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Abstract The bacteria most commonly responsible for early-onset (materno-fetal) in-

fections in neonates are group B streptococci, enterococci, Enterobacteriaceae
and Listeria monocytogenesoagulase-negative staphylococci, particularly
Staphylococcus epidermidiare the main pathogens in late-onset (nosocomial)
infections, especially in high-risk patients such as those with very low birth-
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weight, umbilical or central venous catheters or undergoing prolonged ventila-
tion. The primary objective of the paediatrician is to identity all potential cases

of bacterial disease quickly and begin antibacterial treatment immediately after
the appropriate cultures have been obtained.

Combination therapy is recommended for initial empirical treatment in the
neonate. In early-onset infections, an effective first-line empirical therapy is am-
picillin plus an aminoglycoside (duration of treatment 10 days). An alternative is
ampicillin plus a third-generation cephalosporin such as cefotaxime, a combina-
tion particularly useful in neonatal meningitis (mean duration of treatment 14 to
21 days), in patients at risk of nephrotoxicity and/or when therapeutic monitoring
of aminoglycosides is not possible. Another potential substitute for the amino-
glycoside is aztreonam. Triple combination therapy (such as amoxicillin plus
cefotaxime and an aminoglycoside) could also be used for the first 2 to 3 days of
life, followed by dual therapy after the microbiological results. In late-onset in-
fections the combination oxacillin plus an aminoglycoside is widely recom-
mended. However, vancomycin plus ceftazidintea aminoglycoside for the
first 2 to 3 days) may be a better choice. Teicoplanin may be a substitute for
vancomycin. However, the initial approach should always be modified by knowl-
edge of the local bacterial epidemiology.

After the microbiological results, treatment should be switched to narrower
spectrum agents if a specific organism has been identified, and should be discon-
tinued if cultures are negative and the neonate is in good clinical condition.

Penicillins and third-generation cephalosporins are generally well tolerated in
neonates. There is controversy regarding whether therapeutic drug monitoring of
aminoglycosides will decrease toxicity (particularly renal damage) in neonates,
and on the efficacy and safety of a single daily dose versus multiple daily doses
of these drugs. Toxic effects caused by vancomycin are uncommon, but debate
still exists over the need for therapeutic drug monitoring of this agent.

When antibacterials are used in neonates, accurate determination of dosage is
required, particularly for compounds with a low therapeutic index and in patients
with renal failure. Very low birthweight infants are also particularly prone to
antibacterial-induced toxicity.

The incidence of neonatal sepsis ranges from Tount for 2 out of 3 of early onset infectioffs.
to 10 cases per 1000 live births worldwid&! Its ~ Late-onset infections (nosocomial) occur in the
mortality remains high, ranging from 20 to 30%, first month of life, especially from contaminated
despite antibacterial treatmefit.Very low birth  handd2 Coagulase-negative staphylococci are the
weight (VLBW) infants are high-risk patiend. main pathogens, particulari$taphylococcus epi-
Bacterial infections in neonates are heterogeneouslermidisin patients with umbilical or central ve-
because of their different chronology, epidemiol-nous catheter$:°! Gram-negative organisms such
ogy and pathophysiology. Early-onset infectionsasPseudomonaspp.,Klebsiellaspp. andSerratia
are materno-fetal (congenital) and occur in the firstspp. are also common pathogens. In VLBW infants
5 days of life from contaminated amniotic fluid or the incidence of nosocomial bacterial septicemiais
blood. In term neonates the predominant pathogen$7%, about 3 times the incidence of congenital
include group B streptococdEscherichia colien-  septicaemid! Group B streptococcE. coliandL.
terococci and_isteria monocytogenes$n preterm  monocytogenesvere responsible for 94.5% of
neonates, group B streptococé, coli, Haemo- early-onset, and 89% of late-onset, cases of neona-
philus influenzaeand Gram-negative bacilli ac- tal meningitis, respectively!
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Over the past decades, there have been severakhble 1. F[iez%iglens for benzylpenicillin (penicilin G) in neonatal
shifts in the predominant organisms responsible for!™ectons”™

neonatal septicaemia and meningitf!2 More- ~ Indication Route Dosage (IU/kg/day)
over, regional differences in the pathogens may 2¢eraema V1M (2358&050)'50 000 (200 000 for
13-14] £
be present>14IFinally, several uncommon patho-  yeningiis IV, IM 75 000-100 000 (400 000
gens have also been described in neon&#s. for GBHS)
Presently, combination therapy is recommen- Congenital IV, IM 50 000°
L .. L syphilis
ded for initial empirical treatment of bacterial in- s R — v
fections in neonatel$®! In some neonates, early Bodywelght (@) Administration Interval ()
- > X - k ' <1 week <2000 12
discontinuation of antibacterial treatment just 24 52000 8
hours after initiation is possiblé”! The aim of this 1 week <2000 8
article is to review the literature on antibacterials >2000
used to treat neonatal infections. a  Aqueous benzylpenicillin.

GBHS = group B haemolytic streptococci; IM = intramuscular;
IV = intravenous.

1. Penicillins

enzylpenicillin is controversial for infants with
ongenital neurosyphiligs28-30]

Allergy, diarrhoea,Candida superinfection,
haemolytic anaemia, haematuria and interstitial
nephritis are possible adverse effects of penicil-
1.1 Peniciliin lin.[4.30] Seizures may occur with rapid bolus ad-
ministration, particularly with the high doses used
in meningitis; therefore, the drug should be admin-
istered intravenously over 15 to 30 minut&¥.

During treatment it is important to monitor se-
rum sodium and potassium concentrations (content
1.7 mEg/million units of aqueous penicillin) in pa-
tients with renal failuré31]

Penicillins are widely used in neonatal intensive
care units (NICUs). These drugs are characterise&
by a common penamic nucleus linked with various
side chains.

