Practical Use of Biomarkers In
Infection Management: Experience
Sharing on Antibiotic Stewardship

and Therapy Optimization
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What non-infectious factors likely increase plasma
procalcitonin (PCT) concentration ?

Application in lower respiratory tract infection
management (algorithm) ?

In different stages in hepatic and renal function
injury ----- > Differences in baseline plasma PCT
concentration among pts without infection ?

Significant determinants for plasma PCT
concentrations, regarding monomicrobial GNB
bacteremia among adult pts ?

Invasive candidiasis, & primary VRE BSI - plasma
median PCT concentrations, diagnostic value ?



Procalcitonin (PCT)

In 1981, PCT (116 amino-acid glycoprotein, 1.3 kDa)
was discovered in human thyroid medullarv
carcinoma, and was synthesized (when inflammation

occurs) in almost all parenchymal tissues.

The diagnostic value of PCT is significantly better
than presepsin, IL-6, & IL-8 among patients admitted
with suspected sepsis.

The PCT non-clearance is strongly associated with all-
cause mortality in septic patients (the 48-h PCT

clearance >30% --> survival [HR 2.90; 95% Cl 1.22 to

PCT concentration, medians & ranges: substantial
differences in GNB vs. GPC, fungi, and viral infections.



The Clinical Value of Procalcitonin, in the Prediction of Infected
Necrosis (IN), in Acute Pancreatitis
Intensive Care Med 2000:26:5159-64 Rau B et al
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Figure. Course of PCT (A) and CRP (B) in patients with infected-necrosis (IN), sterile
necrosis (SN), and interstitial edematous pancreatitis (AIP). PCT contentrations
were significantly higher from day 3-13 after onset of symptoms in patients with IN,
whereas CRP revealed no difference between IN and SN during day 1-7.



Factors other than infections predispose
into elevation of plasma | ] ?(1)

* Shock & Ischemia: Prolonged cardiogenic shock,
severe hypoperfusion, & ischemic bowel
syndrome (sterile inflammatory activation).

e Specific Malignancies: Certain tumors—
particularly (1) medullary thyroid carcinoma, and
(2) small cell lung cancer (SCLC)—actively
synthesize and release PCT.

* Major Tissue Trauma & Burns: Severe physical
injury, extensive surgery, and thermal burns.



Factors other than infections predispose
into elevation of plasma [procalcitonin] ? (2)

* Severe Systemic Inflammation: Non-infectious
systemic conditions, e.g., severe acute pancreatitis,
heat stroke, or diabetic ketoacidosis (DKA).

* Renal Failure: Acute kidney injury, or acute liver
disease—reduced renal clearance of this peptide.

* Medications & Therapies: (1) Immunomodulatory
drugs (e.g., anti-thymocyte globulin, alemtuzumab),
and (2) granulocyte colony-stimulating factors (G-
CSF)—stimulate cytokine release, thus elevate PCT.



PCT Interpretations in: lower respiratory tract
infections (pneumonia, COPD exacerbation, bronchitis)
(1) LRTI[Initial/Antibiotic Use Algorithm

| pcTveive | | <0.1Iug/L | | c1-024pgn | | 202505un | | sosuen |

|
Antiblotic Use Strongly Strongly
Recommendation Discouraged [ Discouraged ] [ Encouraged ] Encouraged

N

Repeat every 2-3 days to consider
early antibiotic cessation
See Algorithm 2

* Consider alternative diagnosis
{(Repest PCT in 6.12 hourg) antiblotics not
begun and no dinical improvement

* |If cdinically unstable, immunosuppressed or
high risk consider overruling {PSI Class V-V,

B>2, GOLD Ml or IV)

(2) LRTI PCT|Follow up]Algorithm

0.1-0.24 pg/L or I[zO.ZS-ijg/L] | >05un |I

drop by >90% drop by >80%
Cessation Cassalion
lncnnmndl::m ot Cessation Cessation Strongly
i, i Encouraged Discouraged Discouraged

\/ \/

Consider continuing if
clinically unstable

I PCT rising or not adequately decreasing
consider possible treatment fallure and
evaluate for need for expanding
antibiotic coverage or further diagnostic
evaluation

Algorithm 2: LRTI PCT Value Follow Up



Procalcitonin and Liver Disease: A Literature Review

J Clin Transl Hepatol 2019 Mar 28;7(1):51-5 DongR et al
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1.(Ru|e et al. found that PCT values in \

chronic liver disease (0.104 ng/mL) ---
significantly differed from acute liver
failure (ALF; 2.0 ng/mL --- above a cut-
off that generally indicates severe

N\
)
< __{ \SE PSIS. PLoS One 2015,10.e0138566j

Damage-associated molecular
patterns (DAMPs): Liver (and other
organ) injury results in the death of
a vast amount of liver cells; through
sensors and effector cells, DAMPs
are released.
Endotoxins on GNB: once recognized
by the host toll-like receptor 4 on
immune cells, inflammation-related
cytokines (TNF-a, IL-1/6/8/10) are
immediately produced as well; thus

B IERIREIR G (ALF) #99m A, F| Fplasma [PCT]
2R

2T =B A sepsis K threshold b, B E 1+ 5%

inducing the PCT synthesis process.
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Kidney Impairment vs. plasma [PCT] ?

1.

2.

Acute kidney injury (AKI):

Freguently accompanied by profound systemic inflammatory
responses (e.g., severe infections, major surgery, or shock).

AKI patients typically exhibit significantly higher and more
erratic PCT elevations compared to CKD patients with the
same GFR.

Chronic kidney disease (CKD):

Usually involving a slow, progressive decline in kidney
function and is associated with chronic, low-grade systemic
Inflammation and oxidative stress.

