
EPIl>EMlotOGI,CAL SURVEILLANCE OF l?OSl:TlVE BLOOD AND CEREDRO-

SPINAL FLUID CULTURES IN THE NEON2'~TALtr.L'lI'!' OF BARA~WANA'IH'S

~TERNZTY HGSPITAL OVER A TWO YEAR PERIOD (lS89-1990~

Evelyn Madele:i.neFunk

A Dissertation submitte~ to tho p.aoulty of Xedicine,
universi ty of the .~:ttwate:-t'rand, l.1'ohannesburg, in p!1:t'ti~l
fulfillment of the req~irements for the Deg~ee of Mastex of
Medicine in paediatrics.

Johannesburg 1992



ii

ABSTRACT

The aims of this study were to establip~~ t.he incidence of
peri~~tally and nosocomially acquir~d bacteraemia and
funqaemia as determinad by blood dnd cerebrospinal fluid (CSF)
isolates in the neonatal population saen at the Baraqwanath
Neonatal Unit; to identify risk fa~J;ors for infection and
record the outeome. Other aims were to analyze tha suscept-
illili t}' pattt!rnsof the organisms i'Sol,ateawit.h respect to
changing antimicrobi2!l polici~s and to compare these with
previously reported studies.

Data recorded prospaQtively on all blood and OSF isolates
@btained from b\'1biesadInitted to the unit during the periol!'1
January 1989 to December ~990 were analyzed, as were the
oomputerized clinical records of all tile a.dm.issionsover thi~a
period.

Group B str.eptoeocci (GSS) were the most common cause of
congeni tal :b:!.oteraemiahaving been recovered from 141 babies
during the two y~ar study pe~iod (1,9 cases per 1 000 live
births). J'ust over 25% of these babies required adniission 1':0

the Ir1t;ensive Care unit (IeU) and 10% were well babies with
prolonged ruptu~e of membranes «PROM) sent to their mother.s on
2i.ntiluic!'obials.The remai:raiill0:t'wars babies with mild to
~~derate respiratory distress not requirinq ventilation~ Risk
~nalysis identified birth asphyxia as siqnificantly associated
with ~his infeotion.
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Gram negative bacte:cia (GNB) were isolated .t 13irth £r0111 141

babies durinq these two years~ The most comm~n isolates were,
however, those d'aeto Psaudomonas ~nd serrat.ia spp, b(jth
considered to ~e contaminants. The majority of G!m isolates
were obtaine~ from babies admitted to the hiqh care areas.

Klebsiella spp was the most important cause of nosocomial
sepsis accountinq for nearly balf ot all hosp~tal acquired GNB
isolates followod ~y Pseudomonas and serratia ~pp. A total of
2~2 babies developed ~ nosocomial GNB septicaemia during the
two year study period, that is, 3,S% of the babies admitted to
the unit that survived beyond three days of &qe. Babies with
birth weights <1500q had the highest incidence of Klebsiell~
bacteraemia. There was a strong correlation between GNB
sepsis and necrotising enterocolitis (NEe). Klebsiella and
Serratia infections were further associated with parenter~l
nutrition. ever half of the babies with nosocomial GNB sepsis
died: in fact, deaths due to nosocomial GNB sepsis accounted
for 25% of all deatho occurring after three days of age.

Increasing r.esistance of GNB to third generation cephslo-
sporins led.to restricted use of these antimicrobials. NGver'"
theless~ resistance to both cefotaxime and ceftmzadime in-
creased signific4~.ntly,from 36% to 519% (p=O,0009) and from 1%

to 23% (1?=0,0005) It:'espectivelyduring this period. A policy
change to amikacJ,n as sole ,am.inCllqlycosideresulted in a siqni-,'_
fiea.llltint,rease j,n its rasi:Jtancne,from 9% to 25% (p<.O,0001) ..

Such a dramatic :i,nereasein amik:e.cinresistance following the
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increased use of this drug has not ~een reported previously.

There were 112 cases of hospital acquirad systemic fungal
infections during the stud~ period, all but one case bad been
acquired in tbe high care area~. Bahies admitted to the leu
and those with birth weights <1500q ha~ the highest in-
incidences. onee aq~in, the~e wa& a ~trong correlation
between babies with systemic fungal ~nfGetion, parenteral
nutrition ~nd NEe. Just Uilder a halt' of the baJ.Jies with

systemic funqal :blfect:i.ons died.

Infections thus are an important cause of morbidity and
mortality amongst the babies admitted to Baragwanathls
Neon.atal unit. As the susceptibility patterns of the
organisms are constsntly chi4.ngi'Qg, i,t is im,perf.t.tivGthat up to
date records are kept in order to taoili tate the formulatio,n
of a,ntimiorobial policies. ~~ha ltelationshi1? between noso-
comial infections and NEC netl:df)to be iur't,h"lrdefined.
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CHAPTER 1: INTRODUCTION: NEO~ATAL iSEPSIS

1. BACKGROUND
Infections are an important cause of morbidity and mortality
in the neonatal period as the newborn is particularly
pradisposed to infections, their imwunological system being
immature. This is especially ~rue for the low birth weight
(LBW) neonate.

1.1 ~ Cell ~unctions
Total T cell numbers are decreased in the premature neonate.
They are normal in the term neonate, though the suppressor T
cells are more numerous and more functional than the helper T
cel1s.1,2 Neonatal T cells suppress B cell differentiatl.on to
plasma cells and immunoglobin synthesis. Antigen stimUlated
proliferation of T cells is depressed in the neonate, but they
are capable of a stronger proliferative response to mitogens
compared to those of adults. Production of certain lympho-
kines by neonatal T cells is decreased; lymphotoxin production
is less than half of that of adult T cells and migration
inhibition factor is also decreased.3 Some workers have shown
that levels of immune interferon in cord blood are dimiYL 'led
but that those of leukocyte inhibitory factor are normal.4

Neonatal T cells also demonstrate depressed cytoto~icity.
Infants thus show nonreactive skin t.ests tr:>common antigens
used to assess T cell function, even after deliberate
sensitization. 5
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1.2 ~ Cell Functions
As already mentioned, neonatal B cells show a limited capacity
to differentiate into plasma cells and produce immunoglobins.
This is not only due to excessive T cell suppressor activity,
but also because of the poor development of lymphoid tissue
and plasma cells in the neonate, a sterile in u·tero environ·-
ment, presence of immunosuppressive quantities of trans-
tlacental antibodies and intrinsic B cell hyporesponsiveness.6

