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Epidemiology of sepsis in children

e Odetola FO et al. 2007

2003- 21.448 hospitalizations for severe sepsis , age 0-19 years,

« Mangia KMF et al. 2011 PlosOne

Trends 1992-2006 retrospectively, 556.093 cases of sepsis, mean mortality ;
a case reduction of 67% over 1992-2006 , the mortality rate remained unchanged
(from 1992-1996, 20.5%; and from 2002-2006, 19.7%).

 Inwald DP et al. 2009, Arch Dis Child., Emergency management of
children with severe sepsis in the United Kingdom: the results of the Paediatric
Intensive Care Society sepsis audit.

200 children accepted for PICU admission with a discharge diagnosis of sepsis or
suspected sepsis, 34/200 children died

overall fluid and inotrope management suggested by the 2002 ACCM-PALS guideline
was not followed in 62% of shocked children




Sepsis — critical factor in diagnostics is time
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Kumar A et al 2006

Each hour of delay in antimicrobial administration over the ensuing 6 hrs was
associated with an average decrease in survival of 7.6%. Median time to effective
antimicrobial therapy was 6 hrs (25-75th percentile, 2.0-15.0 hrs). Only 50% of
septic shock patients received effective antimicrobial therapy within 6 hrs of
documented hypotension.
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Molecular assays In neonatal sepsis

Venkantesh M et al: Molecular microbiological methods
in the diagnosis of neonatal sepsis, 2010

cohort of 6093 extremely low birthweight infants (ELBW, birthweight
<1000 g

the sensitivity of molecular methods used to diagnose sepsis ranged
from 41.1 to 100%, and specificity from 77.2 to 100%.

The most widely studied method was broad-range PCR targeting
sequences within the 16S rRNA gene

The sensitivity of PCR improved with preamplification culture of
samples for 5 h

sensitivity was low (50%) in the only study that evaluated multiplex
PCR targeting eight pathogens




Molecular techniques

Hybridization

* FISH (" luorescence 'n “itu " ybridization) techniques — genus a species
Gescher et al. 2008 , FISH probes were genus specific and species
specific (from BC
specimens)

Kudo M et al: 2009: 60 pacients with suspected sepsis (BC)

* PNA —FISH technics (peptide nucleic acid) with synthetic oligomers
Forrest GN, Roghmann MC, Toombs LS, et al. Peptide nucleic acid
fluorescent in situ hybridization for hospital-acquired enterococcal
bacteremia: delivering earlier effective antimicrobial therapy. Antimicrob
Agents Chemother 2008;52(10):3558-3563.




Fluorescence In Situ Hybridization

Figure 2. Peptide nucleic acid FISH. (A) A mixed culture of Escherichia coli and Pseudomonas aeruginosa was fixed to the slide and
hybridized with the E. coli/P. aeruginosa probes. E. coli appears green and P. aeruginosa red. (B) A mixed culture of Staphylococcus
aureus and Staphylococcus epidermidis was fixed to the slide and hybridized with specific PNA FISH probes. S. aureus appears green and
S. epidermidis red. (C) A mixed culture of Candida albicans, Candida tropicalis and Candida glabrata was fixed to the slide and Yeast
Traffic Light probe was applied. C. albicans appears green, C. tropicalis yellow and C. glabrata red.

PNA FISH images were supplied by AdvanDx, MA, USA.




Table 1. Neonatal studies using molecular methods for the diagnosis of sepsis.

Laforgia et af.
(1997)
lordan and
Durso (2000)

Shang et al.
(2001}

Villaneuva-Uy
et al, (2003)
Tong et a.
(2004)
Jordan and
Durso (2005)

Yadav et al.
(2005)

Makhoul et al.

(2005)

Makhoul et al.

(2006)
Jordan et al
(2006)

Wu et al.
(2008)

Enomoto
etal (2009)

Reier-Nielsen
et al (2009)

MNeonates

Meonates

MNeonates

MNeonates
with LOS

MNeonates

Neonates

Meonates

MNeonates
with LOS
MNeonates
with LOS

Mear term
infants
(=34 weeks)

MNeonates

Newborn
(23-4
weeks GA)
Newborn
(Bwt

=1000 g and
=7 days)

Blood (n = 33)

Blood (n = 548)

Blood (22) and CSF (4)
30 healthy children were
controls

Blood (n = 61)

Blood (n = 285)

Blood (n = 86)

Blood (n = 100)

Blood (n = 215)

Blood (n = 148)

