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INFECTION IN NEONATES AND INFANTS:
EPIDEMIOLOGY ASPECTS

(INFEKSI PADA NEONATUS DAN BAYI: ASPEK
EPIDEMIOLOGI)

Risa Etika, Agus H, Martono TU, Dina A, Kartika DH, Mahendra TAS

Divisi Neonatologi
Dept/SMF llmu Kesehatan Anak
FK Universitas Airlangga - RSUD Dr. Soetomo Surabaya

ABSTRACT

Neonatal infection is a one of the major cause of death and morbidity,
especially in the first week of their life. So it is important to know about
epidemiology aspects of neonatal infection and prevent neonatal sepsis by
early diagnosis of Early Onset Sepsis (EOS) and managed this condition, as the
first golden hours in neonatal infection.

The challenges for clinicians are three fold: (1) identifying neonates with
a high likelihood of sepsis promptly and initiating antimicrobial therapy; (2)
distinguishing “high risk” healthy-appearing infants or infants with clinical
signs who do not require treatment; and (3) discontinuing antimicrobial
therapy once sepsis is deemed unlikely.

The optimal treatment of infants with suspected EOS is broad-spectrum
antimicrobial agents (ampicillin and aminoglycoside). Once the pathogen
is identified, antimicrobial therapy should be narrowed (unless synergism is
needed). Antimicrobial therapy should be discontinued at 48 hours in clinical
situations in which the probability of sepsis is low.

Keyword: Infection in neonates and infants, epidemiology aspects.
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INTRODUCT ION | : |
infection is a major cause of death in newborn infants.

sepsis” is one of the most common diagnoses made in the NICU,S::WW |
the signs of sepsis are non specific, and inﬂamma_tpryl SV"d'"Omeé 6:.‘! L
infectious origin mimic those of neonatal sepsis. EOS in NeOREtas conﬁn on
to be a serious and feared complication. ™ Ntinueg

Early Onset Sepsis (EOS) from. group B-Streptococcys (GBS) 4
decreased with the widespread use of Intrapartum Antibiotic PT_Oph;| a:::
(IAP), which has led to,declines.in the overall incidence of EQs aangtqm, |
and late preterm, infants. The Centers for Disease Control and l?revgm,pn
(CDC), 2002 (and: revised 2010), Guidelines, for. the, prevention, of: neonay)
Gas disease. provide algorithms for the evaluation of infants at risk o,
EOS. Estimating the probability, of- neonatal EOS on the basis of: mat.!;méj-.-
risk factors better than algorithms. based; on risk-factor, threshold valyes
This model establishes, a, prior. probability. for newborn sepsis, which, could
be. combined, with, neonatal; physical; examination, and Iaboratory, values to
establish,a prior. probability to guide: treatment decisions, ‘

The challenges for clinicians.are three fold: (1) identifying neonates with
a high, likelihood of sepsis, promptly, and;initiating antimicrobial therapy; (2)
distinguishing, “high. risk” healthy-appearing, infants. or. infants, with, clinical
signs; who. do, not: require. treatment;, and; (3): discontinuing: antimigrobial
therapy,once sepsis.is.deemeduplikely,*2* "

The. purpose; of: this paper. is. encourage. all; of; us. to. know. about
s 'qsm‘a"@'""""f‘-"'ﬁ"*«tﬁ@f!‘“ﬁ‘iﬂ%ial.,:imﬁ@lczn:.qndaawm.,t% this: three.fold: (1)
'dentifying. neonates. with 2, high, likelihogds of: sepsis; promptly, and:initating
snimicrobial; therapy;. (2); distinguishing, “high. risk” healthy;appearig
;nl;:g;:i :gfms‘w‘h‘?'ml@l signs; who, do, not; require. treatment; and )
Hscontr h%%tlmiqﬂbl,eytqg;pﬁqu& seﬂ;‘,!s.'&dﬂmedlmllelw




EPIDEMIOLOGY ASPECTS

The incidence rate of neonatal infection in several refferral m G
in Indonesia is approximately. 8.76-30.29%, with the montality m&m
49,9%. Cipto Mangunkusumo Hospital reported at January-Se
2005, the incidence of sepsis was 13,68% with the mortality m 14.18%, i
Dr Soetomo Hospital reported that 49 from 2416 patients showed m
positive blood culture (proven bacteremia sepsis),* B