Some 19M synthesis, however, does begin at 30 weeks gestation;
synthesis of the other classes of immunogJobulins only
commencing well after birth.7,8 IgM synthesis is especial:!.y
active during the first week of extrauterinF. life due to
$timulation by antigens in the neonatal gastrointestinal tract
regardless of the ges'C.ationalage of the infant. Only IgG is
transfer:red across the placenta to the foetus, beginning cl,t 8
weeks gestation. By t~rm the IgG level in the foetus exceeds
the mat~rnal l~vel.8,9 Neonates are thus protected against
infections with organisms to which their mothers have high
levels of Qirculating 19G. As maternal antibodies to GNB are
predominantly of the 19M class, the newborn is susceptible to
infections due to these organisms.IO 19G levels falloff
rapidly having a half life of 25 days resulting in a physio-
logic hypoqammaq'Lcbuj.Lna.amd a by 4 months of age.9 Premature
neonates have lower levels of IgG at birth because of de-
creased maternal transfer and thus an earlier and more severe
physiologic hypogammaglobulinaemia. 19A levels do not reach
adult values till adolescenc~ but IgD and 19E levels rise sig-
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nificantly during the fir3t. year of life.11 Secretory IgA is
passively ingested by breast fed infants, inhibiting the
growth of certain organisms. As breast milk also has various
other ilT.IDUnologicalpropl'i£!rtiesI a decreased intake might pre-
dispose to neonatal sepsis.12

1.3 Monocyte and Mpcrop~age Functions
Antigen processing by ne~.I~,;latalmonocytes and macr ophaqea is
depressed, as is monocyte chemotaxis a.n macrophage phago-
cytosis.13 Poor bactericidal and viricidal capabilities may
result in increased susc,?pt.it-l..lityto infection from intra-
cellular organisms. Bactericidal act1vity is especially
compromised in babies with sepsis, meconium aspiration,
respiratory distress, hyperbilirubinaemilll and PRm:. cytotoxic
response to antibody-coated cells by monocytes and killer
cells appears to be normal in newborns.14

1.4 Complement System
synthesis of complement componerrt.sstart at 5 weeks gestaJ.:ion.
There is no placental transfer of maternal complement. Levels
of the individual components and total hc::.emolyticactivity is
significantly decreased at birthr especially in the premature
newborrn, resulting in deficient opsonic and chemotactic
activity. 15

2. PA'l'HOGENESlq_ :'JF NEONATAL ,J:NFECTIONS

Host susceptibility, socioeconomi.c factors, obstetric and
nursery practices arid the health and nu.t:rition of mothers are
all considered important in the pathogenesis o. neonatal



sepsis .16 Infection may occur at a11Y time following

ooncaptiLon and during' the first month of life.

2.1 .Intrmlte:r,ine ,J:nfection

.A foetus may become infected while still Ln utero either frC.>lll

c:ganisms present in the genital tr.act that have invaded the

amnf.ot.Lc r:Luid or via the transplacental routE: ~o11owinC:i

Lnvas Lon o:e the maternal bl.oodstream. The foetal membranes

need not have ruptured for organisms to gain acceas to the

amndot.J.c fluid, microscopic defects i1':1 the mem' ranes providil1g

a pathway for such spread.17 Invasion of tbe maternal blood~

stream by :mi~;!roo:('ganismsis not unoommon , yet in In!:lstcases

ne.itl1er foetal nor placental in:'~ct ion results. However!,the

developing foetus may be alfected without direct microbial

Lnvasi.on of the placenta O~~ foetal tissues due to high fever,

circulating toxins or metabolic derangements resulting in

embryonic death ane. rQsOrptiOl'l, ab~)rtion, stillbirth or

pz'emat.ure delivety.1B ,;t\ctual infect:ion of a foetus may result

in c.: similar outcome or developmental anomalies including

intrauterine growth retardation, congenital disease or

p'~rsistent postnatal infection, though many neonates appeal"

asymptomatic. Viral infections, especially those due to

rubella and cytomegalovirus, have been shown to cause terat\:;

genesis as well as intraut.erine growth retardation. Babies

with congenital disease may present with a variety of signs

including jaundice, anaemia, skin rar:.,hest hepatosplE:l10megally,

respiratory dist.ress, skeletal, c.azctd.ac and nerVOU!3system

j nvol,vemerrt . organisms that may pr'oduco chronic infection
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when. acquired later in life such as syphilis, tuberculosis,
cytomegalovirus, herpes ana other viral infections, may also
cause persistent postnatal i~fections.

2 • .2 ,Infection Acguireq purirlg J3irth
The foe'tus is protected from the microbial flora of the

maternal genital tract by the foetal membranes, but once these
have ruptu:red, the vaginal flora may ascend and invade the
foetus especially if delivery is d~layed. In addition, the
amniotic fluid is thought to be bacteriostatic, containing
lysozyme, bactericidin, transferrin, peroxidase, immunoglobins
of the IgA r nd IgG classes and a zinc-protein complex with
antibacterial properties.19 Amniotic fluid has been shown to
inhihit the growth of .!h.. coli and other bacteria.20 However,
the presence of meconium in amniotic fluid diminishes this
effect.

In the absence of intrauterine infection, the newborn's first
exposure to microor:~~'·l1.is:msis to those of the maternal cervix
and vagina. A variety of organisms may be found in the
maternal genital tract including GPB, GNB, anaerobes, viruses,
fungi, chlamydia, mycoplasmas and protozoa. Some of these
organisms are sIgnificantly associated with disease in the
newbor-n, whereas others rarely if ever involve the neonate
(see table 1.1).21 'fhis may depend on the vd.ru.lence of t!,.~

organism and the s:i.zeof'the Lnnocu Lum, Interestingly enough,
the organisms responsible for maternal pelvic infections are
usually polymicrobial with anaerobes isCtlated in the majority
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Table Ll .The Association of Neonatal DiseaE~ :witq Microorgan,is11l§.Prese
in thg Mab~rnal Birth Canal.

Microc)rganism
Association with Neonatal Disease

Significant Uncommon Rare or none
Bacteria

Lactobacillus
S~ .@pidermidis
b aureus
a haem streptococci
Group A streptococci
Group B streptococci
Group D streptococci
~-!... coli
Proteus spp
Klebsiella spp
Pseudomonas spp
S&lmonella spp
Shigella spp
Neisseria meningitidis
Neisseria gonorrhoeae
Haemophilus spp
Listeria monocytog:_enes
.Camgylobacter foetus
Saccharomyces spp
Corynebacterium spp
Bacl]']'\!.§.su;,tilis
Bacteroides spp
Peptostreptococcus spp
Veillonella spp
Clostridium spp
Bifidobacterium spp
Eubacterium spp

Viruses
Cytomegalovirus
Herpes simplex
Hepati't.is
HIV

Fungi
Candida
frorulopsis

Chlamydia trachomatis
Mycoplasma

Mycoplasma hominis
nreoplas~ b--;m:[nis:

Protozoa
Toxoglasma gondii
Trichomonas ~aginalis

+
+

+
+

+
+

+

-I-

-I-
+
+
+
+
+

+

+
+
+
+
+
+
.;-
+
+
+

+

+

+
+
+

+

+
+

+

+
+

-I-
+
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of case ~ whereas anaE~l:obes.ini'rfaqnently l:esul t i.n :ir.lfectio1'l.s

of th.E~newborn which are usually caused .by sin~11le i\i':lpac:i.es c;"i

aerobic bacteria.22,23

The nlewbornis ini t::i.c:llly co.lond aed on th~~ skin land Iir~UOOI!3al

sur races and in most cases the organisms pr':,llifE~r(!.te~at t.hese

sLtzis without caus Lnq illness,. However, a j;ew :i,n1.1ant:sbecome

infected by direct e}ctension from these sitt:!;:; and in ,o":'Jt1ersl

invasion of the bloodstream may occur espec i \l.lly via t.h,la

umbilicus or abrasions on the skf,n, certain :;,~iskfact,,:);csa.re

assoc.iated with the deveLopment; of sepsis, .itl(~t::.ably' LBW, PHOM,

traumatic delivery, asphyxia, the use of Lnvasdve monitt~)ring

technjLques, maternal peripart'llm infection anl'l possibly

maternal use of steroids.

2.3 Postnatal Infection

D3bies maybecome colonized after birth by varia s means

involving either humancarriers or contaminated ma'terials or

equipment. Hands of hospital personnel are at significant

means of transmission of microorganisms as is droplet. spread

from the respiratory tract. Neonates may thus then develop

infection endogenously from invasion of acquired flora of the

skil1r respiratory tract and gut or from exogenously acqu.ired

microorganisms. Infection is especially l1kcly if the new-

born's flora is altered, antimicrobial therapy h? ling been

shown to be largely ree;ponsible for this alteration. 24 Babies

who maintcdn "normal" flora rarely become ini'ectc-i;d. III add-

ition, intense antimicrobial pressure such as is fuur,d in all
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ICUenccuraqes s~election of :r.'(!.~~istant or9atniisms. Disruption

of fJ,i5ltul::-al barriers .by catbe:cerization of ve~lsel$ and -the

passlage c,f endotracheal or nasoj ej enal tuhes predispose babies

to Jlosoc.::omialinfections, as aoes placement; of scalp Edect-

d d 1· . .. 2~:; 26ro .~s (lLn s \'.l.n J.tlc~Sl.ons 0' .. J, 'rrans tent 1,;lacteraemiahas been

shown to occur Ln babies who received endotracheal suct.Lonfnq,

Contaminated l:lolntions have often 1:een implicated in nursery

ouebreake espec i.a l.Ly in those inv()lving GNE\ such as P~~eudo-

monas, Serrat.ia and Flavobiacterhlltl, other resident bacteria

and fungi. Furth~:rmore, any baby whose naturally imlL\alture

i~mm'mesyst.em is further compxomf.sed, for example, by a p:t:e-

existing congenital infection, hypoxia, acidosis, skin or

mucosal lesions, is at risk for developing a nosocomial

infection.

'l:'here also appears to be an aaaccLatiLon between NEC, an

extensive inflammation of the bowel wall of unknownaetiology

'W'itha. high mortality occurring mainly in premature babies,

anc the isolation of nosocomlally acquired organisms. 27 NEe

L:i associated with the typical X-ray finding of pneumatosis

intestinalis. If this is absent, but the baby has clinicCi.l

signs in keepi.nq with a diagnosis of NEC, a diagnosis of

suspected NEC is made. Thoughbacteraemia is commonly

observed amongst babies with NEC, it is unclear whether this

represents a primary event or seconde>t'yi.Nasion of a comp-

romised intestinal epithelium. As the organisms isolated are.

also often inhabitants of the enteric flora, it has been pro-

posed that the presence of these bacteria represent secondary



9

bacteria! invasion. However, there is otihez e" idence that
implicates a causa~ relationship between bacteria and. NEC;28
cases of NEC of'ten occur in epidemics and the clinical
presentation of NEC mimics septicaemia with bacteraemia"
neutropaenia, shock and disseminated intravascular ooag-
ut.at.Lon. Alte}.t:;.'!:i.onsin the faecal flora of pat.Lent.swith NEe

have been reporb~d wit,h an imbalance l,etween pathogenic and
endogenous bacteria, the use of broad spectrum antimicrobials
being impl:!.)ted as th.ey often suppr.ess normal aerobic faecal
bacteria resulting in emergence of resistant organisms and
anaerobic bact.ez'La.lovergrowth. 29 .NEe also has certain simil-
arities with the errcer-otioxere i.asproduced by Clostridial spp.30
Babies with other forms of bowel pathology necessitating
parenteral nutrition are aLeo at an increased risk of acquir-
ing an hospital infection. In fact, organisms harbored in the
gastroint~stinal tract of patients are thought to be the main
source of nosoconf.al infections in :teu' s .31

Acquired infections may result in severe systemic disease that
lead to death or, if not. fatal, additional morbidity and pro-
longed hospital stay of the neonat~o

2.4 Clinical Presentation
An infected neonate may present wit.h "early" or "late" onse't.
disease. The former presents often as an fulminant, multi-
systemic illness during the first few days of life. Bacteria
rl2l.sponsiblefor early cuset, disease are acquired in utero or
during delivery from the birth canal whereas those responsible
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for late onset disease include those from the vag: Lal tract
and organisms acquired after bir~h from human contact or
contaminated ~guipment or materials. Thus some organism~,
such as ~ coli. and GBS, may be responsible for both early and
h·,te onset disease, whereas others.;such as :e.~aureus and
Pseudomonas spp, are usually only associated wit.h late onset
disease. Infants with late onset; disease may have an history
of obstetric complications but: this is not as common as in
those with early onset dis~ase. They also have a lower
mortal ity rate than infants with early onset disE~a!se,10% to
20% vs , about. ",%,premature babies and those with meningitis
hnving a worse prognosis.32

3 e EPIDEMIOLOGY
3.1 Occl.'r-rence
It is estimated that as many as 2% of foetuses a.rEIinfected in
utero and up t.o 10% of infants are infected during delivery or
in the first few mcnbhs of life, though nosocomial infection
rates as high a s 25% have been report~.:dfrom some neonatal
ICU's.33 The incidence of bacterial sepsis varies from less
than 1 to 8,1 cases per 1 000 live births, meningitis being
present in about a third of these cases.21 LBW babies have an
increased incidence of sepsis compared to larger babies. In
one study, babies with birth weights of 1000g to 15()Og had
twice the rate of infection compared to those with klirth
weights of 1500g to 2000g and eight times that of infants
weighing 2000g to 2500g.34 The incidence of sepsis .isalso
increased in babies born to mothers with peripartum fever,



1],

ehorioamnionitis or PROM and in babies with asphyxia.35 There
is an increased incid~nce of bacterial sepsis acquired during
delivery or in the nursery amongst male intants, though there
is no such sex difference amongst those babies with intra-
uterine lnfectiorts.36 Black i..nfantsare more predisposed to
sepsis but whether this is a reflection of the increased rate
of prematurity found amongst this population or their
geneTally lower socioeconomic status is not clear.16