Blood (n = 1233)

Blood (n = 600)

Blood, CSF, urine, BAL, skin,
ascites, pharyngeal mucus
{(h=130)

Blood (n = 48)

Broad-range conventional PCR

Broad-range conventional PCR and
DNA dot blot analysis after 5 h
preamplification culture

Broad-range PCR followed by reverse
hybridization with Gram-specific

Broad-range 165 rRNA
conventional PCR

165 rRMA-based PCR followed by
hybridization to chips with 18 probes

Real-time 165 rRNA PCR

Broad-range 165 rRMA PCR

Staphylococcal 165 rRMNA PCR (both
Staphylococcus aureus and CONS)
Staphylococcal 165 rRNA PCR

{both 5. aureus and CONS)
Conventional PCR based on 165 rRNA
assay followed by pyrosequencing

Real-time PCR with Gram-specific
probes followed by sequencing

Multiplex PCR targeting eight
pathogens

Broad-range 165 rRNA PCR followed
by sequencing of PCR products

Rapid
detection

Rapid
detection

Rapid
detectian
i

<4

Rapid
detection

~3

Rapid
detection

Small sample
size

Test indices not
reported

Only abstract

Did not detect
Haemaophilus
influenzae or
enterococci
Low sensitivity

Low sensitivity

Low sensitivity

Low sensitivity

Low sensitivity
and PPV

BAL: Bronchoalveolar lavage; Bwt: Birthweight; CONS: Coagulase-negative staphylococci; C5F: Cerebrospinal fluid; FQ: Fluorescence quantitative; GA: Gestational age; ITS: Internal transcribed spacer regions;
LOS; Late-onset sepsis; NICU: Neonatal intensive-care unit; NPV: Negative predictive value; PICL: Pediatric intensive care unit; PPV: Positive predictive value; SEN: Sensitivity; SPEC: Specificity




PCR and invasive candidiasis

Avni T 2011: PCR Diagnosis of Invasive Candidiasis:
Systematic Review and Meta-Analysis

Were included with 4,694 patients, 963 of whom had
proven/probable or possible IC.

Perfect (100%) sensitivity and specificity for PCR in whole-blood
samples was observed when patients with cases had candidemia
and controls were healthy people

When PCR was performed to evaluate patients with suspected
invasive candidiasis, the pooled sensitivity for the diagnosis of
candidemia was 0.95 (confidence interval, 0.88 to 0.98) and the
pooled specificity was 0.92




PCR and viral infections

Van de Pol AC 2006: Diagnostic value of real-time polymerase chain
reaction to detect viruses in young children admitted to the paediatric
intensive care unit with lower respiratory tract infection

Table 1

Demographic and clinical characteristics of children with lower
respiratory tract infection on admission to the PICU Viruses ldentiflad by conventional methods and real-time PCR

Characteristic Value Pathogen Wiral culture (n =21} Imrmuncflucrescence (n=22) Reaktime PCR (0 =23)

Demographics
Age, median months (range) 2.6 (0.5-26.5)
Male 10 (43%)

Admissions from outside 20 (B75%)
hospital

RSV A/B 161(9)
Influenzavins A/B 31
Rhingvinizss B12)
Adenovinuzes

Comnavine OC43, 220E, WLe3

hMFY

PIV 173

Underlying conditions
Preterm birth (<37 weeks) 11 (48%)
Underying disease 11 (48%)
Pulmaonary 3

Cardiac 4 PV 274

Other 5 Cihfamydia pneumaniae
Severnity Mycoplasma pheumaonias

ICU stay (days; median [range]) 10 (2-33) Incktzminate 4

Mechanically ventilated at PICU 20 (87%) Total positive

Deaths due to LRTI 1

Mumbzers in paranthesse indicate singls infactions. ¥Singls infections. hMPY, human matapreunovius; PCR, polymarazsa chain raaction; PIV,

A total of 23 patients were included in the study. LRTI, lower parainfluerzavirus; RSV, reepiratory symncytial vius.
respiratory tract infection; PICU, paediatric intensive care unit.




PCR and viral infections

» A total of 23 patients were included, of whom 11 (48%) were
positive for a respiratory virus by conventional methods. Real-time
PCR confirmed all of these positive results. In addition, real-time
PCR identified 22 more viruses in 11patients, yielding a total of 22
(96%) patients with a positive sample. More than one virus was
detected in eight (35%) children.