Penicillin is active against most pneumococci,
streptococci and. monocytogene$§. pneumoniae
and staphylococci are generally resistahtd The
penetration of penicillin into the cerebrospinal
fluid (CSF) is poor even when the meninges are
inflamed![20-22]

The half-life of aqueous benzylpenicillin (pen-
icillin G) is about 2.5 hours, with the exception of
VLBW infants during the first week of life, where
the half-life is 5 hour$?3241 The dosage of benzyl- This group includes ampicillin (which may be
penicillinis presented in table I. Penicillin has been given with sulbactam, a potent synergig)and
used in neonatal infections for many years and it isamoxicillin (which may be given with clavulanic
still used in association with an aminoglycoside acid)!33]
against group B streptocodéf! However, ampi- Ampicillin plus an aminoglycoside is fre-
cillin is now preferred because it provides broaderquently used for the initial empirical treatment of
antimicrobial activity without sacrificing toler- early-onset neonatal sepsis (duration of treatment
ability. 10 days)24:31.32.34-37THowever, epidemics caused

Retard penicillins (benzathine benzylpenicillin by organisms resistant to ampicillin, kanamycin,
or procaine benzylpenicillin) are used for gono- gentamicin or amikacin have been descriéd.
coccal infections or asymptomatic congenital Ampicillin is the drug of choice for.. mono-
syphilis2”! In the latter, the dosage of procaine cytogenesand most strains of enterococci. In the
benzylpenicillin is 50 000 units once daily intra- latter case, mezlocillin (section 1.5) may be an al-
muscularly for 14 days. The use of benzathineternativel3® Almost all Proteus mirabilisstrains

1.2 Aminopenicillins
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and 50% ofE. colistrains are inhibited by ampicil- sodium content is 2.9 mEq/é! Very rarely de-
lin. Klebsiellaspp., Enterobacterspp. andPseu- scribed adverse effects include interstitial neph-
domonasspp. are resistaft? The half-life of am-  ritis, sterile abscess at the site of intramuscular
picillin is 5 to 6.5 hours in infants 0 to 7 days old injection, phlebitis and suppression of bone mar-
and 2 hours in older infanté1-42 The drug is ex-  row.3048.491 Recently, methicillin-resistar®. au-
creted mainly (90%) unchanged in urine. The low reus(MRSA) andS. epidermidi$MRSE) have been,
CSF penetration of ampicillin increases in menin- respectively, the causes of infection outbreaks in
gitis 37431 The dosage of ampicillinis presented in some nurseries and of catheter-associated dis-
table Il. A continuous infusion of ampicillin and ease$3%-521 Consequently, methicillin is rarely used
gentamicin during parenteral nutrition has alsotoday.
been used in the neondfédl In meningitis, the rec-
ommended duration of treatment with ampicillin is
15 and 21 days for group B streptococci and Gram-
negative bacteria, respectivéhyl

Amoxicillin achieves higher serum and CSF
concentrations than ampicillig3! A triple combi-
nation therapy (amoxicillin plus cefotaxime and an
aminoglycoside) could also be used for the first 2
to 3 days of empirical treatment of early-onset dis-
ease, followed by dual therapy after the microbio-  }.3.3 oxacillin
logical resultd?s! The dosage of amoxicillinis 50 ~ The pharmacokinetics and dosage of oxacillin
mg/kg every 12 hours in the first week of life, and are similar to those of methicillin in the first week
50 mg/kg every 8 hours afterwards. of life. Afterwards a higher dosage is required

Adverse effects of aminopenicillins are rare, but (100 mg/kg/day and 150 mg/kg/day for neonates
include rashes, urticaria, diarrhoea, eosinophiliawith birthweight <2000g and >2000g, respec-
elevation of liver and muscle enzymes, and sei-tively).[423.251 Oxacillin has been associated with

1.3.2 Nafcillin

The half-life of nafcillin in neonates is about 4
hoursl?3:53] This drug has better penetration into
the CSF than methicillin. Since nafcillin is at least
80% excreted by the liver, it should not be used in
preterm neonates and in infants with hepatic dys-
function34 However, it is less nephrotoxic than
methicillin [53.55]

zures after intravenous doses >100 mgfd:43! cholestatic jaundice, elevation of liver enzymes
and mild leucopeni&?-54
1.3 Antistaphylococcal Penicillins Because of its high protein binding (90%), oxa-

cillin should not be used in neonates with hyper-
bilirubinaemia. The combination oxacillin (or
nafcillin) plus an aminoglycoside is widely rec-
ommended for empirical treatment of late-onset
infections in the neonaté4 However, in NICUs
with high rates of methicillin resistance and in-

1.3.1 Methicillin

In VLBW infants the serum half-life of methi-
cillin is 3 hours, and in term infants about 1 to 2
hoursl#6.47] The drug is excreted in urine. The

Table II. Regimens for ampicillin, methicilin and nafcillin in neo- creasing rates of aminoglycoside resistafitea
natest* 32 combination of vancomycin plus ceftazidime is
Age Bodyweight (g) Total daily Administration frequently recommended (some authors add an
a, H . .
dosage interval (h) aminoglycoside for 2 to 3 day$#).
(mg/kg)
0-7 days <2000 50 12
>2000 75 8 1.4 Carboxipenicillins
>7 days <2000 75 8 . . . .
>2000 100 6 This group comprises carbenicillin and ticar-
a If meningitis is proven or strongly suspected, the dosage must cillin, both excreted by the kidné‘;i?] Compared
be doubled. with ampicillin, they are less active againist

b Give intramuscularly, or intravenously over 20 min. monocytogeneHowever they presenta higher ac-

0 Adis International Limited. All rights reserved. Drugs 1999 Sep: 58 (3)
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tivity against Gram-negative bacteria, but have noadministrations in the first week and 4 thereafter
activity on Klebsiellaspp. and often on entero- are required’3-75 The dosage for azlocillin is not
cocci. Carboxipenicillins inactivate the aminogly- well established! Impaired homeostasis occurs
cosides when mixed in the same intravenousless frequently with ureidopenicillins than with
infusion. Inhibition of platelet aggregation, hyper- carboxipenicilling3:4.25761 At present, the use of
natraemia, hypokalaemia, thrombocytopenia, allerpiperacillin-tazobactam in neonates is not recom-
gic reactions and elevation of liver enzymes are themended?°!
reported adverse effedf®:56] Carboxipenicillins
should be carefully used in neonates with heart 2. Cephalosporins
failure, renal disorders, hypernatraemia and fluid
overload30.56] In these situations, ureidopeni-
cillins such as piperacillin, which also have an ex-
panded spectrum but with a lower salt load, may
be used®”]

The dosage of carbenicillin is 100 mg/kg (intra-
muscularly or intravenously) administered every

12 hours to infants younger than 1 week ofage, and - The first-generation cephalosporins (including
75 mgl/kg every 8 or 6 hours to older infants cefazolin, cephalotin and cephalexin) exert their
weighing <2000g and >2000g at birth, respec- action primarily against Gram-positive cocci, and
tively..2>56IWhen used alone this drug can lead should never be used in suspected neonatal infec-
to rapid development of resistant forfi$>1The  {jons, notably in suspected meningitl.