Stable CKD generally exhibit a mild, and predictable
elevation in baseline PCT that correlates with the severity
and stage of their disease. However, the magnitude of this
baseline PCT elevation (in non-infected CKD patients) is
usually lower than that seen in severe AKI.



AKIl, stable CKD, & ESRD patients, differences
In plasma [PCT] diagnostic thresholds ?

J Pharm Technol 2020 Aug;36(4):157-63

Table 3. PCT Thresholds in Renal Dysfunction From Prior Literature.

Bowman C et al

Number of
patients Definition of renal dysfunction Threshold Sensitivity Specificity AUC
Park et al'® 493 eGFR <60 mL/min/1.73 m? I.I ng/mL 73% 89% 0.867
Lu et al' 803 N/A 0.5 ng/mL 68% 94% 0.82
El-Sayed et al'® 473 eGFR =30 mL/min/l.73 m? 3.2 ng/mL 53% 75% 0.67
Lee etal'’ 4] ESRD on dialysis (either 0.75 ng/mL 76.2% 80% N/A
hemodialysis or peritoneal \
o vsis)
Nakamura et al'’ 806 KDIGO AKI guidelines Stage N 0.74 ng/mL 83.8% 91.6% 0910
Stage 2: Q.59 ng/mL 75% 88.9% 0.867
Stage 3: 407 ng/mL 87.2% 93.5% 0.946
Bowman et al 198 Overall: CrCl =60 mL/min Overall: 1.0\pg/mL 59% 76% 0.736
(current study) calculated by Cockcroft-Gault
AKI: KDIGO AKI guidelines (AKI: l. ng/mL\ 59% 86% 0.797
Plasma [PCT] among CKD: GFR <60 mL/min/1.73 m? | CKD: 0,1 ng/mL 66% 64% 0.683
at baseline, corroborated with
pts: correlate with provider documentation in the
serum [creatinine] patient’s history and physical
\ESQGFR <15 mL/min/1.73 m? \ESRD: l. ng/qu 80% 65% 0714

(3) ESRD (most delay in PCT clearance, & susceptible to inflammation), 1.00-1.75 ng/mL
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Contents lists available at ScienceDirect

journal homepage: www.e-jmii.com

Journal of Microbiology, Immunology and Infection

Moad i
Microbiolog

Gram-negative bacteremia (1) J Microbiol Immunol Infect 2026 Jun;59(3):403-10 Jean SS et al

Chih-Cheng Lai “ ’, Chun-Chung Hsueh “¢, Ching-Ting Wei **¢, [-Min Liu “, Po-Chuen Hsieh °,
Median (IQR) [CRP] & [PCT], GNB% among various infection sources

Shio-Shin Jean “'"

| A total of 1,061 ICU-hospitalized patients with sepsis l

excluding

[ Multiple infection sources, n =107 ]

| A single infection source, n = 954 |

[ Bacteremia and/or candidemia, n» = 574 I

excluding Patients with polymicrobial

bacteremia and/or candidemia

Bacteremia caused by a single Gram-negative bacteria, n = 358
Bacteremia caused bf a single Gram-positive bacteria, n = 132

~ [CRP] Lt [PCT] £ ICU YRR 2, B2k = ) R LR ANTE SR

Main sources of GNB rates, isolate no. CRP, PCT, median
bacteremia caused by [96] (Enterobacterales/ median (IQR), ng/mL
a single bacterium non-fermenting GNB) (IQR),

(number) mg/dL

Pneumonia (n = 127) 86° [67.7 %] (48 [37.8 17.37 12.68 (2.63,

%]/36 [28.3 %]) (8.09, 33.27)
26.94)

Urinary tract infection 118 [96.7 %] (114 [93.4 15.50 46.59 (11.43,

(n=122) %]/4 [3.4 %]) (8.14, 104.86)
25.16)

Primary bacteremia (n 71 [76.3 %] (57 [61.3 14.20 6.90 (2.53,

~ 93) 9%]/14 [15.1 %]) (.76, 41.09)
20.67)

Indwelling central 7 [21.2 %] (3 [9.1 %]/4 15.91 12.09
venous catheter, or [12.1 %]) (5.30, (5.61,59.01)
arteriovenous shunt 20.01)
infections (n = 33)

skin and soft tissue 9[37.5%] (7 [29.2%]/2  19.02 17.61 (2.57,
infections (n = 24) [8.3 %]) (9.21, 52.27)

31.89)

Biliary tract infections 24 [100 %] (24 [100 13.75 28.75 (5.07,

(n = 24) 9%]/0 [0 %]) (8.08, 64.95)
22.32)

Peritonitis, primary or 7 [50 %] (6 [42.9 %]/1 15.04 17.87 (7.01,

secondary (n = 14) [7.1 %]) (10.58, 27.23)

26.65)
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Significant determinants of plasma [PCT] for
monomicrobial GNB bacteremia in ICU adult patients (2)

J Microbiol Immunol Infect 2026 Jun;59(3):403-10 Jean SS et al
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CVC/AVS/AVF .
Coefficients Median [PCT] vs. Overall GNB rates |[Median [PCT] vs. Enterobacterales rates|
r 0.703 0.767
P values 0.078 0.044

Fig. 2. Correlation between the proportions of Enterobacterales isolates and overall Gram-negative bacteria (GNB; with associated dotted trendlines), and median
plasma procalcitonin concentrations across seven predominant bloodstream infection sources in patients with monomicrobial bacteremia hospitalized in intensive
care units between 2020 and 2024 spp., species. [PCT], procalcitonin concentration. UTI, urinary tract infection. CVC, central venous catheter. AVS, arteriovenous
shunt. AVF, arteriovenous fistula. SSTI, skin and soft tissue infection. BTI, biliary tract infection.
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Significant determinants of plasma [PCT] for
monomicrobial GNB bacteremia in ICU adult patients (3)

J Microbiol Immunol Infect 2026 Jun;59(3):403-10 Jean SS et al

FI|FH Comparable time-to-positive (T2P) durations B subgroups, 2K
[T
* (1) Shock development, and (2) a APACHE Il score >21 points:

predict Pittsburgh bacteremia score (PBS) >4 (OR, 4.92 and 9.33,
both P values <0.001).