« Real-time PCR for respiratory viruses was found to be a sensitive
and reliable method in PICU patients with lower respiratory tract
infection,




Table 4. Asseciations bebwesn immunosuppressive agents and specific infections

Agdent

Mechanism of Action

Infection

Corticostercids

Calcineurin inhikbitars
{Cyclesporine A,
Tacralirnus)

Siralirnus
{ FRparrsin
Cyclophocsphamide

Azathicprine

Methotrexate

Anti-THF agents
{etanercept,
inflixirmab)

Anti-C02S antibodies
{daclizurnab,
basiliximak)

Purine analogues (2-

chlorodemyadencsine,

fludarabing)
Alermtuzurmab
{campath)

Multiple on neutrophils and
macrephages (inhikiting
phagecptosis), T cells and antigen
presenting cells

Cyclosporing binds to cyclophilin:
tacrolirmus binds to FEKBP1Z: for
hath, this results in inhikditicn of
calcineurin and inhibiticn of
interleukin 2 gdene transcription

Inhibits lyrnphocyte proliferati on

As imrmunarmedulator, inhikits
lyrnphocete proliferation

As imrmunamedulator, inhikits
lemphocyte proliferation

Antilymphoproliferative agent (purine
synithesis inhibiticn)

As imrmunarmedulator, inhikits
lymphocyte proliferation

Infliximmah is a chimeric antibady

against human THF-c, and it can fix

complement and lyse tardet cells;
etanercept is a medified soluble
THF-= receptor

Elocks the high-affinity interleukin-2
receplor
Inhibkiticn of DMA senthesis

anti-CE2, targets T and B
lymphocytes, monocytes

EBacterial infecticn most common;
herpes virus, fungal infections
[Cerrraiecfar, AspesgniBers,
Crppfococons Preusmocys i), and
Sitrengurioides superinfection well
daocurnented

No specific assaciation with severe
infection

Passible decrease in CHY compared
with opclesporineg

Bacterial complications of
neutropenia, herpes goster

Bacterial complications of
neutropenia

Increased incidence of CHY disease,
Ly

Histoplasmosis, Listeria,
Preurmocystis

Bacteremia. Ldsfesfa, Tuberculosis,
cryplococossis, aspergill osis, TR

Mo increase in bacterial, fungal or
wiral infections.

Crgpiococcus, Lisferie, Herpesvinus

Respiratary wirus, adenovims, CMY

O increased risk with == 10 g of
prediiscne aquivalent per day or
SIT00 g cumnulative:
Asperdillosis risk after allcgdeneic
BMT increaszes with =1 mgkg
pegdnisene equivalent for =1 3
rebeaporing and a (TN ITES

alone is difficult o quantitate,
but they seern to he associabed
with the srmallest risk of
infection from all these agents

e study reported increased risk
of invasive aspergillosis

Ho difference in infection rate
brtween methotrexate with
azathioprine in rheurratoid

Ho increase in bacterial or fungal
infections less frequency of
Prrevareocystds [Husain, 2002

rr=tretiic sk

cormmon spportunistic imfection
associated with low-dose
methotrooate

Maost cases of severe infection
reported with inflixirnab; besides
the risk of infections, the lck of
signs and symptoms of infections
until they are very advanced has
bzen a consistent feabure of the
descriptions

Cezlayed wound healing describe<d
b i facturer

Used in hematclogic malignanci es
that carry their owmn
ImmuncsL ppression

Reactivation of CMY is cormrmon:
CMY disease is rare except in the
setting of allegeneic HECT

BMT, alledeneic bone marrow transplantation: CHY, chorcidal necvascularizaticn; CHY, cetomegalovinus; VIV, varcellazoster viruss THE, turmor
necrosis factor; HSCT, hernopoietic stem cell transplantation (see Refs. 1-30).




The late phase of sepsis — different
diagnostics and different therapy

Otto GP et al: 2011: The late phase of sepsis is characterized by
an increased microbiological burden and death rate

In a retrospective trial, 16,041 patient charts from a university
intensive care unit were screened, and 999 patients with severe
sepsis or septic shock were identified.

Three phases were established: phase | (days 1 to 5), phase |l
(days 6 to 15) and phase Il (days 16 to 150).

Out of 999 enrolled patients, 308 died during the course of sepsis
presenting a characteristic mortality rate (30.8%) with three distinct
mortality peaks (at days 2, 7 and 17).