The overall incidence. of EQS in the United: States mmmmm -

is 1 to 2 cases per 1,000 Ime births; the incidence is 10 fold: higher. in VLBWY _-
infants.®

e 2. Organisms Causing Neonatal Early-onset

Enidemiology EOS;, Neo Reviews 2008;9;e571:(Puopalo; 2008).
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Epidemiology EOS, Neo Reviews 2008;9;e571 (Puopolo, 2008).°

Mikrobiology EOS & LOS

Tabel 4.}aﬂmkwniunepmyehbwpds neonatorum

(n=102)

Jenis mikroorganisme Awitan sepsis Jumbh 9%
Acinetobacter calcoaceticus 15 0 15 14,7
Seaplrylococcus epidermidis 5 2 7 6,9
Ensrrobactrr acrogenss 5 (4] 5 4,9
Prevdomonas sp 4 o 4 3,9
Eschericia cols 2 2 4 3.9
Klebsiella presumoniae 2 0 2 2
Kiebsiella sp : o 1 P
Prozens minabilis o ] 1 1
Streprococous viridans 1 0 1 7
Serzptococous anbrermolyticus 1 o 1 3
Candida trepicalis o 1 B 1
Sel ragi 0 1 1 b
Secril 4 8 59 57,8
L 8 13 102 100

Microorganism profile as the cause of neonatal sepsis in Childhealth Dept. Cipto M Hospital
Jakarta, Sari Pediatri, Vol 10, 2008 (Aminullah A, 2008).5
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OTHER ORGANISMS RESPONSIBLE FOR EOS

Although both metbhicillin-sensitive and methicillin-resistant S gureus
(MRSA) cause a large proportion of hospital acquired infection in VLBW
infants and represent an increasing issue in community-acquired pediatric
infections, they remain a rare cause of neonatal EOS. A recent study of 5,732
pregnant women documented a 3.5% incidence of MRSA in GBS rectovaginal
screening cultures but found no cases of MRSA neonatal EOS in delivered
infants. Finally, fungal organisms (primarily Candida spp) rarely cause
neonatal EOS. Fungal EOS is found largely in preterm and VLBW infants.

PATHOGENESIS AND RISK FACTOR OF EARLY ONSET SEPSIS
Before birth, the fetus optimally is maintained in a sterile environment.
Organisms causing EOS ascend from the birth canal either when the amniotic
membranes rupture or leak before or during the course of labor, resulting in
intra-amnioticinfection. Chorioamnionitis as intra-amniotic infection indicates
infection of the amniotic fluid, membranes, placenta, and/or decidua. Group
B streptococcus (GBS) can also enter the amniotic fluid through occult tears.
Chorioamnionitis is a major risk factor for neonatal sepsis. Sepsis can begin
in utero when the fetus inhales or swallows infected amniotic fluid.The
diagnosis is typically based on the presence of maternal fever of greater than
38°C (100.4°F) and at least two of the following criteria: maternal leukocytosis
(greater than 15,000 cells/mm?), maternal tachycardia {greater than 100
beats/minute), fetal tachycardia (greater than 160 beats/minute), uterine
tenderness, and/or foul odor of the amniotic fluid.**?
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‘Figure 1. Rate of sepsis according to highest maternal jnt;

ra-
temperature.’ o ,w“
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with GBS, rupture of membranes (ROM) 18 hours, and materﬁa"'-'" : Yor .-

symptoms of intra-amniotic infection.*?
The major perinatal risk factors for neonatal sepsis are listed in