dosage of ticarcillin is 75 mg/kg every 12 hoursin  The second generation cephalosporins (includ-
the first week of life; afterwards itis similar tothat jng cefaclor, cefamandole, cefuroxime and cefoxit-
of carbenicillin>2¢0-%2 Ticarcillin is preferred jne) are active against many Gram-negative bacte-
over carbenicillin for its superior activity against i3 put are not recommended for routine use in
Pseudomonaspp!®!-°?l The coadministration of neonatology since third genertion cephalosporins
clavulanic acid significantly enhances antibacte-5re preferredt! Cefuroxime was efficacious in ne-
rial activity.°2°° This combination has been used gnates even as monother&8ybut, despite its ad-

Cephalosporins are semisynthetic derivatives of a
7-aminocephalosporanic acid nucleus. Itis usual to
divide the cephalosporins into 4 generatidifs.

2.1 First-, Second- and
Fourth-Generation Cephalosporins

in the neonat&?! equate penetration into the CSF, it should not be
used in neonatal meningiti®! In fact, a delayed
1.5 Ureidopenicillins sterilisation of CSF (>24 hours) was reported in

10% of cases of meningitis treated with cefurox-
ime 891 Among the oral compounds, cefaclor is
suggested for prevention or treatment of recur-
rent urinary tract infections in neonat@s* or

Ureidopenicillins (mezlocillin, piperacillin and
azlocillin) are more active than ampicillin against
P. aeruginosaCitrobacter diversugand theKleb-
sieIIa/Ent(_erobgcteiSerrat!agrougglm] .They are eX- adultsles-87since it has good clinical efficacy with
creted primarily by the: kidndS§p-9lwith a half-life a low rate of adverse effecls:s9l
qf apout 3to4 hours.m the neonate. CSF penetra- g fourth-generation cephalosporins, such as
tion'is not we_II.establlshed: Th? sodium cont;asnt Ofcefepime and cefpirome, are still undergoing clin-
both plper.aplll.ln and _a;locnlm is 1.9 mEqglgP 73! _ical evaluation in the newborn.

Mezlocillin is administered in a 75 mg/kg unit
dose at 6, 8 or 12 hour intervals, depending on
birthweight and gestational age. For piperacillin,
75 mg/kg intravenously every 12 hours during the  The third-generation cephalosporins, which in-
first week of life and every 8 hours afterwards are clude cefoperazone, cefotaxime, ceftizoxime, cef-
suggested in preterm infants. In term neonates, 3riaxone, cefsulodin and ceftazidime, are active

2.2 Third-Generation Cephalosporins

0 Adis International Limited. All rights reserved. Drugs 1999 Sep: 58 (3)
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against the major pathogens of neonates, are highljHowever, pseudomembranous colitis caused by
effective against aminoglycoside-resistant strains Clostridium difficilemay occasionally be seé#5!
achieve excellent activity in neonatal meningitis Ceftriaxone may cause cholecystitis associated
and do not require therapeutic drug monitoring with precipitated material collecting in the gall
(TDM).[50-%61 On this basis, third-generation ceph- bladder (pseudolithiasis or biliary sludge, detect-
alosporins, notably cefotaxime and ceftriaxone, areable with ultrasonography) in up to 25% of paedi-
widely recommended and used for treatment ofatric patients. This condition usually resolves
neonatal meningitis (mean duration of treatment 2yith discontinuation of ceftriaxone (‘reversible
to 3 weeks}?"99 However, they are not active cholelithiasis’){116 Third-generation cephalospo-
againstl.. monocytogeneand should not be used rins (particularly ceftazidime) very rarely cause
in staphylococcal infections, especially caused byggjzredii4l

MRSA and.MR-SE. ) ) All cephalosporins are potentially nephrotox-
Cefotaxime is converted to an active metabolite, . [117-121] | adults, third-generation cephalospo-

desacetylcefotaxime, which possesses antimicroging particularly, give rise to an increase in serum
bial activity and which has been S_ho‘[’l’g‘()]to be addi-¢reatinine in less than 2% of treated patients and an
tive with the parent compounia vitro™™>andin -, crease of enzymuria in less than 10% of pa-

i 101 idi i
vivol'®l Ceftazidime and cefsulodin are the only yqq1122] glevated renal function values were ob-
compounds among the cephalosporins that ar

highly active onPseudomonaspp!192 Ceftri-
axone has a high protein binding (90%), a signifi-
cant elimination via the biliary system and a long
elimination half-life (ranging between 9.2 and 19
hours in the first week of [if@03]).[57] The dosage
of cefotaxime and ceftazidime is 50 mg/kg every
12 hours in the first week of life and every 8 to 12
hours thereafter. The dosage of ceftriaxone is 5
mg/kg every 24 hours in the first week and 50 to
75 mg/kg every 24 hours thereafter.

In adults, third-generation cephalosporins can R R .
cause mild adverse effeé®! (local pain on ad- despite its significant intrinsic ‘reactivity’, presents a

ministration, phlebitig%! fever, pruritus, rashes, very limited active tr_a.nsportinthetubulle proximal
vomiting, nonspecific diarrhoea and abnormal cell. Consequently, _|t|sregarded experimentally as
liver testéL98)). In children, the overall incidence of the least nephrotoxic compoufig?®130.131]
adverse reactions in a large series of cefotaxime- Clinically, nephrotoxicity has been observed
treated patients was very low (2.5)7] rarely in childref32.133land only in 3 of 271 neo-
Third-generation cephalosporins only occasion-nates (1.1%§? N-Acetylglucosaminidase (NAG)
ally produce serious reactioH§8.199 | atamoxef enzymuria values were normal in preterm neonates
(moxalactam), normally discussed with the cepha-treated with ceftazidime as monotherdp, 3!
losporins, is no longer used in childf&f because  but not in combination with ampicillif??! Renal
of its high potential for bleeding, resulting from tolerability of ceftriaxone was good both in chil-
interference in prothrombin synthesis and plateletdren (alterations of serum creatinine were observed
function/111.1121 Immune haemolytic anaemias, in only 3 of 4743 patient§y*¢! and neonateld3’]
leucopenia and thrombocytopenia are rare but seeven when combined with gentamidii® 139 This
vere and, with ceftriaxone treatment, occasionallylow potential for nephrotoxicity is a major argu-
fatal[113.114] Djarrhoea is usually self-limiting. ment for the use of third-generation cephalosporins

