pouch (Reagent Kit)

Ulsan University Hospital



Platform Face-Off: Multiplex Panel

Feature

Core Technology

BioFire FilmArray Pneumonia

Nested Multiplex PCR

Curetis Unyvero (HPN)

Membrane Array Hybridization

Viral Coverage

8 Target Viruses

No Viral Targets

Fungal / Atypical

3 Atypical Bacteria

Includes P. jirovecii

AMR Strategy

7 Transferable Genes

Includes non-transferable gyrA

Reporting Structure

Semi-quantitative (104 to 10"7)

Signal intensity bands

E. coli Sensitivity

98.9%

89.6%

K. pneumoniae Sensitivity

98.1%

88.9%

Ulsan University Hospital



Introducing the Syndromic Approach: BIOFIRE FILMARRAY

Process: Closed-System Automation

1. Lysis via bead beating

2. Magnetic bead extraction

3. Massively-multiplexed RT-PCR 1
4. Singleplex PCR 2 & Melting Curve

""""
-

-y

e ———

\ 4
f )
Output: Comprehensive Payload

1w

U

.

amaiinm

Fll“ﬂ

L DM
SNOTDD
e

|
- "\

Input: Respiratory Specimens

r

« Sputum-like: Induced,
expectorated, endotracheal
aspirates (ETA)

* BAL-like: Bronchoalveolar
lavage (BAL), mini-BAL

Simultaneous detection of 33
targets from a single specimen,
eliminating sequential testing
delays.

.

Ulsan University Hospital



Microfluidic cartridge

BIOFIRE® Pneumonia Panel Pouch (BIOFIRE® (Reagent Kit)

Wells 12§ 70| &2 Zo| Ttof Qi THOIA, Zt2to| JHEHQ MY BZHEL 87|, 2H)S o]

-102 Wells

1. Target wells: £78 HAXOICH =& El PCR BHE0| EX5] HE

2. Replicate well: 2 2|[=E &0|7| {5l =X (false positive/negative Z 2, PCR reliability 2t&)
3. Control wells: ZAF =k =2tQl (sample processing/PCR/internal control)

-Bin wells (3% & H|5) I
g TR

2 Ol #2FS copies/mL EH & FMoZ2 Ho 100 colonization 7t =&
10°-10° o4 ofed=
>10’ infection 7tsd =&

Ulsan University Hospital



Respiratory vs Pneumonia Panel

Specimen NP swab (upper) Sputum/BAL (lower)
Main Target Virus Bacteria

CHE & HEO| 2 A S 4! + atypical bacteria Mo 5o +HO[ A Y&
Resistance gene - +

(mecA/C (MRSA), CTX-M (ESBL), KPC,
NDM, VIM, OXA-48)

Semi-quantitative

Quantitative analysis

Reporting time 1A|Zt 1ALt
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Diagnostic Performance vs. Standard of Care

94.4% 98.3%

>99.6%

Positive Percentage Negative Predictive Negative Percentage
Agreement (PPA) Value (NPV) Agreement (NPA)

The Power of Exclusion
An NPV exceeding 99.6% provides unparalleled clinical confidence to exclude

bacterial pneumonia. When typical bacteria are negative and viral targets are positive,
clinicians can safely halt broad-spectrum empiric antibiotics.
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The Diagnostic Payload: Target Dashboard

15 Typical Bacteria (Semi-Quantitative)

2=107

coriesm - Acjnetobacter baumannii

complex, E. coli, K. pneumoniae,
P. aeruginosa, S. aureus,
S. pneumoniae, and more.

108
108
10
[

.

8 Viruses (Qualitative)

Adenovirus, Coronavirus, hMPV,
Rhinovirus/Enterovirus, Influenza A,
Influenza B, Parainfluenza, RSV.

3 Atypical Bacteria (Qualitative)

Chlamydia pneumoniae, Legionella

pneumophila, Mycoplasma pneumoniae.

7 AMR Genes (Qualitative)

CTX-M, IMP, KPC, NDM, OXA-48-like, VIM,
mecA/C and MREJ.
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Decoding Antimicrobial Resistance (AMR)

Gene Marker Enzyme Class Ineffective Antibiotics

Broad-Spectrum

| Enzyme Class Ineffective Antibiotics

| oo
e
OXA-48-like

Protein (PBP2a)

Clinical Insight: Novel beta-lactam/beta-lactamase inhibitors (e.g., ceftazidime-avibactam)
neutralize KPC and OXA-48 but remain ineffective against Metallo-beta-lactamases (NDM/VIM).

Ulsan University Hospital



Actionable Insights: Bedside Decision Matrix

Scenario 1: Viral Exclusion Action: Safely withhold broad-

Result: Rhinovirus DETECTED, spectrum antibiotics and halt
Bacteria NOT DETECTED. empiric macrolides.