3.101 Prolongeq BypturA o~ Membranes Prolonged interval
betwe. -n rupture of membranes and birth is associated with an
increased incidence of infection in both the mother and her
newborn in~ant, and with an increased perinatal mortality rat~
(see fig. 1.1) ,37 However, the vast majority of babies at
risk do not develop any clinical evidence of infection. Only
1% to 6% of babi&s born to mothers with not just PROM, but
also clinical ohcr Lcamnf.oni.tLs become infected. 38 In fact,
the majority of women who deliver babies who develop infection
have no clinical evidence of infection themselves during
labour. Further analysis of the subpopulations of women with
PROM whose babies develop sepsis suggest that in these cases
the amniotic fluid was already contaminated prior to the
membranes having ruptured and that delayed del:i.veryp_er §.§. was
not the cause of infection.39 Similarly, tocolytics used in

premature rupture of membranes to delay delivery of an
immature foetus may result in the newborn being infected, but
this probably only occurs in the woman who already had
bact.er-Lal contamination of the amniotic fluid. Certainly r
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Fig:I.1 Perinatal lnfectlcn Rate
Associated wlth PROM
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bacteria in the amniotic fluid or endocervical canal may be
responsible for the initiation of premature labour via the
release of phospholipase A2 which results in the production of
prostaglandins.

"Offensive" babies without PROM have not been shown to be at
increased risk for.infection in the newborn, the odour merely
reflecting the presence of anaerobes in the amniotic fluid.40

A five minute Apgar score less than 6 in the presence of PROM
is a strong prgdictor for neonatal infection. One study
sho~~d that 27% of premature babies with PROM and a~phyxi~

t' 35were sep J.C. However, other obstetric causes of asphyxia
must be ruled out.

3.1.2 Necrotisinq Enterocolitis NEC is reported to occur
most commonly amongst premature babies nurst=d in high care
areas with an average birth weight of 1400g to 1500g and
gestational age of 30 to 32 weeks.41 Incidences vary from
hospital to hospital ranging from 2% to 7% with an overall
mortality of 20% to 40%. Bacteraemia has been documented in
about 30% of babies with NEC, the most common organisms
recovered including ~ coli, Klebsiella spp, ~ aureus or ~
epidermidis. ~ faecalisr Clostridial and Pseudomonas spp.28

3.2 9rganisms Involve~
The types of bacteria responsible for neonatal sepsis have
been changing with time; prior to the advent of sulphonamides,
Gram positive cocci caused most neonatal sepsis.42 With the
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advent of antimicrobial agents, Gram negative enteric bacilli,
especially ~ coli, became the predominant cause of neonatal
sepsis. In the 1960' s, GBS becarse an impo:r.tantcause of neo-
natal infections in developed countries, accounting for up to
a third of bacter i 3.1sepsis with an azt.ack rate of 2,0 to 3,7
per 1 000 live births.43 With the advent of sophisticated
life-support systems in neonatal leU's, staphylococci and GNB
togethe:r with fungi have again become important causes of
nosocorai.aj,infections. Epidemics associated \vit,h contaminated
solutio~s and equipment due to Proteus, Klebsiella, Serratia,
Pseudomonas and Flavobacteria spp have been of increasing
concern. Recently ~ epidermis has been implicated as an
important cause of nosocomial sepsis.44 The bacterial aetiol-
ogy of neonatal sepsis also varies from hospital to hospital
and from one courrcry to another. In Nigeria, for example,
Salmonellae and ~ pneumoniae are the most Lmpor-tiant;causes of
neonatal meningitis, and Klebsiella spp and ~ aureu~ of bact-
eraemia.21 While infections due to GE,s are a majcr cause of
neonatal morbidity and mortality in developed countries, it is
uncommonly found amongst babies born to mothers in third world
countrie.s.45 In addition, new strains of bacteria may appear
spontaneously in the same hospi.tal without there having been
any change in nursery practices or antimicrobial usage.

4. DIAGNOSIS
The diagnosis of systemic infection in the newborn is diff-
icult to establish on tile basis of clinical findings alone.
A history of risk factors associated with the pregnancy or
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delivery may be present. Clinical signs of sepsis are often
subtle and nonspecific initially but may rapidly progress to
more obvious signs. Isolation of microorganisms from a
significant source such as the blood, CSF, urine, other body

fluids or tissues remains the most valid method of diagnosing
bacterial sepsis, Organisms isolated from other sites such as
the pharynx, stool or umbilicus, indicate colonization and do
not establish the presence of active sy~temic disease.

4.1 Blood and CSF cultures
Cultures obtained from blood or CSF are a reliable means of
identifing the neonate with sepsis, one study giving a
sensitivity of B7% and specificity of 96%.46 The frequency
with which organisms are isolated in newborns with unequivocal
signs of sepsis may be decreased though if the mother was on
a~timicrobials prior to or during labour, if the baby was
already partially treated and if techniques used to obtain the
cultures were suboptimal. It has been suggested that two
specimens of blood of at least O,2mls should be obtained in
the neonate suspected of being septic.47 Cultures of blood
taken from the umbilical vessels are not reliable as they
are often positive when those obtained simultaneously from
peripheral veins are negative.48 Bdcteraemia may occur in
some newborns without signs of sepsis. The incidence of this
asymptomatic transient bacteraemia is not known as blood
cultures are rarely taken from well babies.

Blood cultures may be n~gative in up to 15% of babies with
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culture proven bacterial meningitis; a lumbar puncture should
thus be performed in all cases of suspected sepsis especially
as babies seldom manifest with clinical signs of roeningitis.49

The cell count and protein level in the CSF's cf normal new-
borns is higher and the glucose level lower than that of older
children making the diagnosis of meningitis using these para-
meters difficult.50 In addition, microorganisms have been
cultured from the CSF in the absence of pleocytosis.