%erved more often with cefoperazd#®! The de-
terminant for the development of nephrotoxicity is
the equilibrium created at the tubule cell level be-
tween active transport, secretion and reabsorption
of the cephalosporiR23 Cefotaxime appears to be
well tolerated in patients at high risk for nephro-
toxicity,[124-129 in children (only 0.27% of 2243
greated had increased azotaerdfd) and in neo-
nated128.130] Because of its low sodium content,
cefotaxime could be useful in neonates with hyper-
natraemia and/or fluid overlod#® Ceftazidime,

0 Adis International Limited. All rights reserved. Drugs 1999 Sep: 58 (3)
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rather than aminoglycosides in many children with concomitant infusion of glucose solution (>5
serious infection§-08.140] mg/kg/min). Absence of nephrotoxicity was docu-

A combination of ampicillin plus cefotaxime mented in a large series both in adults and chil-
can replace ampicillin plus an aminoglycoside for drenl154-1561|n 283 neonates treated in 5 interna-
empirical treatment of neonatal sepsis and menindional trials[154.162-165Ignly 0.7% had increased
gitis, especially where TDM of the aminoglycoside creatinine. Enzymuria during aztreonam treatment
is not possibld? However, the adoption of third- in VLBW infants was not observed® A 30
generation cephalosporins by some clinics duringmg/kg dose is appropriate, every 12 hours in the
the 1980s has led to outbreaks of organisms resisfirst week of life and every 8 hours afterwards.
tant to these antibacteridf§! Rapid emergence of The use of aztreonam combined with ampicillin
cefotaxime-resistant Gram-negative bact&d43!  could be suggested as initial empirical therapy of
can be prevented by an appropriate use of antineonatal sepsis in the following situations: (i) TDM
bacterials in the NICU79:80 Ceftazidime (plus of aminoglycosides is impracticable; (ii) patient at
gentamicin/tobramycif®®! is more suitable when risk for nephrotoxicity and ototoxicity; or (iii) site
Gram- negative bacteria, suchRseruginosaare  of infection with aerobic milieu, which inhibits
strongly suspected?4! Ceftazidime has beenwidely aminoglycoside activit{>5 The clinical efficacy
used in neonatology*4145l However, empirical of aztreonam in neonates has been prdV&tss]
monotherapy with ceftazidiné30.146.147lpecause
of its lack of activity against. monocytogeness 4. Carbapenems
not recommended48.149]

Ceftriaxone presents the advantages of a singl%
daily administration and an excellent activity in a
CSF against susceptible bactd##:13"1However,
ceftriaxone should not be used in the first week of . ; . :
life and/or in VLBW infant§L3 for the following used against organisms resistant to the usual anti-

oY e - in]d168-170] ;
reasons: (i) displacement of bilirubin from albu- bacterials; . such asK_. pneumoniaeand
min 150152 due to its high protein binding; and Enterobacteriaceae producing extended-spectrum

1 H . - ] . . ]
(i) diarrhoea, observed in up to 41% of treated P Ia([:f(?grrll%]séz' Data on use in neonates are lim
children[53] ited [169.

Both carbapenems (imipenem and meropenem)
ve an extremely broad spectrum of activity
against Gram-positive and Gram-negative bacte-
ria, including anaerobd&%6.1671 They should be

4.1 Imipenem
3. Monobactams P

Typically, imipenem is administered together
s G with cilastatin (in a X 1 ratio), which prevents
used[,_1541 acts by binding to the penicillin-binding nephrotoxicity. The half-life in neonates is about 2
protein of aerobic Gram-negative bacteria; its ac-,;rs. The dosage is 20 mg/kg intravenously every
tivity against Gram-positive or anaerobic bacteria 1 5 1, q,r9168.169 Adverse effects are nausea. vom-

is poorft%5! Aztreonam has good %eggletration into iting, diarrhoea, skin rashes, phlebitis, eosino-
the CSF of neonates with meningitiS® The drug  hpijia transient elevation of liver function tests

is primarily excreted unchanged in urine. In neo- 5.4 seizures (in patients with pre-existing CNS
nates, its half-life ranges between 3 and 10dysfunction and renal failurd)’2.1731The sodium
hoursl55.157159 The incidence of adverse reac- .ontent of the drug is 3.2 mMEq/g.

tions, such as cutaneous or gastrointestinal effects,
is very low (<4%)/155.1601 The arginine content of
aztreonam (780 mg/g) gave rise to questions re-
garding a potential arginine-induced hypoglycae- The dosage of meropenem is 10 to 20 mg/kg
miall81However, aztreonam is well tolerated with every 8 hourd!74-1761 The half-life in premature

Aztreonam, the first monobactam antibacterial

4.2 Meropenem
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and full-term neonates is 3 and 2 hours, respeciives: (i) to ensure therapeutic concentrations; and
tively.l1761 The adverse effects are similar to those (ii) to avoid toxicity. In adults, therapeutic efficacy
of imipenem. However, a lower potential for the and toxicity correlate well with serum concentra-
induction of epileptogenic activity and nephrotox- tions{19lin fact, the mortality rate is several times

icity was observed with meropenéhi®l higher when aminoglycoside peak concentrations
) . are low within 24 hours of the beginning of ther-
5. Aminoglycosides apyi9 It is unclear whether such findings can be

The aminoglycosides are widely used through_extrapolated to neonates. In fact,' the Fherapeutic
out the world77.1781 They have proved to be reli- @nge has not been so clearly defined in neonates
able for the treatment of serious neonatal infectionsand the incidence of toxic effects seems lower than
because of their rapid bactericidal activity againstin adults**®) Moreover, debate exists regarding
a wide range of Gram-negative bacteria and theirvhether TDM of aminoglycosides will decrease
‘postantibiotic’ effect179l They act on microbial toxicity.**’I However, in neonates receiving amino-

ribosomes to irreversibly inhibit protein synthesis. glycosides, urinary NAG excretion, an early sign
of nephrotoxicity that may antedate a rise in serum

5.1 Pharmacokinetic Considerations creatinine, was found to be elevated and correlated
with aminoglycoside peak concentratid®®¥! Fur-
thermore, the percentage of neonates receiving
aminoglycoside treatment who showed enzymuria
(100% in the first studies without TDM) was re-
duced after the introduction of TDK4%! In neo-
nates, TDM of gentamicin has contributed to im-
proved gentamicin administration over the course
Pf time [200] However, optimal dosage schedules
with gentamicin are still needed for premature in-
fants[201]

Aminoglycosides have poor absorption after
oral administration, poor penetration into the CSF,
modest diffusion into cells and secretions, negli-
gible binding with plasma albumin and rapid uri-
nary excretioril80.1811 They are rapidly absorbed
intramuscularly. However, a 20- to 30-min intra-
venous infusion is preferred.