Scenario 2: Targeted De-escalation Action: Discontinue empiric MRSA

Result: S. pneumoniae DETECTED, coverage (Vancomycin); step down
mecA/C NOT DETECTED. to targeted amoxicillin.

Scenario 3: Critical Escalation Action: Immediately initiate novel

, : therapies (Ceftazidime-avibactam);
Result K.K|:I)3nce Lsrg_?gg_I?E%ETECTED, avoid standard ineffective

carbapenems.

Ulsan University Hospital



The False Positive Paradox

» Colonization 1} A& ZE= +=0°7| {&HL}.

= DNA 2= PCR 7|Bt AR AR 72 Y HOZE HH

— P~

» UM HA: MAJ|E colonization/O| ™ ZY¥ = XFE DNA/active infection

» £5| XA E|= & S aureus, P aeruginosa, Acinectobacter spp

=

= 59| =X k|= condition: bronchiectasis
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The False Positive Paradox

- AT A 2ol 3A SEgS BS
= B[ QA 4 Mz, &7| % flora A= (+)
= epithelial cell <10/LPF, neutrophil >25/LPF

= PN O|2| A] Gram stain + culture SA| AJ<i0o] #11
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The False Positive Paradox

- B8 1t ol 40| OfF o=

" PN panel2 H{YELCH O 2 22T S E15t= 3T

104 colonization 7}sd =2
10°-10° SHAM 0|22
>10’ infection 78 =2
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The False Positive Paradox

- W8 REX HE 2 A SEH LHE
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The False Positive Paradox

« Panell] S HaN= A=E|X| &=L}

= PN panel=target-based PCR (BAt F 50| A= HAEHM T HE)

= A5 =7t Y3 K Stenotrophomonas maltophilia, % anaerobe,

2 £ fungal pathogen, Nocardia, Mycobacteria

= PN panel negative# infection 1S
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The False Positive Paradox

Driver 1: Prior Antibiotics

Nearly 50% of culture-negative/PCR-positive results

occur because patients received targeted antibiotics
within 72 hours prior to sampling, neutralizing the
culture but leaving pathogen DNA.

Molecular Positivity
(Infection Reality)

Driver 2: The VBNC State

Clinical stress forces bacteria into a ‘Viable But Non-
Culturable’ dormant state. They escape traditional
plating while retaining severe virulence.

Culture
Positivity

Driver 3: Fastidious Organisms

Pathogens outcompeted by normal flora or requiring
highly specialized growth conditions are easily
missed by standard microbiological protocols.

Ulsan University Hospital




Machine learning and CDSS

Stepwise Machine Learning Models
for Community-acquired Lower Respiratory Tract Infection in Children

Development cohort
(Jan 2005 = Jul 2019, n=8,583)

. R LREL
Model development with . -
selected features

CA-LRTI—

C n=3,456
'
:

(including hyperparameter optimization)

I : /_
' !
MODEL MODEL - VI' ra ,
|__@ @_-l . _— n=1,398
! ' J\ L B . training Set ',’ Pneumania, Bronchitis/Bronchiolitis
: i s : +
o b \ m noles| | (n=6,872) ; CA-LRTI
I Testing Set 1 | ; n=3,416
\_ i, ‘ .- Lung 7
— Lo Bacterial
! : ' Communlty -acquired : / ° n=1,377
"’i o i I‘ ) i, awer Raspiatocy : Predi;on model for Prediction Model for
" . | Tract Infection (CA-LRTI) | . . . .
Sl sesbo e | s, e | LRTI Diagnosis Identifying Pathogens

Aug 2019 — Nov 2023, n=746
L (Aug ) P

Sci Rep 15, 41710 (2025)
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Machine learning and CDSS

target
Age
BUN

08

CURB6S
Smoke
drink

WBC
Neutrophil
Lymphocyte
ESR

™

Albumin
Creatinine

Fibrinogen

D-Dimer

log_glcm_MaximumProbability
1og-30_girim_RunLengthNonUniformityNormalized
10g-3D_firstorder_Entropy

log-3D_glcm_id
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Take Home Message

* Pneumonia diagnosis should not rely solely on pathogen identification.

— There are significant limitations such as time delay, colonization vs infection issues, and reduced
accuracy after antibiotic use.

Host phenotype and immune response must be considered.

— Hyper- and hypo-inflammatory states influence prognosis and treatment response.

* Rapid molecular diagnostics are helpful, but careful interpretation is

essential.
— Results can reflect colonization, dead organisms, or unclear bacterial load.

* Precision medicine requires an integrated approach.
— Clinical features, microbiology, and host response should all be combined.

* Final treatment decisions should still be guided by clinical judgment and
culture-based results.
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Thank you for your attention
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