Tﬂ)lc ks
COBBIIONS ..o iimom i spmensis et o R L
PROM >18 hows 1% Gy
Matemal + GBS (p‘q:mphylaxrs era) 0N 1% e
Maternal + GBS (in prophylaxis era) 0.2%-:04“‘ R
Maternal + GBS and PROM, fever or preterm 4%~7%
G!momiomus i 3%-8%
+GBS and chorioamnionitis G 6561-20%
“PROM + preterm 4%—5%
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i TESTING FOR EARLY ONSET SEPSIS
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“Aidifgie bibod cuitlrein'a suffident veilmeis i‘iuri'}é for all heonates
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UrineAC::::dmm chould not be lgm of the sepsis -warkui;;m am)iinhn
| ected EDS. sterilely acquired bladder tap?f mimtrer . SPeCimen,
wm? Sl.lS o cultures, but they are difficult to @btain iin the loy,
minimize wﬁg :ewbom 2 and there iis @ very llow yield in tthie ffipg,
:;in:ozt:; ‘;fe e i tract infections iin older iinfants (which are

usually ascending infections), uninany mract iuﬁantl?nsum ;;Ewbnm .fE. - i
attributable 1o seeding of the kidiney during an episode of bacteremin 749

r | v =% _ ;
Culturesand Gram stains of tracheal aspirate spesimens may e ofvaie

if obtained immediately after endotracheal tube ;placemnnt._ ‘Onee aniirif
has been intubated for several days, srached| agpivates are of no walue inthe

ewaIuat:it:snr.:if‘se;:nr»is.mg

Lumbar Puncture

Thedecision to performa lumibar puncture inameonate withssuspected
EOS remains controversial. The lumibar puncture should e pefformed inany
infant with a positive blood culture,iinfants whoseclinicalcoursewr laboratory
data strongly suggest bacterial sepsis, @nd linfarits whoiinitially worsenwith
antimicrobial therapy. The medianmumberof white blood cells inirifantswho
were born at greater than 34 wegks’ gestation-andhad ‘bacterialrmeningitis
was 477/mm?. With a delay in analysis (»2 hours), white blood cell countsand
glucose concentrations decrease significantly.”??

Peripheral White Blood Cell Counttaand Differential Count

Total white blood cell counts have little value in the diagmosis of E05
and have a poor positive predictive accuracy. The normal rangeifor the tota
white blood count is broad and not usefully clinically, unless it is tow (< 5,000/
mm?). Absolute Neutrophil Count/{ANC), absolute band count, and Immature
to Total neutrophil (I/T) ratio to identify infected infants. Neutropenia may
be a better marker for neonatal sepsis and has better specificity than o
elevated neutrophil count, because few conditions beSidé.s sepsis (matemiﬂ

-?MM“MWNM 2014



pregnancy-induced hypertension, asphyxia, and hemolytic disease) depress
the: meutraphil count of neonates. ANC obtained immediately after birth are
frequently normai.

Therefore if sepsis is suspected, a count obtained 6-12 hours following
birth:is:more informative.”%

Figure . Interpreting Camplete Blood Counts Shortly After Birth.*
As

="

~—a—1-48h

y O
™ 1

(Gerdes, 2004)

The lower limits of normal for neutrophil values at birth were 3,500/
mm? in infants bormat >36 weeks’ gestation, 1,800/mm? in infants born at
28 through 36 weeks’'gestation, and 500/mm? in infants born at <28 weeks’
gestation. Peak values occurred'at 6 to 8 hours after birth; the lower limits
ofnormal at that time were 7,500/mm?, 3,500/mm?, and 1,500/mm? for
infants born at >36 weeks’ gestation, 28 to 36 weeks” gestation, and <28
weeks’ gestation, respectively.”®?

The I/T ratio has the best sensitivity of any of the meutrophil indices. A
' single determination of the I/T ratio has a poor positive predictive accuracy
(approximately 25%), but a very high negative predictive accuracy (99%). The

Pediatric Infectious Diseases Weekend (PIDW) 2014



\/T ratio may be elevated in 25% to 50%,0f ‘.‘-'?'!.’.‘;fﬁﬁ.tﬁﬁt_‘Rfﬂﬂ?;_"ﬁhg;{;frmi_f_j.:-_%;l
0,22 In 96% of healthy preterm InfaNts 911,35 <34 WESHS Gestational age i

1 ; . Tls:
heaithy term infants, the 90th percentile for the I/T rati s 0,27.7%,

Despite, the frequency of low, platelet counts,in infected, infants, they,
are 3 nonspecific, insensitive, and \ate indicater, of semsis; Moreover, platejey
. A .. v i . e A t : * A 2 '3 G

counts, ars, nas, useful, ia, S, Unifdl \RERRNEE, ', ANRmigrobial agents”

because, they, often, remaln, depressed, fRf dAY5 0. WRSKS, after, 4, segsis
episode.”*?,
active protein (Acute-Phase Reactants),