Streptomycin and kanamycin are no longer use
because of toxicity and the development of Gram-
negative resistant strains of bacilli, respectiviély.

Gentamicin (the most widely studied aminoglyco- C_:ontrover3|al dqta have been report_ed n ad_ult
side)[182 tobramycin, amikacin and netilmicin are Patients on the efficacy and safety of single daily

commonly used. Aminoglycoside pharmacokinet-doses of aminoglycosides compared with multiple
intraindividual variability in the neonafé?l Fur- 10 make any statement about the relative efficacy

thermore, associated conditions, such as hypoxia2nd toxicity of single or multiple daily doses of
respiratory distress syndrome, fever, renal fail-@minoglycosides in neonates, although the experi-
ure[182] patent ductus arterios@i§0.192193lindo-  €nce with once-daily aminoglycosides is promis-

methacin administration and extracorporeal mem-4ng.2%82%9IHowever, in terms of nephrotoxicity, no
brane oxygenation, are known to modify the significant differences were found between neo-
pharmacokinetics of aminoglycosidé& Nomo-  nates treated with the same dosage of gentamicin
grams and algorithms based on gestational agegiven by continuous or intermittent infusion or ad-
birthweight, body surface and glomerular function ministered as twice-daily or once-daily do&&8:211!
do not allow adequate predictability of aminogly-  The empirical initial dosage is 2.5 mg/kg for
coside serum concentrations. gentamicin, tobramycin and netilmicin, every 12
Various methods have been proposed for in-hours in the first week of life and every 8 hours
dividualising aminoglycoside therapy. Neonatesthereafter (every 18 hours in VLBW infants for the
may require TDM and an individually adjusted whole first month of life); for amikacin, the dosage
therapeutic regimei?4 TDM has 2 major objec- is 7.5 mg/kg every 12 hours in the first week of life
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(or in VLBW infants), and 7.5 to 10 mg/kg every bular damage can occur in more than 50% of neo-
8 to 12 hours thereaftét182.2121peak concentra- nates and glomerular damage in fewer than
tions (obtained 30 min after intravenous adminis- 10%/222] despite adequate TDM22 Additionally,
tration or 60 min after intramuscular administra- aminoglycosides inhibit renal damage repair pro-
tion) of gentamicin, tobramycin and netilmicin cesses mediated by renal growth factors, such as
should be maintained at 5 to 8 mg/L (15 to 25 mg/L epidermal growth factdg33-235]

for amikacin). Trough concentrations (measured im-  Numerous factors intervene in the process of
mediately before the next administration) should aminoglycoside nephrotoxicity; such factors are
be kept below 2 mg/L for gentamicin, tobramycin related to the patient, the antibacterial itself, the

and netilmicin and below 10 mg/L for amikacin. associated pathology and the relevant pharmacol-
Monitoring peak and trough concentrations (‘trial ogy. They are presented in table Il

and error method’) allows modification of boththe | adults the general rank order for aminoglyco-
dosage and the administration interval. Howeverside-induced glomerular nephrotoxicity is genta-
with this m<_-:-thod_ neither the exact dose (in mg) Nor micin > tobramycin > amikacin > netilmicin, as
the exact time _(|n hours) are calculated. Qomplexreported in a very large revie##? Some of these
pharmacokinetic methods are needed to give quangata were also demonstrated in prospective stud-
titative information for modification of therapy. ;og[2521 |t is difficult to assess actual toxicities in
The method of Sawchuck and Za@ﬁiguaranteed neonates since absence of large comparative stud-
successful monitoring in neonaté¥.#4Good re- ¢ '\ ariable use of TDM and variability of meth-

sults were alsgle;cl:;yeved with the Simkift2icl ods to detect renal injury do not permit the assign-
and the PKRB*-#7lprograms. ment of a definite rank order for nephrotoxicity.
The traditional parameters of nephrotoxicity were
elevated in neonates treated with aminoglycosides

The major limitations and concerns s:urroundingi?1 some s.'[udciie§!5;"2551halthoughl in Oth§£5$]tuqies
the use of aminoglycosides are related to their abil-\N€Y remained within the norma rangée 27Iuri-
ity to produce structural and functional renal in- @y elxcrettlgn_ of enzy{nest an? gﬂc_rtohglobutllns_
jury.218] In fact, approximately 50% of cases of WaS €lévated in neonates trealed with gentami-
]dra/g-induced hosF:)Fi)tal-acquir)e/zd renal failure areCin'*%19%:249.25825%nd amikaciri??%l but not with
related to the use of aminoglycosid&$! In the netilmicin/184 Aminoglycoside-induced tubular
adult, the cost of nephrotoxici8?® and the impact thicity'is frequent, but is generglly reversible on
of a clinical pharmacokinetic approach on this discontinuing the drug. The patient is usually not
field221] have been documented. oliguric, although rarely a more severe renal im-

Aminoglycoside-induced kidney damage is of Pairment may be observed, especially if concomi-
direct typel222-224] After glomerular filtration, tant renal insults are prese@t!) However, it
aminoglycoside uptake occurs within the renal Should be taken into account that renal damage
proximal tubule, mediated by receptor glycopro- may alter the pharmacokinetics of a drug, reducing
tein 330, interfering with protein reabsorptié¥! renal excretion and inducing further toxicity, with
and giving rise to functional tubular damage (in- Possible consequences also at the auditory level.
crease of microglobulins and brush-border anti- Ototoxicity is rare and may take considerable
gens)226-2301 The aminoglycoside subsequently time to become appardff®! and is consequently
concentrates mainly in the lysosomes, where it bindglifficult to demonstrate in neonates; however, it is
to phospholipids, forming multilaminated mem- irreversible. In a review of 1321 neonates and in-
brane structures (myeloid bodies), and causing strucfants included in 7 studies, it was concluded that
tural tubular damage (increase of cellular enzymesototoxicity is very unusud?f®l Amikacin presents
and phospholipids in the urin€$2.210231.232ITy- the highest ototoxicity.