4.2 Laboratory Aids
White blood cell counts (Wee's) are of limited value in the
diagnosis of septicaemi~ of the newborn. Total leukocyte
counts are normal in a third of infants with culture proven
bacteraemia and conversely less than half of those with low or
elevated cell counts (normal=5 000-30 OOO/ml) are ultimately
identified as being infected.46,51 The neutrophil count,
especially neutropaenia, though more reliable than the total
wee, is not an infallible predictor of sepsis either, While
very specific, immature neutrophil counts (bands :s ...t meta-
myelocytes) are not sensitive in identifyin~r the infected
neonate. 52 However, ratios of immature to mature neutrophils
of greater than 0,3 have shown excellent correlation with
serious bacterial disease with a 93% sensiti.vity and 95%
specificity. Reduction in the number of platelets (normal=
100 000-400 OOOjml) has been shown to be an insensit.ive, non-
specific and relatively La'ce indicator of bacterial infection
in the newborn period, only half of newborns with culture
proven bacteraemia developing thrombocytopaenia often one to
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three days after serious illness is already apparent.53 other
conditions such as birth asphyxia, maternal hypertension and
meconium aspiration, may also "'.;assnc:iated with depressed
platelet count.s

Acute phase r.eactants s'Llchas C-reactive protein (CRP), fibri-
nogen, haptoglobin ah· urosomucoid have been evaluated in neo-
natal s~psis. Though the reliability of CRP as an indicator
of neonatal infection is increasing with improved laboratory
techniques, about 15% of cases would be missed when used alone
as a test fo~ sepsis.54 It is thus most useful when tsed to-
gether with other laboratory tests in identifying the infected
neonate. The microerythrocyte sedimentation rate (ESR) though
elevated in most case of infants with systemic illfb-:tionand
normal in noninfected cases, may be falsely raised in infants
with Coombs positive haero?lytic disease and falsely low in

cases of septicaemia asuoc i.atied. .;th disseminated intra-
vascular coagulopathy.55 Fibrinogen, haptoglobin and oroso-
mucoid level;;;have not proven to be very reliable in identify'"
ing the infected neonate.51

New techniques for detecting the presence of microorganisms
in body fluids such as the limulus-lysate assay for endotoxin
and counterimmunoelectrophoresis for bacterial antigens are
bl!!ingevaluate in the newborn. 56

5. FESI3TANCE PATTERNS
Extensive u~e of antimicrobials as found in an rcu results in
elimination of susceptible strains and allows proliferation of
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resistant ones. Thus there is a selective pressure towards

cof.onf.aat.Lon by microorganisms that are resistant not orlly to

the antimicrobial agent,s used in the unit bl.lt, because of

cross resistance patterns, to other similar drugs. These

changes in a'l'ltimicl:'ob.:talsUGceptibility are usually plasmid

mediacr"f!and have occurred notably with aminoglycClsides.57,58

Resistance in these cases is usually due to specific amino-

glyc(;.side i:1ac+.:.ivatingbacterial enzymes, those that, for

example, hydrolize tobramycil1 not being effective aqai.net;

qerrt.ami.c.Ln, Amilcacinis a poor substrate for these enzymes

but cmtbreak:?!due to amikacin-resistant enteric organisms are

bein9 increasin'.lly reported. Resistance to cephalosporins due

to ,8··lactams ;.9 also of increasing concern. Once.entrenched,

t:hese resistant bacteria can be exceedingly diff1tmlt to

eliminate from the envfronmerrc, 59,60 The prinoiple rece~roir

of infection is thought to be the faecal flora ,,:.e infants i

colonization rates with resistant org'flnisnls approar'hing 100%

in leu's during epidemics have been reported.61
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1 e j3ACKGROUNQ

1.1 Baragw~nath'~ Ne.~natal Unit
Baragwanath Hospital serves the area of Soweto, which has an
estimated population of two million. Ther~ are approximately
22 000 bir-ths per year at Baragwanath's Maternity Hospital.
}m additional 12 000 babies are delivered at the SOiYeto
clinics ~very year, and there are some 2 000 'rome delivel:ies.
Thus, altogether there are about 36 000. deliveries per yeC'.l'in
the greater Soweto area, for whi.ch Bsragwanath is the only
hospi tal, Approximately 2 000 neonates per year are refer.:red
to the Baragwanath Maternity Hospital after delivery, the vast
majority being from the clinics and from home delh1eries but a
small number are referred fr<nn elsewhere.

About 14 000 babies are seen and assessed by the P('.ediatric
medical staff (registrars or medical officers) i.n the labour
ward (LW) ~very year. Well babies with birth t\reigllts>2000g
are tran~terred w.it.h their mothers to the postnata::' wards.
Babies with birth weights <.20oog and all sick bdbios are
admitted to either:-
a) thl~ Intensive Care Unit if requiring ventil ac.i.on(leU)
b) t.he high care area (Transitional Care Unit) (TeU)
c) t:hl3 intermediate care areas, wards 66 or 67.

The rei) has facilities for 12 ventilated babies and runs at
100% occupancy most of the time. '1'11e Teu is .Yl th(~ same area
and has 20 to 35 babi~s in it at anyone time, with a daily
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average of 24 babies. The I:>fficialbed status is 18. At the
o'ther end of the lllat'"'t'nityhospital are wards 66 and 67. They
officially have 30 and 25 beds respectively, but on occasions
mozo 'chan 50 babies can be found ill either warCiv with a daily
average of 40 per wElrd. There are two additional neonatal
wards in the main section of the h~spital, wards 40 and 42, to
which stable premature infants are sent from wards 66 and 67
solely for weight gain.

Ap~roximately 3 5uO babies (a quarter of all those seen) are
admitted per year to the Neonatal Unit. An additional 4 750
babies per year sent: to their mothers are continued to be seen
by the neonat~logy staff. In addition, there are about 100
deaths in the LW per year of neonates ccns i.der'edto be viable.

1.2 Antimicrobial Policies
Indications for initiation of antimicrobials in this Unit
during the first 12 hours of life following a septic worK-up
are:-
a) respiratory distress
b) babies born following prolonged rUl9ture of membranes

(.>24hours)
c) babies with ofLsnsive liquor at birth
d) other clinical signs suggestive of infection.

If a congenitally acquired bacterial infection is suspected,
first line antimicrobials consisting of penicillin (200 ooau/

I<g/day) and an aminoglycoside are used. Prior to ,~iuly1989
the a:minoglycoside used was gC"(Atamicin (5mg/Kg/day) but once
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it was established that there was a high rate of gentamicin
resistance amongst the congenitally acquired GNB (see below),
amikacin (15mg/kg/day) was introduced as first line therapy
for all babies admitted to the leu and TeU. By Oct~ber 1989,
it tias the only aminoglycoside in use in the Neonatal unit.
If a nosocomially acquired infection is suspected, the baby is
put onto second line antimicrobials. Prior to 1989 this
consisted of a:mikacin and cefotaxime (100.ng/kg/day) but \iith
t,he advent of cefotalcime-resistant GNB (sf~ebelow) the
cephalosporin used was changed to ceftazadime (10omg/Kg/day).
By April 1989, GNB rE':::istantto all cephalosporins were
elilergingand it was q,ecided to change t.he second line anti-
microbials to amikacin and vancomycin (15mg/Kg/day), the
latt.er to cover for methicillin-resistant staphylococci and
multiresistant ~ faecalis (see below). However, ceftazadirne
would still be used if a CSF result was indicative of
meningitis as aminoglycosides do not penetrate the blood-
brain-barrier well. It was hoped that by restricting the use
of cephalosporins for a period, susceptibility to them would
be restored. Imipenem (6omg/Kg/day) was introduced to cover
GNB sepsis if the baby was not improving on amikacin alone.
With the emergence of amikacin r83istance (see belc~y), it was
decided in April 1990 to use the cepha'loepczLns more liberaJ.ly
again L, e. when the organism isolated was shown to be suscept-
ible to t.hem, Antifungal therapy was only instituted once a
blood, CSF or suprapubic urine culture conr.i.rmed the presence
of a fungus. It was never used on purely clinical suspicion,
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Some 2 600 babies per year (nearly 80% of the admissions) are
suspected of having a congenital bacterial i',lfection,cultured
and put onto first line antitrdcrobials. Approximately 550 of
these babies are admitted to 'theleU, 850 to the TCU and 1 200
to wards 66/61. In addition, about 400 babies per year with
prolonged :rupture of membranes or offensive liquor but other-
vlise well are cultured, put orrco antimicrobials and sent to

the postnatal wards to room Ln with their mothers.