CRE, i5, 3, agute;phase. reactant, RIotRIn, synthesized: by, the liver in
respanse to, and as part of, the inflammatory, response. Interleukin.6is the
m‘gl%" Y Mﬁ& t? F”"?E’%‘m %t Q%«Pf‘ along W,}tnt 'ﬂtﬁﬂ,ﬁ,&{‘vﬂ'l qul THW{
Necrosis Factor alpha (TNFa), CRP. is released, 6:8 hours, of, an, infective

process.ith,a halfife of, 24:48 hours and. then, diminishes, ayer. Yme, as.the

LUIVE

Ran Rsgles, Senaitivity mpraves (. 30%) 1 the. first determination
186l 8:12 hours, fellawing, birth, A variety, of; neniinfecious/stiess

flowing e RERRNRR QA HRIRRER, 700

pegleitenia, (PCT), .
Rsglslienin. @ RIsgulrar. ofs elcitoninl, Rredyesd, by, the, vt 28
PASEER. SIS 2. Rlalolegic, as, % the, st 26, houls, s ifR & 10
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o A e
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orognostic indicator than CRP),"#1%%, ’
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rate, diagnostic value, o5&
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cut off Valties fdr each evaluation firhe b‘oﬁ\*t B@V‘bnd the ?‘Il“s‘t% lf\ of iffé
PCT sbnsmwty and specuﬁcfw were gréater thzin those of CRP or m"’%‘ﬁan 6
(IL-E) if different cut-off points at Sirth anast2a’h a?ld 48 h bf i life Were ( used.
Some studies have shown that PC’T is more reiﬁlbl‘e than CRP asa fe’s't%r the
dlagnOSIs OT Eariv dnset neonatal Sepsls,‘but oth‘ér Studies hﬁve nB‘t fo ?1& anv

Y*\w

%dvan‘tage of PCT' over CRP. The sensmvlfy and Speaﬂcﬁty values acdording to

......

specific cut-off’pblnts for each eVaIdatloﬁ point over the first 48 h tr);f‘h‘fe are

within the range of 57-100% sensn‘twuty and 50-1100% specu?lc:‘ty previousl
reported for thresholds ranging between 0.5 and 100 ng/ mL. 7891213

Figure 4. ROC cuwes ROC curves of PCT at b|r‘th and at 12—24 hand
36-48 h of life for the diﬁgﬁbsis of heonatal sepsis of vertical
transmission (Séstre, ‘2010)

e e et T ;
. e ey .'l: f""rr-{ |
D T s ﬂbh;ﬁ:‘_f—_/—_f—
0.8 =
08 -
0.4 44
02 -
00 - _
0.0 0.2 04 0.6 0.8 1.0
1 - Spedificity
—— Birth ---~ 1224 h —— 3648 h

Pediatric Infectioiss Diseases Weekend (PIDW) 2014 .'




ES
CYTOKINES AND CHEMOKIN
‘Early warning’ markers e.g., -6, 1L-8, TNF-a that rise in in

with early and Late-Onset Sepsis. Levels can be elevated in non-infaes
conditions (e.g. asphyxia, RDS & TTN). Interleukin-6 has high Sensitivity P
tive predictive value (93-100%) with early-onset sepg;e b

100%) and nega -
non-infectious conditions can elevate values. Interleukin-8 is more SeNsitive

but less specific marker than CRP (rises earlier than CRP).”#311

Figure 5. Diagnostic value of cytokines and C-reactive protein in the first
24 hours of neonatal sepsis."

(Laborada, 2003)

CD11b and CD64 appear to be the most promising. CD11b (Mac-1, CR3)
is the @ subunit of the B2-integrin adhesion molecule involved in neutrophil
adhesion, diapedesis and phagocytosis. CD11 is detectable within 5 minutes
of exposure to bacteria or bacterial products and better diagnostic accuracy
for Early-Onset Sepsis than Late-Onset Sepsis. CD64 (FcyR1) is a high affinity
antibody receptor on the surface of neutrophils which interacts with thé

18 IS ctious Di
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Fc portion of the immunoglobulin molecule. CD64 is a sensitive diagnostic
marker for early and late onset neonatal sepsis, but processing time for CD64

is long.”?