5.2 Toxicity
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Table Ill. Risk factors for aminoglycoside-induced nephrotoxicity which may be present in the neonate (modified from Khoory et al.[223 with
permission). An extended explanation of these findings can be found in Fanos & Cataldil??? and Khoory et al.[?%3]

Risk factor Comment References
Patient

Neonatal age Controversial (neonate at lower risk than adult?) 236-239
Constitutional factors Possible; about one-third of neonates are not involved 199

Aminoglycoside

Intrinsic toxicity Gentamicin > tobramycin > amikacin > netilmicin 222,240
Mode of administration (continuous or intermittent) Demonstrated experimentally, but not clinically relevant 210, 211
Drug monitoring Therapeutic drug monitoring can halve tubular toxicity 199,222, 240
Length of therapy High risk of renal failure after 2 weeks of therapy 240
Clinical conditions (all increase risk)
Anoxia Increases the intensity of damage 241, 242
Respiratory distress syndrome/mechanical ventilation  Increases tubular toxicity 243, 244
Hyperbilirubinaemia/phototherapy Prolongs the duration of tubular toxicity 245, 246
Gram-negative sepsis Endotoxaemia plus fever = high risk 247
Pre-existing renal or hepatic failure Increase glomerular damage 224
Pre-existing renal ischaemia Increases glomerular damage in 30% of patients 248
Concomitant drugs Furosemide (frusemide), indomethacin and vancomycin increase 249-251
toxicity (the last by 8-fold)
Electrolyte disorders Hypercalcaemia, K*, Na* and Mg?* depletion 224,232

Aminoglycoside-associated neuromuscular block-  The exposure of neonates to glycopeptides, par-
ade, related to an inhibition of acetylcholine re- ticularly to vancomycin, is now extremely wide-
lease at the neuromuscular junction, is rarelyspread. Potential reasons for this increased expo-
described?%2lKanamycin presents the highest tox- sure include the longer survival of preterm and
icity.[218] term neonates, expanded intensive care periods,

prolonged ventilatory suppod?!l the use of intra-
venous catheters and intravenous lipid emul-

6. Glycopeptides siong?’?l and an increased incidence of blood-

stream infections caused by staphylococcal and

Glycopeptides are selectively active againstenterococcal species that are resistant to conven-
Gram-positive bacteria, including multidrug-resis- tjional antibacterial&73

tant strains such as MRSA and MRSE, enterococci

and Clostridium spp[296:263] They exert a prompt 6.1 Vancomycin

bactericidal effect, inhibiting cell wall synthesis.

The emergency of coagulase-negative staphylo- Initially, empirical dosage guidelines for vanco-
coccal strains with decreased susceptibility to mycin in neonates were based on postnatal#de,
both vancomycin and teicoplanin has been de-gestational age and birthweiglit®! Currently, the
scribed(264.265] Protein binding is 10 to 30% for dosage suggested in the first week of life is a func-
vancomycin and 90% for teicoplanin. The elimina- tion of postconceptional age (15 mg/kg every 24
tion half-life is 6 to 11 hours for vancomycin, and hours if <30 weeks, or 10 mg/kg every 12 hours if
about 30 to 40 hours for teicoplanin. CSF penetra->30 weeks). After the first week of life, the dosage
tion is poor for both agents. Excretionis by glomer- is related to renal function (15 mg/kg every 24
ular filtration [266-2701Some characteristics of gly- hours if serum creatinine is >1Q6nol/L, 10 mg/
copeptide administration are summarised in tablekg every 12 hours if serum creatinine is between
IV. 62 and 106umol/L, and 10 mg/kg every 8 hours
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with serum creatinine <6mol/L).2761 Among With elimination of the impurities contained in
patients treated with these guidelines, 78% hadearly preparations of vancomycin, the 3 main ad-
both optimal peak and trough concentrations ofverse effects (nephrotoxicity, ototoxicity and ‘red
vancomycin?’6l A new dosage schedule has beenman’ syndrome) became much less common.
recently proposed in the literatulé?”] However, In children and neonates, the glomerular toxic-
since the pharmacokinetics of vancomycin in neo-ity of vancomycin seems generally lower than in
nates reveal a high degree of variabilf§# TDM  adults285-2871 The most important risk factors for
of the drug is generally suggested, especially inthe development of nephrotoxicity are: (i) trough
neonates weighing less than 1208 Much of  concentrations >10 mg/L; (ii) concomitant treat-
the discussion regarding the aminoglycosides isment with aminoglycosidel86.288] and (iii) pro-
also applicable to vancomyci#f®28%In fact, con-  |onged therapy (>21 day&88:289|n situations (i)
troversy exists regarding the need for TDM of van- and (ii) the risk of nephrotoxicity increases in some
comycin and, similarly, there is no consensus oncases up to 8-fol&86! Other risk factors include
time of first sampling and frequency of determina- high peak concentrations, high total dose, pre-
tions!?81 Trough and peak concentrations should existing renal failure, and concurrent treatment
be obtained 30 min before and after infusion, re-with amphotericin and/or furosemide (frusem-
spectively?”3l In preterm neonates with impaired jde)[2861 However, the role of these factors is not
renal function or a recent history of treatment with so well established in the neonatal popu|at[ﬁf>ﬁ]_
indomethacin, the use of anindividualised pharma- There is no confirmed evidence that transient

cokinetic profile should offer advantag@8?l In  hjgh peak concentrations are associated with tox-
fact, concomitant treatment with indomethacin in- jcjty.[251] Consequently, it may be necessary to
creases the half-life of vancomycin by 2 to 3 times monjtor only trough concentrations of vancomy-
as a result of reduced glycopeptide cleard®®®. cin. |n fact, the maintenance of adequate trough
A continuous infusion of vancomycin (10 to 40 concentrations is the principal determinant of bac-
mg/kg/day according to renal function) has alsotgricigal activity, and elevated trough concentra-
been employed34 tions are predictive of accumulation and sub-
sequent renal deteriorati¢t??] Proper TDM of

Table IV. Some differences between vancomycin and teicoplanin vancomycin minimised both glomerular and tubu-

administration in the neonate (modified from Fanos et al.,2%] with lar nephrotoxicity in 2 studies involving children
permission) (including 30 neonate$3?1.292lIn most cases van-
Factor Vancomycin Teicoplanin comycin nephrotoxicity is reversible, even after
Stability of the solution 4 days 7 days high dosed251]
4°C) o ..
Administration Intravenous Intravenous or Vancomycm-mduceq ototoxicity seems t,o be
intramuscular very rare in humans, with only 28 cases published