Overall 36.7% of all deaths occurred in the early phase (phase )
and 63.3% during the later phases (phase Il + IlI).
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Figure 1 Distribution of non survivors and positive blood cultures during sepsis. Relative numbers of deaths per day from 999 patients
with severs sepsis or septic shock according to ACCP/SCCM criteria are shown from the day of onset/diagnosis until observation Day 36. Three
phases were defined, characterized by the nadir at Day 5 and Day 15 Also, the average rates of positive blood cultures without CNS in a five-
day period with respect to sampling times are shown. be, blood cultures; CN5, Caagulase negative staphylococci #, numbers; %, relative number.

>,




Table 3 Epidemiology of isolated microorganisms

microorganisms phase | phase Il

number of positive be without TS, # 26 143 ') o0
typically opportunistic bacteria (TOB), % (#) 2] .13:

Candida spp. overall, % (#) ) :1?.:

pathogenic bacteria, % (#) (23) 7R3 (M2) 51.2{29) 522 (47)
M5 550, overall, # 28 52 53 !

Isolated microorganisms from blood cultures of patients with severe sepsis or septic shock are demonstrated. The absolute as well as relative numbers are given
in dependency of defined phases. Others include all other isolated pathogen and presented separately in the online supplement (Additional file 1: Table 510 CHS
are also presented bt excduded from relative analyses. CNS, Coagulase negative staphylococci be, blood cultures; #, indicates statistically significant difference
compared to phase | [P = 0.05 ¢ test); §, indicates statistically significant difference compared to phase 0 and phase | (P = 005 3~ test).

Table 2 Characteristics of phase-dependent outcome and microbiological diagnosis

phases in relation to diagnosis phase 0 phase | phase Il phase 1l

days prior 1o diagnasis or during sepsis Lay -10 to Day -1 Day 1 to Day 5 Jay & o Day 15 Lay 16 ta Day 150
# of patients alive at onset of phase, # Qoo oo 791

# of mon sursivars during phase, # 113 EL 100
relative # of non sundvors wit all mon sursivors, # (2%6) 367 (113/308) 308 (25/308) 325 (100 308)
relative numbers of non survivors during phase, # (%) 113 (113,/995) Q.7 [95/886) 2.6 (100/791)

# of drawn bo during phase, # 50 2 g4
relative % of bc per patient alive, # (%) 250 (250,999 52 (461/8858)5 652 (5245791)5

# of all positive bo during phase, # : 96 145
relative # of positive be during phase, # (%) 96 (49/250) 08 (96/461) 279 (146/524)0"

# of positive bo without CHNS during phase, # 20

relative # of positive be without CNS during phase, # (% S5 (245250} 153 [BO/ 524"

Outcome of patients enrclled (0 = 599} with severe sepsis or septic shock is shown cormes ponding to the disting phases as defined in Figure 1, starting with
phase 0 induding a pericd of 10 days pricr to diagnosis of sepsis up to the end of phase Il at Day 150, Also, the absolute numbers of drawn blood culture
samples, the rate of blood culture samples per number of patients, the rate of all positive blood cultures (including CHS) and the rate of positive bloocd cultures
without NS are presented. CNS, Coagulase negative staphylococd; §, indicates statistically significant difference between all phases (P = 005; 57 test); =,
indicates statistically significant difference compared to phase 0 and Il (P = 0.05; * testl; & absolute numbers; %, relative number; be, blood cultures; wrt, with
resped to.




Summary

« Targets groups of patients

« The time of sepsis — early phase, late phase

« Analyte — blood, BAL, cerebrospinal fluid
tissue




Summary

Molecular methods may offer advantages over blood cultures
in the diagnosis of sepsis.

Molecular assays are rapid and require small sample volumes.

Molecular assays may be automated, enabling high
throughput, and reduce microbiological workload compared
with blood cultures.

Molecular methods may evaluate virulence and antibiotic
resistance markers that may inform antibiotic therapy.

Positive results of more sensitive molecular methods
(detection of pathogen DNA) in the face of a negative blood
culture (absence of viable organisms) need to be interpreted
carefully in a clinical setting.




Summary

 False-negative results from molecular assays may be due to
inefficient DNA extraction, presence of low levels of pathogen
DNA or the presence of inhibitors.

 High negative predictive values of a diagnostic test may be
clinically useful in ruling out sepsis and avoiding unnecessary
antibiotics.

 Costs, availability of equipment and technical skills in the
microbiological laboratory are important considerations.

 Cost-effectiveness of the newer molecular assays should be
established before widespread acceptance in clinical practice.
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