* In contrast, Enterobacterales as the etiological organism: negatively
associated with a PBS >4 (OR, 0.31; P = 0.011).

* Etiological GNB isolates, &I H MDR phenotype (including ESBL-
producing E. coli, CR-A. baumannii, & CR-K. pneumoniae): no
impact on [PCT].

* DIC: presents higher plasma [PCT] than no DIC (P = 0.031).

* Immunodeficient group (including Pugh-Child C liver cirrhosis):
presents relatively lower plasma [PCT] (P = 0.062), whereas no
difference after Child C liver cirrhosis was excluded (P = 0.946).
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Pitt bacteremia score (PBS) assessing

severity of septicemia (1998 version)
Int J Antimicrob Agents 1999, Chow JW, Yu VL

Fever (oral) Point(s)
<35.0°C 2
36.0°C
36.1~38.9°C Critically ill condition : > 4 points !
39.0°C
>40.0°C

Hypotension

N N P O B

(A) Acute hypotensive event drip in systolic > 30 mmHg and diastolic > 20 mmHg
(B) Requirement for intravenous presor agents; or
(C) Systolic blood pressure < 90 mmHg

Mechanical ventilation 2
Cardiac arrest 4
Mental status : Alert 0
Disoriented 1

Stuporous 2

4

Comatous




Gram (-) bacteria FEHEKEME (=302

m Yes-CRP (mg/dL)

®m No-CRP (mg/dL)

Yes-PCT (ng/mL)  ®No-PCT (ng/mL)

30

25

20

15

10

Plasma median CRP, PCT concentrations

P =0.062

{_L_\
23.4

16.36

12.58

8.62

Immune defect

P <0.001

(—A—\
26.56

16.79
14.94

12.56

P =0.005
(—A—\

23.81

16.32 16.26
15.15

Shock

Chronic renal failure

T2P, median
(IQR), hours

Yes

[n=59] 36 (14, 57)

[n=258] 35.5 (15, 54.25)

[n=78] 37.5 (17, 57.5)

No

[N=299] 40 (16, 54)

[n=100] 41 (17, 54)

[n=280] 38.5 (15, 53.75)




Calcitonin Precursors (Procalcitonin) are Reliable
Markers of Sepsis in a Medical ICU
Crit Care Med 2000;28:977-83 Miller B et al

Table. Evaluation of laboratory parameters, for the diagnosis of sepsis in a medical
intensive care units (%)

Parameter Sensitivity  Specificity Negative Positive
Predictive  Predictive
Value Value

Calcitonin precursor 89 94 90 94

(1 ng/mL)

Interleukin-6 (50 pg/mL) 65 79 71 74

C-reactive protein 71 78 74 75

(10 mg/dL)

Lactate (2 mmol/L) 40 77 58 61

High serum concentrations of procalcitonin: associated wit@

(P =0.01). However, are they true in real-world scenarios ??? 16



Significant determinants of plasma [PCT] for monomicrobial
GNB bacteremia in ICU adult patients (4)

J Microbiol Immunol Infect 2026 Jun;59(3):403-10 Jean SS et al

» High plasma [PCT1in GNB senticemia "—TF & &R AR SR TE; 54} (independent
predictors #1): (1) shock, (2) UTI with h ronephr05|s 2% (3) DM B99® A, plasma [PCT] A Lt

B = BMER]); &z, W ERAEREheAE A998 A, plasma [PCT] 48 BAEE[EAENAG1E [A]

Table 4
Independent factors predicting significant impacts on plasma procalcitonin
concentrations among sepsis patients with monomicrobial Gram-negative

bacteremia.
i Analyzed characteristics odds 95 % confidence P
g Ly A ratio interval values
E an =1, LowPCT groy o vo— -
o son Comorbidity Index >3 0.633 0.373-1.073 0.090
= Ml High PCT groy points
*2 i Immunodeficient conditions 1,432 0.645-3.179 0,378
"E {Shock development 2.094 1.253-3.500 0.005_}|
2 Enterobacterales species causing 1.049 0.536-2.053 0.688
o 02 infections
-E Multidrug-resistant phenotypes 0.816 0.475-1.402 0.462
L Urinary tract infection 1.048 0.515-2.136 0.896
E 017 Urinary tract infection with 3.826 1.640-8.926 0.002
S __hydronephrosis
- Pneumonia 0.670 0.335-1.342 0.259
. . . : . . Primary source 0.665 0.338-1.309 0.238
0 " - - o - Diabetes mellitus 1.656 1.016-2.699 0.043
Number at risk ICU stay days Child-Pugh class C liver cirrhosis 0.352 0.113-0.967 0.049
Low PCTgroup 0 48 61 65 66 Chronic obstructive pulmonary 0.676 0.205-2.229 0.520
High PCT group 0 27 4 35 36 disease

# Long-term H/D: not a factor contributing to q* plasma [PCT]

Fig. 3. Cumulatdve mortality rates in high and low plasma procalcitonin (PCT) groups among intensive care unit (ICU) patients with monomicrobial Gram-
negative bacteremia.
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Limitations in plasma [PCT] interpretation

+ Significance of ileus of different degree (ileus th&
5|ChmERI5E K, BERK L, ileus FIE & RIZH], B
K % 24 sepsis/septicemia, T EHZ2H & & MIE,
RENEESHEESAFNieus ....)?