Infusion Slow (1 hour)®  Rapid over a 30-year period?3! but may be underesti-
Dally doses 18 . mated; however, deafness is permanent. Ototoxi-
XE'”me Oft_d":em A S city is generally associated with serum concentra-

erapeutic dru equire ot require .
monitfrmgb ’ a a tions >80 mg/LI2%3l In neonates treated for 21 days
a Slow infusion may prevent anaphylactoid reactions. with vancomycin, audiometric studies failed to
b Peak concentrations should be obtained 15-30 min after a demonstrate OtOXiCitB?.g“]

1-hour infusion after the third dose of vancomycin. ‘Red man’ syndrome is an anaphylactoid reac-
¢ Maintain peak concentration <40 mg/L and trough concentra- . . .

tion <10 mg/L. tion characterised by tachycardia, an erythematous
d May be suggested in patients with pre-existing renal failure. macular rash an0|Vlng the facea neck and upper
+indicates lower volume (may be important in very low birth weight trunk, and arterial hypotension. It can persist for
infants with fluid overload). several hours and tends to improve with antihista-
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mine medication&9529l|n paediatric patients its 7. Chloramphenicol

frequency ranges from 1.69861 to 35%[297] In _ o . _
neonates, rashes, sh&8® and even cardiac ar- Chloramphenicol has broad antimicrobial activ-
rest2%%) have been reported during treatment with Ity-*2* 3?4 A large variability of half-life, particu-

vancomycin. A slow infusion rate (60 min) seems larly among VLBW mfa.nts, .has been docu-
to be an effective measure of preventiat:2%) mented325-327] Concentrations in CSF are 35 to

. : : 90% of those in serum, regardless of the extent of
For late-onset sepsis acquired in the NIC_U, ameningeal inflammatioff23.327-3291The dosage is
s mg/kg every 24 hours, but should be adjusted to
maintain peak serum concentrations ranging from
10 to 25 mg/L to avoid toxicities.

aminoglycoside (in place of ampicillitd:*1 Vanco-
mycin is currently the antibacterial of choice in se-
vere staphylococcal infections. Prophylaxis with Chloramphenicol commonly causes the follow-

vancomycin 2.5 to 5 mg/kg twice daily has been g 5qyerse effects: skin rash and gastrointestinal
proposed for preventing infections in VLBW in- gffacts; retinal and peripheral neuropathy; red cell
fants*9-3%3limmediate removal of potentially in- - matyration arrest; and, less frequently, thrombo-
fected catheters has also been recommended iBytopenia and leucopenia. The ‘grey syndrome’, a

case of suspected infectié§#30%] peculiar syndrome characterised by cardiovascular
collapse, has also been descrilt®e3°The toxic-
6.2 Teicoplanin ity of chloramphenicol is the major limiting factor

for its routine use and, presently, because of the

The tolerability of teicoplanin seems superior to availability of safer antibacterials, there are no in-
that of vancomycin. In a meta-analysis of 11 com-dications for its use in the neonatal period. In
parative studies in adults, the overall incidence ofdeveloping countries where third-generation ceph-
adverse effects was significantly lower in patients alosporins are not readily available, chloram-
who received teicoplanin rather than vancomycinphenicol is still used in combination with amino-
(14vs22%)[39€] Moreover, teicoplanin nephrotox- glycosides for the treatment of Gram-negative
icity was lower (4.8/510.7%)[3%l even in associ- Meningitisl322.331
ation with the aminoglycosidé$®8] The rate of
teicoplanin nephrotoxicity is low in adults (0.6% 8. Cotrimoxazole
of 3377 patientdj°”Jand neonates (none of the 187  (Trimethoprim-Sulfamethoxazole)

cases published to dati§7.268,308-312] , _ _ _
Moreover, teicoplanin presents interesting phar- Cotrlquazo!e is apotentially usefql agent agalnst

macokinetic propertié¥3314land therapeutic effi- neonatal mfectlons paused by multidrug-resistant

cacy in adult®15) and childrerf316.317 Gram-negative organismExoplasmapp. andPneu-

) ) - . _mocystis carinif®32-3%! The initial dosage of the
Teicoplanin 8to 10 mg/kg administered intrave components should be trimethoprim 2 mg/kg

nously or intramuscularly once daily after a load- (maintenance dose 1 mg/kg) and sulfamethoxazole
ing dose of 15 to 20 mg/kg appears to be an effec—10 mg/kg, administered twice dai§?6-3371Serum
tive and well tolerated treatment for Gram-positive bilirubin binding capacity is not affect&@k8! How-
infections in neonate8®") Teicoplanin may alsobe  eyer pecause of the paucity of information on this
an alternative to vancomycin in the empirical treat- gryg in the newborff] cotrimoxazole should be
ment of late-onset infections in the neonate (Or forused with caution in neonates and On|y in excep-
prophylaxis in VLBW infants)?!831%land is par-  tional circumstances. The drug may also give rise
ticularly indicated in patients at risk for nephrotox- to hyperkaliemia, reducing the urinary excretion of
icity and when TDM of vancomycin is impracti- potassium by blocking the sodium-potassium
cal [320] pump in the distal nephro#3®!
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9. Macrolides mg/kg/day (in 4 divided doses) in term infants after

the first week of lifel25.350-352]

Erythromycin is active against most Gram-pos-  Dijarrhoea, pseudomembranous colitis, rashes,
itive bacteria, inClUding many peniCi”in-reSiStant Stevens-Johnson syndrome, elevation of liver
strains of staphylococci. Most strainsldf influ-  enzymes, sterile abscesses, thrombophlebitis, gran-
enzag Neisseriaspp. andBordetella pertussiare  ylocytopenia and thrombocytopenia have been re-
susceptible. The drug may also be useful againsported in children after administration of clinda-
Chlamydiaspp. andUreaplasmaspp!340-342litis  mycin[4.30]
concentrated in the liver and excreted in active

form in the bile. CSF penetration is pd6¢®! 11. Rifampicin (Rifampin)
Erythromycin is available as several different salts _ o _ _
for oral and intravenous administration only. Rifampicin may be useful in staphylococcal in-