Approximately anoth.er 1 500 blood cultures pp.r year are sent
on babies suspected of having nosocomial infections, about 500
from babies in the leU, 400 frOJll the 'reuand 600 from wa:,':d.s
66/67.

About 800 CSF cultures are done per year, mostly on babies
suspected of having nosocomial infections; 250 come from
babies in the lCU, 200 from the TCU and 300 from wards 66/67.

The origins of these figures are explained below in section
3 .4 under "METHODS".

2 • AIMS OF .THE STUDY

The incidences of perinatal bacteremia and nosocomf.al infect-
ions amongst the neonates admitted to Baragwanath's Neonatal
unit had not previously been documented~ nor had the frequenc-
ies of the various organisms, susceptibility patterns or out-
come of these pati.ents been recorded. The aims of this thesis
thus were:-
1) to estabJ.ish the incidences of perinatally and nosocomially
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acquired infpctions in this popu~ation.
2) to identify the weight categories at risk for infection and

other clinical factors that predispose to septicaemia, and
to ascertain the frequency of meningeal involvement. Morb-
idity and mortality associated with these infections were
also exami.ned ,

3) to analyze the o:rganisl\'$involve'], their susceptibil ity
patterns and seasonal variations, and to postulate on
possible mechanisms for changing a,'~timicrobial suscept-
ibilities.

4) to revietv the literature on the experiences of other
neonatal units and to compare them wit.h these data from
Baragwanath Hospital.

The information from this epidemiological report should prove
to he valuable in enabling logical antimicrobial policies to
be formulated in view of ever changing susceptibi.!.ity patterns
of organisms especially as are found in lCU's and other high
care areas.

3. METHODS
3.1 Ethical committee Approval
The study was approved by the committee for Research on Human
Suhjects of the University of the Witwatersrand. No. 3/10/90

3.~ .£Q_ecimencollection
Blood and CSF cultures taken frcm babies suspected of being
infected were taken at the attending doctor's discretion
together with full blood counts (Foe's), following which anti-
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microbials currently recommended were commenced. Only if'
organisms were isolated with susceptibility patterns not
covered by the present treatment or the infant's condition
deteriorated was the antimicrobial therapy altered.

303 Laborator~ Methods
Blood culture bottles Ws,'!'J:'O processed by using radioactive
Bactec 660 instrumentation (Becton Dickinson) (Johnston Lab·-
oratory Incop. cockeysville, Maryland) foll'owing recommended
procedures. cultures that gave a posi tiv« signal were Graln
stained, subcultured onto 5% horse blood, chocolate and
MacConkey agar, incubated for a week and inspected daily for
bacterial growth. Bacterial colonies were identified using
standard methods and resistance patterns established by the
Kirly-Bauer disc diffusion te<:'hnique.62Minimtlm inhib-itoZ'y
(MIC t s) and md r.Lmum bacteriocidal concentrations (MBC I s) were
obtained on resistant organisms when possible. These assays
were performed llsing NceLS criteria.62a

3.4 Data Collection
Data on all positive blood and CSF cultures with their
resistance patterns were collected prospectively from January
J.989 to December 1990. If an organism was isolated more than
once from the same site at different times from a patient,
only the first culture was recorded, unless different
resistance patterns were demonstrated when they would be
counted as separate strains. This; together with details of
the babies from whom these cultures were obtained i.e. date of
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birth, birth weight, sex, ward admitt(,d to and outcome, were
entered into a computer data base using the "dB1!SE I!I PLUS"
program (Ashton Tate corporation, Tor:tence, California, 1988).
CnH,.ures obtained before 72 hours of life were considered to
be congenitally acquired or "early onsot" infections and those
obtained later nosocomially acquired or "late onset" infect-
ions except for those of GBS when the internationally accepted
definition of 7 days was used. Further information such as
the total number of babies admitted to the unit, cheir birth
weights, wards admitted tOr disease profile, antimicrobials
used and outcome was obtained from the data base on which all
admissions to the unit are being routinely entered. As this
system was only fully operational from October 1989, some
patient details are however unfortuna·tely missing. Inform-
ation required on those relatively well babies not admitted to
the Unit but seen by the neonatal staff in their mothers'
wards was obtained frG~ another data base.

The number of babies estimat(.·dto be born in the soweto
clinics and the number of home deliveries are taken from the
annual figures supplied by the Medical Officer of Health for
Soweto. As there are no official records on the number of
babies delivered at Baragwanath Hospital and not admitted to
the unit, such figures are taken from the Matrons' annual
reports, as are the number of babies referred to the Hospital
and all those seen by the medical staff in LW. 'rhe number of
blood culture.s ta'f.,en from babies in the Ui suspected of having
a congenital i.nfection was derived from the number of babies
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started on first line antimicrobials (see below). The total
number of blood and CSF cultures sent from babies in the unit
was obtained by counting the entries in the laboratory's file
but is only an estimate as the total was calculated from the

results obtained from counting the entries for only six of the
24 months. The number of cultures taken from babies suspected
of having a nosocomial infection would thus be the total
number of cultures s,:ntminus the number of babies started on
first- line antimicrobials. These fig'lreswere thought to be
important as the yield of positive cultures could tl;\enbe
determined.

3.5 Data Anal~is
The c('.~nputerprogram "Epi Infon (usn Inco:r:'porated,stone
Mountain, Georgia, 1990) was used to analyze the data.
statistical analysis of the data was performed by using chi-
squared analysis or Fisber's exact test when appropriate. A
signi.ficance level of P<O,05 was used.
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CHAPTER 3: RESULTS

1. PATIENT POPULATI~lli
1.1 Admissions
Table 3.1 shows the total nu.mber of admf.as Lcns to the unit
and deaths, including those that died in the LW, according to
birth weight dt,ring the two year study period. Babies are
categorized in 500g weight categories up to 2500g, those below
this weight being, by definition, of LBW. In 1989 there were
3 553 admissions and the fallowing year 3 386. The male to
female ratio was 1,2:1. The monthly numbers of admissions are
reflected in fig. 3.1.