» Immune defective subjects 21k i Bl FE 04 5 2 f ik
2 HItk, R]ZE R A% ESRD receiving long-term
H/D §&48 4 immunocompromised hosts; {B #7* &8
phak &2, 524 long-standing H/D recipients, FE:%
th#F defective immunity ......

 ARDS, ECMO use, bacterial co-infections in virus
pneumonitis: 11 plasma [PCT] (>1.0 ng/mL).

+ RRALUME XFERBAZ, HERE L ERAER
cases RIGBIFEE DM (AL IEE A E X EZKE data).




Gram (+) bacteria EFEKIGHEE (=132

m Yes-CRP (mg/dL)

= No-CRP (mg/dL)

Yes-PCT (ng/mL)

® No-PCT (ng/mL)

20 r
" P =0.001
S 16.97 16.88 | 16.97 16.73
= 16 F )
T 15.04
c
el
e
S 12
o
c 9.35
S
8 8 7.41
=
@®
c 4.64
L 4
o
0 1
Immune defect Shock Chronic renal failure
T2P, median | Yes | [n=23] 44 (17.5, 50.5) [n=88] 38 (19, 57) [n=41] 32.5 (14, 53.75)
(IQR), hours
No [n=109] 40 (18, 58) [n=44] 42 (16.25, 58.75) [n=91] 43 (19, 57)
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Plasma PCT concentration ranges, in other
miscellaneous infections

* Pulmonary Aspergillus spp. infections ?

* Cryptococcus infections ?

M. tuberculosis infections ?

* Leptospirosis (Weil’s disease) ?

20



Top Gun (Tom Cruise, in 198€§)




Procalcitonin (PCT) vs CRP vs ESR

Procalcitonin (PCT) CRP (C-Reactive Protein) ESR (Erythrocyte Sedimentation Rate)

* Bacterial Infection & Sepsis « Acute Inflammation * Chronic Inflammation
* Guiding Antibiotics * Infection, Autoimmune, Injury * Temporal Arteritis, PMR
*« Rises 3 h, Peaks ~24h * Rises 6-12h, Peaks 24-48h * Rises 24-48h, Stays High Weeks
* Falls Fast * Falls Over Days * Slower to Fall
« Sensitive, Good for Monitoring * Least Specific
High: Sepsis, ‘ High: Infection, Autoimmune Flare High: TB, Chronic Disease, Malignancy
Severe Bacterial Pneumonia ‘ Pitfalls: Any lnﬂammnmn, Pitfalls: Anemia, Older Age,
Pitfalls: Surgery, @ Obesity, Smokmg Kidney Disease

Trauma, Organ Fallure = @ *

e o

ESR

High: Sepsis, High: Infection, Autoimmune Flare High: T8, Chronic Disease, Malignancy
Suraerv. Trauma. Oraan Failure Obesity, Smoking <. Anemia, Older Age, Kidney Disease
Ty, (PCT): 22-26 hours T, (CRP): about 20 hours

CRP: Broad Inflammation Marker ESR: Chronic & Inflammatory Conditions

PCT: Best for Bacterial & Sepsis

(and: monitor sepsis tx response)
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Case 1: A 71-year-old female patient, with DM and receiving C/S 40 years

ago, was admitted on 6/10 because of small bowel ileus. Due to suspicious

sepsis with acute kidney injury, & high pl a [PCT], parenteral piperacillin-
tazobactam was administered since 6/12 .... (1)

Plasma [PCT] (on 6/12): 97.09 ng/mL >>>> (6/23): 48.22 ng/mL. B/C
(6/23 11pm): E. coli (T2P: 12 hours)

2026-6-24
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Case 1: This 71-year-old female patient had the diagnosis of small bowel
lleus. However, her cause of ileus was not conclusive at general ward. Sudden-
onset aggravating lower abdominal pain, dyspnea, & conscious change

developed on 6/23 night. A high plasma [PCT] was also recorded on 6/23 ....

rOperation findings (6/24 night)

1. A segmental small bowel (40 cm from the ileocecal valve) ischemic change, with multiple
gangrene change perforation; distal ileum almost autoamputation.

\_ 2. Resected the 50 cm small bowel ---> creating distal ileum stomy. Turbid ascites ~3000 cc

@)

~
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14
15
16

sho

BOOG2464313%  115,06.23  115.00.24

B6062464313% 1150623  115.00.24

mHER
Escherichia coll

smo | RERER

Anwp:{tlllﬁ/sulbdctam
Piperaciilin/Tazobactam
Cefazolin {other)
Cefmetazole
Cefotaxime
Ceftazidime
Cefeplme
Ertapenem
Iipenem_
Meropenem
Amikacin
Gentamicin
Ciprofloxacin
Levofloxacin
Colistin

RE Ry

Trimethoprim/Sulfamethoxazole

115,06.24  19:19:42 Blood

115,06.26  09:4%:07 8lood

| mE \ e ;‘llﬂﬁﬂﬂi¢§Mim_

et

First report R CVP neckiRigie B
:115.06.24 I3 =10:56: 21

R OVP neckiREBRME B89:115.06.240F

M »10:56:21 Final report

Snan
115.06.26

Z®/F ¢ Blood Culture 13016 Culture ReprotE= £ F 15871 1% 1887 © Blood
BREFR

005818

MIC |2 MIC 3 MIC 4 MIC

M# | colony |
T
SAM- R >=32
129 8
C203 R >=&d
MZ S 8
CFT R 4
W S 4
CPE S5 <=1
ETP- 5 <=05

Ml S <=025
MER S <=025
AN S5 <=2
GM R >=16
P R 1
LEV 1 1
cs 1 <=05
SXT R >=320

on 6/26

(Friday), 8am.