TREATMENT OF NEONATES WITH SUSPECTED EARLY ONSET SEPSIS

Rational choice of antibiotics for the infant with presumed infection
requires review of antibiotic susceptibility of the predominant organisms
that cause disease at the local level. Treatment of the infected infant must
be based on antibiotic susceptibility of the infecting organism and clinical
outcome. Ampicillin and gentamicin continue to be the recommended
empiric antibiotics for the infant at riskfor EQS. All GBS isolates tested were
sensitive to ampicillin and 96% of E coli isolates tested were sensitive to
gentamicin, 1012141516

Third-generation cephalasporins (e.g. cefotaxime) represent a reasonable
alternative to an aminoglycoside. However, several studies have reported
rapid development of resistance when cefotaxime has been used routinely
for the treatment of Early-Onset neonatal Sepsis, and extensive/prolonged
use of third-generation cephalosporins is a risk factor for invasive candidiasis.
Ceftriaxone is contraindicated in neonates because it is highly protein bound
and may displace bilirubin, leading to a risk of kernicterus.'® 2141516

The duration of antimicrobial therapy in infants with negative bload
cultures is controversial. When considering the duration of therapy in infants
with negative blood cultures, the decision should include consideration
of the clinical course as well as the risks associated with longer courses of
antimicrobial agents. Antibiotics therapy should be stopped by 48 haurs if
the cultures are negative and the infant remains asymptomatic. Antibiotics
should be continued for 7 days in any critically ill infant. Prolonged empirical
therapy with antibiotics (25 days) in the first few days of life was assaciated
with increased mortality, Necrotizing Enterocolitis (NEC) or the combined
outcome of death and NEC.'%1214.15.16
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RATEGIES FOR EARLY ONSET SEPSIS,

TION ST
PREVENT ntion_proven to decrease. the inciden nce of

rve
The only inte
treatment with in
neonatal sepsis is maternal tre2 trapartym int

ts for the prevention of GBS, infections, 'ntrap g%.
e mdncated for the following situations: i
tal cultures or molecular test at admISSIon for GB§ (

0, have a cesarean dellyery w:thout |abor or memb mk
fane

o -ﬂ«u,

annmlcrobla
1, Positiye? antena
for women wh

rupture),
2. Unknown maternal,, colonization, status,_ with, gestation «<Wiea

3 LA

rupg\qre of membraneg >18 hours, or. temperature >100. 4'F (>38' k;
GB§bacter|una during ! the current pregnancy;
a, Previous | infant wuth,mvaswe GBS disease.. 10,12,14,15,16

ALGORTHMS . FOR DlA@NQSP,xANDeM&MGEMw OF, E”’%W
%
. Identifying Neonates. With, Clinical_Signs of Sepsis With.a_“High
Wd” of Early Onset Sepsis Who Ban.qll’e Am;!mmbgl,@m
Soon Aﬂ:er Birth.

Most mfants with Early-Onset Sepsqs gx.hlblt abnormal signs.in m
first 24 hours of llfe, Approxlmg,tely 1% of mfants wull appear healmy at.
birth and then develop Signs. ! of ;nfegthn after a variable time peqod
Every crmcallv ill mfant shoulcl;‘be evaluated and receive empmcal
broad-spectrum antu;mcrobsal theglapy aﬂer cultures, evgnwnemthae
are no obvious risk fa;tqrs for se&;. The 6—hqur wmqlgw shauld not.
be consudered absolute,, howegg;;ri most mfants without. Jinfection.
de;nonstrate some |mprovemepggvg|%that time PeflOd Any qu‘?’“‘#
of the infant’s condltaen should, prompt. starting.. anttmns:robiahasﬂl!“
aftg; cultures have been obtameq 10121900,

e ézi{"neogfﬂs r:‘m?)w‘? 30‘14 %




2. Identifying Healthy-Appearing Necnates With a “High Likelihood”™
of Farly-Onset Sepsis Who Require Antimicrobial Agents Soon After:
Birth.