Oral administration should be performed with fections. The oral preparation contains a high os-
milk formula to enhance absorption and to reduceMmolar load, which precludes its use in preterm in-
possible gastrointestinal adverse effects. The sugfants. Interm neonates, an intravenous dosage of
gested dosage of the estolate form is 10 mg/kg ev® Mg/kg every 12 hours is generally effective. It
ery 12 hours during the first week of life and every 8 IS important not to exceed this dosage so that high
hours thereaftd?43-344] Intravenous administration Plood concentrations and consequent adverse ef-
(5 to 10 mg/kg) must be given slowly by infusion fects (jaundice, thrombocytopenia, nausea and
pump over at least 60 min every 6 holg®25.3441  vomiting) are avoided?>2-354
Heart rate and blood pressure must be closely mon-
itored during intravenous administration. Chole-  12. Quinolones
static jaundice occurs rarely in neonak¥§:34¢l
The pharmacological effects of cyclosporin, dig-
oxin, methylprednisolone and theophylline may be
increased by concurrent administration of erythro-
mycin [347]

Spiramycin has been used in neonatal toxoplas
mosis, but doubts remain regarding its effic&¢§!
There are no data concerning the safety and effi
cacy of newer macrolides (such as clarithromycin
roxithromycin and azithromycin) in neonatég®

The quinolones have a broad spectrum of activ-
ity against Gram-positive and Gram-negative or-
ganismd349l However, the potential for toxicity to
the cartilage of weight-bearing joints in children
has restricted their use to ‘life saving’therapy with-
out alternative option&2! No osteoarticular prob-
lems were observed in a recent stli##y! although
in a previous paper a greenish discolouration of
'deciduous teeth was report&ef! The literature on
the use of ciprofloxacin in 28 preterm or low birth
weight infants has recently been review&d! The
10. Clindamycin dosage of intravenous ciprofloxacin ranges from

. o , . . 10to 40 mg/kg/day, administered in 2 do&&s.
Clindamycin is active against Gram-positive

cocci and anaerobic bacteff4% The serum half-
lifeis 11 hours in preterm infants and about 5 hours
in full-term infants[33% The main elimination of Metronidazole is active against anaerobic bac-
the drug is by hepatic inactivation (90%). Clinda- terial infections, amoebiasi§iardia lambliaand
mycin penetration into the CSF is poor; metroni- Trichomonasspp. Itis frequently used in necrotis-
dazole or chloramphenicol are preferred in the rareing enterocolitis, particularly if perforation is pres-
Bacteroides fragilisinfections of the CNS. The ent, and in antibacterial-associated colitis caused
dosage of clindamycin is 15 mg/kg/day (in 3 di- by C. difficile.[358-3601 The dosage (intravenous or
vided doses) in preterm infants at any age and inoral) is 7.5 mg/kg every 12 hours. In term neonates
term infants in the first week of life, and 20 after the first week of life the dosage can be dou-

13. Metronidazole
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Table V. Dosages of selected antibacterials in different degrees of renal failure in the neonatel!80:361-364]

Drug Dosage (mg/kg) and administration interval at residual glomerular filtration rate of

>50% 10-50% <10%
Amikacin 10 q12-24h 10 q24-36h 5 q24-48h
Ampicillin 50-100 q12h 50 q12h 50 q24-48h
Aztreonam 30-60 g12h 15-30 q12h 15-30 g24h
Benzylpenicillin 25 000-50 000IU g12h 20 000-40 0001U g12h 10 000-50 000IU g12h
Cefotaxime 50-75 q12h 40-60 q12h 25-40 gq12h
Ceftazidime 50-75 g12h 35-50 q12h 15-25 q12h
Ceftriaxone 50-75 g24h 50-75 g24h 50-75 q24h
Clindamycin 2.5-5q12h 2.5-5ql12h 2.5-5q12h
Gentamicin 2.5912h 2.5 g24-36h 2.5 g36-48h
Piperacillin 50-100 gq12h 40-75 q12h 25-50 q12h
Ticarcillin 75-150 q12h 40-75 q12h 20-40 gq12h
Teicoplanin 8 q24h 8 q36h 8 q48h
Tobramicin 2.5912h 2.5 g24-36h 2.5 g36-48h
Vancomycin 7.5-10 g24h 4-5 q36h 4-5 g48h

gxh = every x hours.

bled. In the first week of life, the interval should be nate—specific factors such as birthweight, underly-
48 hours in neonates with birthweight <1200g anding illness or concomitant therapies.

24 hours in neonates with birthweight between  Penicillins, cephalosporins, monobactams, amino-
1200 and 2000g. The main adverse effects of metglycosides and glycopeptides are commonly used
ronidazole are nausea, vomiting, neutropenia andin neonatal infection. In selected cases (infections

rarely, seizure§!3°) with multiple and/or resistant organisms), car-
bapenems and quinolones may be useful; quino-

14. Dosage of Antibacterials in lones should only be used in ‘life saving’ situations.

Renal Failure Macrolides, clindamycin, rifampicin and metroni-

dazole are rarely indicated. The use of chloram-
Normal renal function is important for the ex- phenicol and cotrimoxazole in neonates is excep-
cretion and metabolism of many antimicrobial tional.
drugs. Renal failure alters antibacterial clearance The dosage of antibacterials should be indi-
and requires modifications in dosage to optimisevidualised, especially in very low birthweight in-
therapeutic outcome and minimise the risk of tox- fants and in renal failure. TDM is generally sug-
icity. Recommendations are presented in tablegested for aminoglycosides in order to reach
\/.[180,361-364] therapeutic goals and prevent toxicity. At the mo-
ment it is not possible to make any statement re-
15. Conclusions garding the relative efficacy and toxicity of single
or multiple daily doses of aminoglycosides in heo-
Combination therapy is recommended for the hates. Controversy still exists over the need for
initial empirical treatment of bacterial infections in TDM of vancomycin: determination of trough con-
the neonate. Selection of an antibacterial bacteriafentrations may be sufficient.
regimen is based on: (i) bacterial prevalence and Although antibacterials have greatly improved
susceptibility; (ii) drug characteristics such as the treatment outcome of neonatal sepsis, addi-
spectrum, pharmacokinetics, CSF penetration, clintional interventions will be required to reduce the
ical efficacy, tolerability and costs; and (iii) neo- morbidity and mortality of neonatal infections.
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Survey and prevention systems should be continu-21.

ously reinforced. Preventing iatrogenic toxicity is

not only possible and desirable, but essential. 22.
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