ESBL-producing E. coli
bacteremia, which source
could be adequately
treated with
piperacillin/tazobactam ?
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Case 3: A 38-year-old female, seizure since neonatum, suffered from Rt
empyema (Streptococcus group G) s/p VATS decortication (11/27); ceftriaxone

was used, but right lung consolidations worsen (12/01) ..... I\/IBD on 12/20
New sputum culture: grew wild-type Rl ks i .;Lm.m, " -
Enterobacter cloacae complex (CMZ-R, but [l stbon o omer o _ivze e ’g
CTX/CRO-S) on 12/02 >>>> a potential R e an AR - 12'
AmpC hyperproducer. Is antlblotlc reglmen e S .
needed for adjustment |~ .0 T r (

. marae - oo

Rocephin (11/26~12/05) efep|!-ne (12 /06"' %

R
portable
R26

- 2025-11-27 ; 2025-12-03 i { 2025-12-08
lasma [PCT]: 4.62 ng/mL ™= : plasma [PCT]: 11.27 ng/mL : * plasma [PCT]: 2.19 ng/mL
i - ]




= 5 F e TYPE Systematic Review
& frontiers | Frontiers in Medicine y

PUBLISHED 02 September 2025
Timing of antibiotic initiation in oI mes s B
sepsis and neutropenic fever

Jenny Gretland!, Sigrun Sjgmeeling’, Knut Anders Mosevoll?

and Hakon Reikvam?3* Front Med (Lausanne) 2025 Sep 2:12:1597047  Gretland J et al

“Faculty of Medicine, University of Bergen, Bergen, Norway, “Department of Medicine, Haukeland
University Hospital, Bergen, Norway, *K.G. Jebsen Center for Myeloid Blood Cancer, Department of
Clinical Science, University of Bergen, Norway

A5 Pt s S e, oo e e e s ren sz (DX USE, Within 3 h vs. beyond 3 h)

Raferences Sample Patient autcoma Does the study Ssgnificant Madian time to Detalls. OR ”
e differantiate between association AB v
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Appropriate timing of antibiotic initiation in patients

Sepsis A A, IR=/NEFA, 1%
ZEEMInEF AR &EEY
WERAR 30 RIETE

with sepsis or septic shock: a systematic review and

meta-analysis

Nam Su Ku'*, Yonaseop Lee'*, and Dae Won Park?

Korean J Intern Med 2025 Sep;40(5):725-33 Su NS et al

Odds ratio Odds ratio Risk of bias
Study or subgroup Log [odds ratio] ~ SE Weight  IV. Random, 95% Cl| IV. Random, 95% ClI A B CDETFGH
Abe et al. [19] 2019 00665  0.1619  17.9% 1.07 [0.78, 1.47] - ++++++
Ferrer et al. [1] 2009 -02909  0.0985  22.4% 0.75 [0.62, 0.91] -+ 7T PPPEPPS®
Hu et al. [22] 2020 -04868  0.1384  19.6% 0.61 [0.47, 0.81] - T PPEPPE®
Lueangarun and Leelarasamee [25] 2012 -0.5878  0.2242  13.9% 0.56 [0.36, 0.86] —=— 7T FPPPFPEE®
Ryoo et al. [26] 2015 -0.1396 0.3059 9.9% 0.87 [0.48, 1.58] —u— 28R 28000
Savran et al. [27] 2016 -1.5506  0.5598 4.0% 0.21 [0.07, 0.64] PP 28+ ®
Tan and Mendoza [28] 2019 -0.712 0.2527 12.3% 0.49 [0.30, 0.81] — PES 229 ®
Total (95% CI) 100.09%  0.67 [0.53, 0.86] &
Heterogeneity: Tau? = 0.06; Chi2 = 16.17, df = 6 (p = 0.01); 12 = 63% T T T T
Test for overall effect: Z = 3.23 (p = 0.001) 0.05 0 1 5 20
@ Favours [> 3 hr]
(Overall sepsis patients)
Odds ratio Odds ratio Risk of bias

Study or subgroup Log [odds ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl A B CDETFGH
Hu et al. [22] 2020 -0.4868 0.1384  83.0%  0.61[0.47,0.81] B 2%+ +++++
Ryoo et al. [26] 2015 -0.1396 03059  17.0%  0.87 [0.48, 1.58] AT R T T )
Total (95% Cl) 100.0%  0.65[0.51, 0.83] &
Heterogeneity: Chi2 = 1.07, df = 1 (p = 0.30); 12 = 6% T T i T T
Test for overall effect: Z = 3.39 (p = 0.0007) 0.0 . ! 5 20

9 . @ Favours (> 3 hr]

B (Septic shock patients)
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Time to Antibiotics

13. For adults with possible sepsis without shock, we
recommend rapid assessment of the likelihood of in-

. _ - fectious versus non-infectious causes of acute illness.
12. For adults with possnbld septic shock br a high like- Best practice statement.

lihood for sepsis, we recommend administering Remarks:

antimicrobials immediately. ideallv Withi 14. For adults with possible sepsis without shock, we

recognition. (SSC 2026 Apr”: A suggest a time-limited course of rapid investigation
Strong recommendation, low quality of evidence (septic

and if concern for infection persists, the administra-
shock) _ tion of antimicrobials withi .@ om the time
Strong recommendation, very low quality of evidence when sepsis was first recognized.

(sepsis without shock) Weak recommendation, very low quality of evidence.

Time to Antibiotics

Recommendations

15. For adults with a low likelihood of infection

(partiCUlarly for patients with and without shock, we suggest deferring antimicrobi-

MDR/XDR-GNB. fun g al als while continuing to closely monitor the patient.
. . ’ Weak recommendation, very low quality of evidence.
Infections)

# Each additional hour of time from ER arrival to administration of antimicrobials was
associated with 1.09 increased odds of in-hospital mortality.