The breakdown of admissions to the individual wards according
to birth weight for the two years is given in table 3.2.
Wards 66 and 67 are considered together as there were no sig-
nificant differences with respect to the number of admissions,
duration of stay, birth weight or severity of illness amongst
babies admitted to these wards. 'llhesefigures do not include
the deaths in LW as these babies died there before they could
be transferred to a ward.

It should be mentioned here, that any individual bahy titaybe
admi tted fr(')mone ward to another: for example, t: bah'l who

survives ventilation would be discharged from the leU '1.:'0 the
Teu and from there to wards 66/67. Equally 6 a baby in ward
66/67 whose condition deteriorates would be transferred to the
rcu or ten.
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Table 3.~ Mm;.ssions and n.aths by Birth weight

Birth Weights
l<looog 1000-14999 1500-1999g 2000-2499g >2499g ITotal-------~-+------~------~~~-------------------~-----------~-~-----+------,~~~a)1989

Total 124 580 1031
Deaths(%) 86(69,4) 195(33,6) 78(7,6)

573 1245 3553
59(10,6) 140(11,2) 558(15,7)---------+-~~.--------~-------------~----------~------------------+-~-------

bJ 1990 I
Total : 116 569 908
Deaths(%)I 82(70,7) 187(32,9} 69(7,6)

562 1231 3386
42(7,5) 141(11,5) 521(15,4)

Table 3.2 Admissions to Wards ~ Birth Weight
Birth weights

1000-1499g 1500-19999 2000-2499g >2499gwards 1<1000g ITotal---------+------------~------------------------------------------+-------.9J 1989
leU 10 217
TeU 101 403
66/67 39 4Q~

122
366
950

66
190
513

145
394

1079

560
1454
2983-------- ..+---------------~---------------------------------------+-------Total* 107 560 1025 557 1212 13461

bl1990 I
leu 4 226 129 81 150 590
TeU 102 440 338 214 404 11498
66/67 33 424 859 524 1109 2949---------+-------------------------------------------------------+-------Total* 102 5~8 898 558 1205 13311
*These are the overall numbers of babies admitted to the unit and will thus
correspond t.o the sum of the admissions to leU, Teu and Wds 66/67 since
transferred babies would otherwise be counted more than once
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An average cf 575 babies per year were admitted to the leU,
1 476 to the Teu and 2 966 to wards 66/67. LBW babies made up
64,3% (4355/6772) of the total admissions to the Neonatal
Unit, with those having birth ';.>leightsof 1500g to 1999g making
up the largest single category. LBW babies constituted an
even higher proportion of admissions to the ICU accounting for
74,3% (855/1150) of the admissions there. The largest weight
category there was the 1000g to 1499g category 'I'hebigger,
more stable babies with weights >2499g were usually admitted
to wards 66/'57.

Table 3.3a shows the mean durations of stay in the various
wards by weight category of all babies, including thos~ that
died, over the two year period, and table 3.3b of the
survivors. The babies with the longest average stay in the
unit were those with birth weights of 1000g to 1499g, staying
a mean of 35,0 days. However, if one only looks at the
survivors, babies with birth weights of <1000g stayed the
longest, an average of 69,5 days vs. 46,7 days for survivors
with birth weights of 1000g to 1499g. The average stay of
survivors with birth weights of <1000g in the Teu was also
much longer if the deaths are excluded (33,1 days vs. 16,9
days) .

1.2 Deat.hs
The numbers of babies in the different weight categories who
died are reflected in table 3.3.. Table 3.4 shows where these
babie~ actually died during the two years. Once again, a baby



29

Table 3.3 Ave~age Duration of ~Ita~ in Rays ~ Birth weight
Birth Weights

JOOO-1499g 1500-199Q~ 2000-2499g >2499g~vards 1<1ooog--------~---+--~---------~-~----------~-------------~----~--------~-~---alAI], .babies
reu 13.,:3(3-35) 9,5(0-64) 7,9{O-48) 5,3(0-36) 3,6(0-25)
TeU 16,9(0-71) 7,8(0-59) 4.3(0-37) 3,1{0-18) 4,4(D-97}

66/67 17,7(5-38) 18,8(1-79) 916(0-59) 7,5(0-77) 6,0(0-103)------------+-----------------------------------------------------------Total 127,0(0-98) 35,0(0-211) 19,8(0-128) 10,9(0-97) 8,7(0-153)
blSurvivors
reu 1.1,4(3-35) 11,7(4-64) 9,0(3-48) 5,9(3-36) 6,0(2-25)
TeU 33,1 (3-71) 8,4(1-'59' 4,4 (1-37) 3,0(0-35) 4,6(0-97)
66/67 18,1(5-38) 19,2(1-79) 9,6(1-59) 7,5(1-77) 6,1(2-103)~-----------+------------------,~-------------------------~~------------.Total 159,5(48-98) 46,7(14-211)20,5(1-128) 11,3(1-97) 9,0(2-153)
Figures ir. parenthesis = range of stay in days
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$i) 1",,989

Wards 1<1000g
Bir~h Weights

1000-1499g 1500-1999g 2000-24999 >24999 ITotal------+-------------------------------------------------------+--------lCU 5 (0) 123(50) 47(25) 18(9) 67(49) 260(133)
TCU 62 (34) 45(15) 23(8) 18(7) 26(16) 174(80)

66/67 2. (0) 7(0) 2. (0) 5(2) 12 (1) 28(:3)

LW 17(17) 2.0(20) 6 (6) J.6(16) 33(33j 92(92)

Misc.* 2.(0) 2 (0) 4 CO)------+-------------------------------------------------------+--------140(99)

Total

Total 1 86(51)
b) 19_9_Q

Wards 110~og

195(85) 7B(39) 59(34) 558(308)

Birth weight
1000-1499g 1500-1999g 2000-2499g >2499g------+-------------------------------------------------------+--------reu 110(42) 37(18) 22(8) 74(50) 1243(118)

rcu 68 (35) 46(18} 17(6) 10(3) 28(16) 1169(78)
66/67 10(0) 5 (0) 5(3) 11(0) 31(11)
LW 14 (14) 21 (21) 10(10) 4(4} 26(26) 75('75)
Misc.* :1( 0) 2 CO) 3(0)------+------------.------------------------------------------+--------Total I 82.(49) 107(81) 69 (34) 42(18) 141 (100) 1521(282)
*Babies dyi.ng in oth,sr W't.\CrlS e.g. wards 40 or 42
Figures in parenthe.sls ""<Aoaths before 3 days of age
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who is admitted to, for example, the Teu bllt then require'.s

ventilation and dies would be racorded as an admission t.o both

the Teu and reu .....nd a death in the. latter unit. The numbers

vf babies who died before th~ee days of age are also shown in
parenthesis. Of 'the total number. of deaths amongst babies

admitted to the unit during the two year st~udyperiod, 46,4%

(423/912) died in the f.lrst three days of life 1.el. 6349

babies survived beyond t~hree days. These figures are i.mport-

ant when analyzing nosocom.ial infections as these are., by

definition, acquired by babies older than three days. The.

mcrt,..,lity rates for the individual 'Nards according to birth

weights arc shown in fig. 3.2.