This category includes infants with 1 of ‘the risk’ factors fary
sepsis noted previously (colonization with GBS, prolonged rupture ofs
membranes >18 ‘hours; or maternal choricamnionitis), GBS is netiaa
risk factor if the mother has received adequate intrapartum therapyy
(penicillin, ampicillin, or cefazolin for at least 4 hours before delivery)one
has a cesarean delivery with intact membranes in the absence of laboor,
The decision of whether-to treat.a high-risk infant depends on-the riskk
factors present, the frequency of observations, and gestational-age. Thee
threshold for initiating antimicrobial treatment generally decreases witha
increasing numbers of risk factars for infection and greater degrees off
prematurity, 012241516

Figure 6. Evaluation of asymptomaticinfants < 37 weeks’ gestation with !
risk factors for sepsis.’

Risk Factors

il
I
|
g
\I’ 2
¥

Lumbar. receired antiblolics during anfibloties
(Polin, 2012)
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Figure 7. Evaluation of asymptomatic infants 2 37 weeks’ gestation with

risk factors for sepsis.’

Risk Factors

(Polin, 2012)

Figure 8. Evaluation of asymptomatic infants 237 weeks’ gestation with
risk factors for sepsis (no chorioamnionitis).

Factors maﬂnostlc Tests Antibioti

(Polin, 2012)
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CDC 2010 revises the algorithm for secondary prevention of early-onset
group B streptococcus (GBS) disease among newborns. Diagnostic evaluation
including (+/-empiric antibiotics) for symptomatic infants, maternal
chorioamnionitis and in adequate IAP combined with other risk factors. The
following are key components of the neonatal management algorithm:

1. Any newborn with signs of sepsis should receive a full diagnostic
evaluation and receive antibiotic therapy pending the resuits of the
evaluation.

The evaluation should include a blood culture; a CBC including
white blood cell differential and platelet count; a chest radiograph if
any abnormai respiratory signs are present; and a lumbar puncture if
the newborn is stable enough to tolerate the procedure and sepsis is
suspected_lo,ll,ll,ls.ls

2. Well-appearing newborns whose mothers had
chorioamnionitis should undergo a limited evaluation and receive
antibiotic therapy pending culture results. The evaluation should include
a blood culture and a CBC including white blood cell dif-ferential and
platelet count. Consultation with obstetric providers to assess whether
chorioamnionitis was suspected is important to determine neonatal
management. 10114153

3.  Well-appearing infants of any gestational age whose mother received
adequate intrapartum GBS prophylaxis (24 hours of penicillin, ampicillin,
or cefazolin before delivery) should be observed for 248 hours, and no
routine diagnostic testing is recommended.'%!*14131¢

suspected
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(Schrag, 2010)

SUMMARY

Early Onset Sepsis (EOS) remains life-threatening but increasingly rare
disease of newborns. Microbiology among term infants still dominated by
GBS and other gram-positive pathogens. Gestational age, maternal fever,
duration of ROM and use of intrapartum antibiotics remain strong predictors
as risk factors of EOS among both term and preterm infants.

There are no ideal tests for the diagnosis of early or late-onset neonatal
sepsis. Physical examination has an important role in identifying infants at
low risk for sepsis who are asymptomatic. There are no sepsis marker can

| - Pediatric Infectious Diseases Weekend (PIDW) 2014



diagnose close to 100% of infe¢ted cases. Some studies have shown that PCT
is more reliable than CRP as a test for the diagnosis of EOS, but other studies
have not found any advantage of PCT over CRP. Cytokine and chemokine
determinations are expensive tests and are not routinely automated. Current
sepsis markers (neutrophil indices, CRP) are useful adjunct tests in identifying
infants with a low probability of infection.

The optimal treatment of infants with suspected EOS is broad-spectrum
antimicrobial agents (ampicillin and an aminoglycoside). Once the pathogen
is identified, antimicrobial therapy should be narrowed (unless synergism is
needed). Antimicrobial therapy should be discontinued at 48 hours in clinical
situations in which the probability of sepsis is low.
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