# Whenever possible, an initiation of antimicrobial therapy should be completed within
3 hours of presentation, so that a decision can be made as to the likelihood of an
infectious cause of the patient’s presentation and timely antimicrobial therapy
provided if the likelihood of sepsis is thought to be high.

# The mortality reduction associated with early antimicrobials appears strongest in
patients with septic shock, while weaker associations in patients without septic shock

(rapid assessment of infectious vs. non-infectious causes is needed when possible).
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Efficacy and safety of procalcitonin guidance in reducing the @ X ™
duration of antibiotic treatment in critically ill patients:
a randomised, controlled, open-label trial

Evelien de Jong, Jos A van Oers, Albertus Beishuizen, Piet Vos, Wytze | Vermeijden, Lenneke E Haas, Bert G Loef, Tom Dormans,

Gertrude C van Melsen, Yvette C Kluiters, Hans Kemperman, Maarten | van den Elsen, Jeroen A Schouten, Jorn O Streefkerk, Hans G Krabbe,
Hans Kieft, Georg H Kluge, Veerle C van Dam, Joost van Pelt, Laura Bormans, Martine Bokelman Otten, Auke C Reidinga, Henrik Endeman,
Jos W Twisk, Ewoudt M W van de Garde, Anne Marie G A de Smet, Jozef Kesecioglu, Armand R Girbes, Maarten W Nijsten, Dylan W de Lange

# Test the safety of discontinuing Abx when the plasma [PCT] (1) decreases by >80% of its
peak levels, or (2) is below 0.5 ng/mL Lancet Infect Dis 2016 Jul;16(7):819-27 de Jong E et al

The reduction of antibiotics using [PCT] as guidance tool was in association with a significant
decrease in [ileJg=lls. Use of plasma PCT concentrations might lead to more adequate
diagnosis and Ml in ICU pts with sepsis, the cornerstones of antibiotic stewardship.

Procalcitonin group
(n=761) Standard-of-care group

(1) Median Abx (n=738)
consumption: (1) Median Abx

7.5 DDD (IQR 4:0-12-7) consumption:

All parameters, P < 0.05

4;

(2) Median tx length: 5 "\ T 9.3 DDD (IQR 5:0-16-6)
days (3—9 days) 1 (2) Median tx length: 7
(3) Day 28 mortality: 20% | g days (4-11 days)

(3) Day 28 mortality: 25%




Case 4: A 54-year-old man, with (1) DM, (2) ESRD under t.i.w H/D, received

(3) recent Ml s/p CABG in May 2026. His postoperative course was complicated
by multiple infection episodes .....

SID BqE ‘ BLAT | R HEY | EhEIE M | FehE Al | i EE
B60603623259 115.06.03 115.06.04 00:31:24 Blood
B60603623259 115.06.03 115.06.04 02:02:34 Blood
2 E{EE By
1 00:31:24 <0.05
2 00:31:24 Cortisol 32.8 ug/dL
3 02:02:34 TSH 0.2502 L 0.35-4.94 ulU/mL
4 | 02:02:34 Free-T4 101 0.70 - 1.48 ng/dL
Despite vanco +|pip/tazo tx
(6/07~) and CRRT support Final answer: VR-E. faecium BSI
R Sp | MEE | WEH | RS WEEN | WG eEN -
no significant plasma [PCT]V, O B P o i
S  1ISAGe  1N15060% HS06.12 (92541 Baa I.umm'utx:gimt
repart WIE. TR T SRR
ERE C Blood Culture 13016 Cultere Reprot 2 2 891581 45 8% © Blood
we | e MR Coomy | WBEN | mmem
1 Enterccocrus foeckum({VRE) 115.06.12 09:16:41
— o WAEEW (WA 1] oMic 2 Mic 3 MIC 4] MC
sSID e O FwUH | i | S EEA | Freal | teHE Al | (iE5a 01 Peridlin G PENG R >=64
‘ v 12 Gentaicin High Lewel (syvergy) GMS 5 SYNS
B60609964436 115.06.09 /" 115.06.09 115.06.09 06:20:35 Blood 03 Streptomyck HohLevel (symergy) | STS S SYNS
No HF R = FEEEE ZEH &0 [E By :‘ f,',’,':::"‘" L:, S ‘;’5
06 Tecoplonin ™ I 16
07 Vancomycin YA R ==32
1 06:20:35 Procalcitonin(PCT) 9.50 H <0.05 ng/mL
| — Bight neck cYrNURRMEIN 115, 06, 05 W=23,2¢:2)
Seccoa wepare, VAR, [RUFTIRAGAR

Repeated revisions of central venous lines have been done ....
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Total number

Microbiological and clinical characteristics of vancomycin-resistant
Enterococcus faecium bacteraemia in Taiwan: implication of sequence

(during 2003-2010, at NTUH)

Ching-Lan Lu?, Yu-Chung Chuang?, Hao-Chun Chang?, Yee-Chun Chen?, Jann-Tay Wang?* and Shan-Chwen Chang?
| J Antimicrob Chemother 2012; 67: 2243-2249 |

VR-E. faecium BSI

type for prognosis

Number of patients with
Enterococcus bacteraemia (bar graph)

Sinure 2. Resistance rate to vancomycin of blood enterococcal isolates from 2003 to 2010.—— 1000
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Figure 1. Species distribution of 232 blood VRE isolates from 2003 to 2010.

v,
() Inthis VREfm bacteremia (n = 149) study ---
1. Primary bacteremia, 76.5%; polymicrobial BSI, 38.4%, with sepsis
presentation of 85.9%
2. Charlsonindex score, 4.3 £0.2; Vancomycin, teicoplainin exposure
(within 14 days), 36.9% and 11.4%, respectively.
3. Day 14 & 28 mortality rate, 48.3% and 59.7%, respectively
4. Linezolid therapy achieved survival, >50% (much better daptomycin,
only 20-23% survival rate), an important modifiable factor in sepsis
J

Table 3. Risk factors for oll=cause 14 and 28 day mortolity of patients
with VREfm bacteraernia by multivariate anolysis

OR P value 95% CI
Adda s mart ot o
received appropriate treatment 0.31 0,037 010-096
received immunosuppressant agents 6.66 <0.001 2.30~19.32
UG LHURSONT COTHOTDIGNTY WGV .45 \S A" T2] LVT=1.970%
septic shock 12.87 <0,001 3.79-46,69
ST414 strain 0.24 0.044 0.06-~0.96
28 day mortality®
longer prior hospital stay 1.02 0.015 1.00-1.04
thrombocytopenia 3.23 0,007 1.39-7.54
septic shock 9.08 «<0.001 3.64-22.65

“Goodness of fit for 14 day mortolity: devionce goodness-of-fit test
P=0.5985 =>0.05 (df=55); Pearson goodness-of-fit test P=0.4728
=0.05 (df=55); Hosmer and Lemeshow goodness-of-fit test
Pw0.6611 0,05 (df=8)

“Goodness of fit for 28 doy mortality: deviance goodness-of-fit test

P=0.3543 =>0.05 (df=115); Pearson goodness-of-fit test P=0.2531
=005 (df=115); Hosmer and Lemeshow goodness-of-fit test
P=0.6749 =005 (df=8)

Vancomycin resistance rate (%) (line)



Case 5: An 85-year-old elderly patient, with underlying GIST and chronic
kidney disease (stage 3), was admitted to MICU in May 2026 because of AMI
involving RCA. Then MRSA pneumonia developed with improvement later, but:
recurrent clinical deterioration since 6/18 .....

L|nezoI|d pip/tazo tx

2026-6-17
(6/18) WBC 13840/mm?3, Seg 66%, band 15%, & meta 4%

Although his MRSA pneumonia improved after appropriate therapy, his urine culture grew C.
albicans, and bronchoscopy washing fluid culture also grew C. albicans. >>> His blood culture on

6/18 11am also grew Candida albicans. [PCT] (on 6/12, stable): 2.03 ng/mL, & (6/18): 5.34 ng/mL ().
33
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Risk factors for [laVEE = @=gleils s

Blue: surgery. Red: Medical aspect Erom: IDSA 2016 Guidelines

Necrotizing Hemodialysis Use of CVCs Total parenteral nutrit
pancreatitis (TPN) infusion

Stages of Beeast Cancer

Immunosuppressed Multifocal Long-term Exposure to Recent

hosts Candida hospital ESCs, carbapenem abdominal
colonizations surgery
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Intra-abdominal Candidiasis (IAC): The Importance of Early Source
Control, and start Antifungal Treatment riosone 2016;11:c0153247 Vergidis P et al

Table 5. Predictors of 100-day mortality for subjects with IAC [stemming from Gl tract sources.

Parameter Non-survivors Survivors Univariate OR Univariate P Multivariate OR Multivariate P
(n = 26) (n=77) (95% Cl) value (95% Cl) value
Age, median (interquartile 68 (58-77) 58 (46-68) 1.04 (1.01-1.08) 0.01 1.04 (1.01-1.08) 0.018
range)
Male 15 (58) 32 (42) 1.92 (0.78-4.72) 0.16
Solid organ transplant 3(12) 4 (5) 2.38 (0.50-11.43) 0.28
Obesity (BMI >30) 11 (42) 18 (23) 21.84 (0.67-5.02) 0.07
Healthcare-associated 20 (77) 61 (79) 0.87 (0.30-2.54) 0.81
disease
APACHEII score 17 (7-27) 16 (5—29) 1.04 (0.94-1.14) 0.47
Septic shock 6 (23) 11 (14) 1.8 (0.59-5.48) 0.30
i 19.(73) 51 (66) 1.38(052-371) 0.52
Presence of abscess 11 (42) 48 (62) 0.44 (0.18-1.09) 0.08 0.36 (0.13-0.96) 0.042 ]
o 1o 02) o v £ 7 B e o Vv ) U220
C. glabrata infection 7 (27) 23 (30) 0.86 (0.32-2.34) 0.78
3/76 (4%) 019 3157 (5) 0.57
Surgicarl intervention 19 (73) 50 (65) 1.47 (0.55-3.92) 0.45
Surgical intervention (within 15 (58) 42 (55) 1.55 (0.63-3.81) 0.78
5d)
Source control intervention 17 (65) 63 (82) 0.49 (0.20-1.22) 0.09
- (within 5d)
Antifungal treatment (within 13 (50) 56 (73) 0.38 (0.15-0.94) 0.04 0.36 (0.13-0.96) 0.042
5d)
=infectious disease 6 (23) 28 (36) 0.53 (0.19-1.46) 0.22
consultation
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The most relevant diagnostic tests, for [[ANZEN/E

(IC)/infection

J Hosp Infect 2017 (Review) Oleary RAetal; & NEJM 2015 (Review)

Diagnostic test

Advantages

Limitations

Culture Gold standard # Results take time
But: required for anti-fungal susceptibility # Some infecting organisms do not grow on
testing (sensitivity, 21-71%) cultures
# Insensitive, may identify only 50% of all
patients with IC
Histology Also gold standard # Invasive procedure(s)

Broad categories of potential pathogens can
be differentiated

# Sensitivity depends on proper sample
collection

# It has limited specificity to identify genus and
sgecies level

Antigen detection:
(1,3)-B-D-glucan

BAL, CSF, also for
Aspergillus spp.)

Serial surveillance of at-risk patients may help
early identification of IC, and start pre-
emptive therapy (except for hematologic
malignancy patients in whom false-positive
results are common); sensitivity, 65-100%,
specificity, 31-79%, dependent on cutoff level,
numbers of (+) samples.

May be used for monitoring response to
therapy.

/# But: non-specific, pan-fungal screening test. m
fact, BDG is a cell wall constituent of Candida
spp., Aspergillus spp., Pneumocystis jirovecil and
several other fungi.

# Repeated positive results are required for dx.
# False —positive tests, could be seen in : certain
hemodialysis membranes, IVIG, Augmentin®
therapy, fresh frozen plasma (FFP), or surgical

f

\ gauze product use, GNB (>> GPC)-BSI, etc
N (E. coli, P. aeruginosa >> S. aureus)
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.. 2023 Nov 8;10(11):0fad538.
Open Forum Infectious Diseases

DSA

Infectious Diseases Society of America  hiv medicine associotion OXFORD

Stewardship-Guided T2Candida Testing Shortens Time

to Antifungal Treatment and Reduces

Antifungal Usage

Among Medical Intensive Care Unit Patients With (14% with Candida score >3)
Septic Shock Open Forum Infect Dis 2023 Nov 8;10(11):0fad538 O'Donnell M et al

Table 3. Diagnostic Performance of T2Candida for Proven and Probable
Ic*

Table 4. Outcomes of Patients With Positive T2Candida Versus Blood
Cultures

Performance Characteristics Proven IC Proven and Probable IC

Sensitivity, % 71.4 77.8

L;;ecifucity, % 93.9 95.2
. ;) 13—

LR 0.3 0.23

Prevalence, % 45 5.8

ppy 9
NPV, %

Abbreviations: LR', positive likelihood ratio; LR™, negative |
predictive value; PPV, positive predictive value

“Assumes probable IC casas to be true positivas that were missed by blood culture

T2Candida is a US FDA-approved, direct from
blood test for candidemia that amplifies Candida
nucleic acid and detects amplicons with magnetic
resonance. It detects 5 major Candida species (C
albicans, C tropicalis, C glabrata, C krusei, & C
parapsilosis) within 5 hours.

T2Candida Positive BCx Positive P-
(n=14) (n=14) value

16.7 (7.5-19) 56 (34-80) <.0001

Qutcome

Time to detection of
candidemia, h

Time to antifungal therapy, h 5.6 (-5.8 to 8)" 60 (41-84) <.0001

Time to source control, h 9 (-2 to 40) 76 (11-106) 151

Length of hospital stay, d 15.5 (8-29) 16 (10-39) 659
In-hospital mortality 9 (64) 6 (43) 450
30-d mortality 10 (71) 6 (43) 252

Continuous and discrete variables are expressed as median (interquartile rangel and
No. (%), respectively.

Abbreviation: BCx, blood culture.

*Four patients in the T2Candida-positive cohort were started on antifungals pror to
T2Candida collection due to the test being requested after operating hours; all 4
received <14 hours of antifungal before invasive candidiasis diagnosis. Time to
antifungal treatment was negative in these patients.

“Source control was defined as removal of any preexisting central venous catheter or
documented surgical or radiologic procedure to drain fiuid collections thought to be the
source of Candida infection.
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[CRP]/[PCT] in: GNB, GPC, Candidal BSI

[ E—EZHEKEMERME (n=362), 2]E—FEHK
132), 1 [3] E—ZHEMERMAE (n = 36) 5|FZHIE
& CRP 1 PCT EEWER,

{# FAKolmogorov-Smirnov test, FrAa#ERI#5E

STEE & MAE (n =
ERE, LB=#2

KU

EREE  #HF 2T ES MR

mEfﬁ MfEERE, HPAE (L« IQR) B91;& CRP JEE 7 Al & 15.75

<& 11.38 (8.03, 21.54) mg/dL, E=#8
&t (Bl: Mann-Whitney U #&E2) A& E,

J P {H » #(=>0.05 [i.e., [1] 1[2] #, [1] & [3]
. 9 5140.743,. 0.136, Ed 0.159]),

*EHEI’J %ﬂﬁﬁﬁurﬁ%‘ Ho {2 (& IQR) M;E PCT w=E, 785
20.39 (4.89, 77.37), 7.71(2.82, 28.81), % 3.18 (1 92, 11.50) ng/mL IR
FERESBEMITAELE, AHEMEE (e, [1] B [2] 48, [1] £ [3] 4,
LR [2]£Ei [3] %EZFEEJ%EE’J P{E \;%'J)% <0001 <0.001, &0019) Fir

jl/IEl CRP IJE[

I H ’ 7 ~




Take Home Message

- EEMKIZEE R MIES 0B, REERER G R
K, RAERRA, =EffMmEE PCT &"ﬂﬁrﬂﬁé
mERIFEE,; Rz, Pugh- Chlld C FikATHE(L,
B{EMRRIE

- R MESAEHKEEE, NEFEKEER
Fr5lit, M EREZFNMIE PCT REMER
MREmRIKE,

- ABRREEEXE R EERES, SIERE
GHREHEEGREENEREMSE PCT JREA[6E
$X|_.|o

- M#% PCT ;8FE, Candidal BSI: 3~5 ng/mL, &
VRE BSI: maybe 5~10 ng/mL

° JE_%TE;./E“ PCT /JE4x (2 5/% ﬁﬂjﬂi’:\ﬁﬁ“_ﬁﬁf

Eﬂiiﬁﬁ%’*ﬁﬁ\&

SARUK R HIEE.
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