The average mortality of babies admitted to the reu was 43,7%

(503/1150), with another 5,6% (64/1150) of these babies dying

after discharge from the reu. This means that 49,3% (.567/

1150) of the babies requiring ventilat10n ultimately died.

Similarly, 11/6% (343/2952) of all babies admitted to the Teu
died there, most of them being babies w'ith birth wei.ghts of

<10COg as they are not l.·outinely ventilated i another 9. :.J.%

(270/2952) died e15ewhe:r:ebringing the total mortality to

20 ,896 (613/2952). Few babies d':'ed in wa.rds 66/G7. ThestO!were

largely babies with lethal congenital abnormalities or babies

\vith severe brain damaqe following asphyxia. On average,

70,OS6 (168/240) of babies 1;vithbirth vleights <1000g and 33 2%

(382/1J49) with birth \veights of 1000g to 1499g died, the

mortality rates for the remai.ning weight categories ranging
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Fig 3.2 Ward Mortalities. by Birth
Weight

M
o
r
t
a
J
i.,
Y

<1000~ 1000-14999 '50~-1999g 2000-2499g >2499g
i3irth Weigj1ts

_ LC.U. ~~~ T.C.U. [_jWds 66/67



32

babies with birth weights >2499g requirin~r ventilation had an
higher morality than would be expected (see fig. 3.2). The
total mortality of admissions to the Neonatal uni.t for the two
years was 15,5% (1079/6939). This 'translates to a mortality
of about 2,5% (1079/44000) of the total neonatal population at
'i:heBarag\"lanathfs t.faternityHospital or 1,5% (1079/72000) of
all births in the greater Soweto area.

1.3 Antimicrobial§
Table 3.5 shows the number of babies put onto the various
antimicrobials over the two year period. In order not to
include a baby several times in the analysis, once counted
under one ward's admission they are excluded from another
ward's admission. The to'tal number of babies on an anti-
microbial are only given for 1990 as the data for 1989 is
incomplete. The number of babies treated with penicillin
during the two years was used as an indicator of the numb9r
suspected of having a congenital infection. The number of
babies in 1990 put ont;o vancomycin was used ,to determine the
number suspact.ed of having developed a nosoccmf.at. infection.

ThUS, 90,7% (1043/115(1' of Ieu admissions, 82,4% (1152/1397)
elf babies admitted to the Tca and not r~quirin9' ventilation at
any stage and 71,4% (1747/2446) of babies only admitteu to
\Mrds 66/67 were put onto first line antimicrobials. 27p9%

(1.65/590) of babies admitted to the ICU (35,0% (165/472) of
those that survived for more than threo days) were suspected
at some point of having a nosocomial infection and put onto
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'I(, 0

/1

Drug
Wards+--------------------------+--------------------------------

1
1989 leU

n=560
Teu 66/67 11.990 leu
n=381* n=741* n=590I

Teu 66/67 Total
n=1016 n=1705 n::;:3311

Penicillin-~-----~-----~+,~~-~~~---~~--~-----~------+-----~-~--~----~-----~---~----~-
Gentamicin
Ami.kac Ln

vancomycin
Cefotaxime
Ceftazadime
Imipenem

512
276

386

119
27

42

J.8

318 528

47
4

97

834

36~
118
10
56

o
1219

o

2584
11

2703

402

18 46

83 364

531
11

561
165
18 .

2

o 39

1278
119

78 231
19 60

246 197

* Only datia for september to December available fox: TeO anti Wds 66/67

42
8

7

1
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second line antimicrobials. of those babies admitted to the
Teu but never requiring ventilation at any time and surviving
beyond three days! 12,6% (118/938) were suspected of having a
nosocomi.aL infection. Only 7,0% (119/1694) of babies admit:ted
solely to wards 66/67 were commenced on second line anti-
microbials.

1.4 Summary
Table 3.6 is a summary of the relevant featllres of the three

1,\

main neonat.al wards as mentioned above. The proportion of
babies aclmitted to the rcu or Teu who were of LBW were sig-
nificantly greater than that of the babies admitted to wards
66/67 (P<O, 0001). Not unexpectied'ly, the mortalities in these
wards were significantly higher than that in wards 66/67, and
so vlere the proportions of babies that died before reaching
three days of age (P<O,OOOl). Even though most of the babies
"Jere admitted directly from the LW, babies admi tted to wards
66/67 were significantly older than those admitted to the lCU
or Teu (P<O,OOOl). The percentages of babies on both first
and second line antimicrobials decreased significantly amongst
babies admi.tted to the reu or Teo or wards 66/67 (P<O,OOOl).

Babies admitted to the TeO stayed there for a significantly
shorter time than babies admitted to the leU or wards 66/67
(P< 0 I 0 00 1) •

nur i.ne the t\'/ovears of studv there were 123 cases of nroven
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T~ ;~ ',.§_ Q..o.mparisonof trul Neonatal Wards

I lCU I TCU I Wds. 66/67
-----------------------+-----------------+-----------------+----------------
Av. daily bed status
Av. admissions/year
M:F
Mean age (range)
% LBW
Birth \\Teight(lnean+/-SD)
Mean duration of stay:

all babies (range)
survivors (range)

Total deaths (%)
% Deaths <3 days
% on 1st line A/M
% on znd line A/M

I')t.
575

1,2:1
3u5(0-134) days74,3
1955+/-8309
8,9(0-64) days
9,6(2-64) days
503 (43,7)
49,9
90,7
34,9

24
1476
1,2:1
4,O(O-89} days
72,9
1978+/-860g

6,1(0-97) days
~g3(1-97) days343 (11,6)
46,1
82,4
12,6

40
2966
1,3:1
4,4(0-120) days
63,1
2267+/-800g

9,4(0-103) days
9,4(1-103) 'days
59 (lrO)

23,7
76,8
7,0
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NEC, an incidence of 1,9% (123/6349) of all babies admitted to
the Unit surviving beyond three days. There were also 197
cas~s of clinically suspected NEe, an incidence of 3,1%. The
data in table 3.7 shows that the highest incidence of proven
NEC occurred in the babies with birth weights of 1000g to
1499g, 7,4% (73/9:~). The highest incidence of suspected NEC,
15,0% (21/140), occurred in the babies with birth weights
<1000g who survived beyond three days •

2.2 Mort:ality
Babies with proven NBC had a mortality of 74,0% (91/123) and
those with suspected NEC a significantly lower mortality of
40,6% (80/197) (P<O,OOOl). As seen from table 3.8, babies who
developed proven NEC and had birth weights <1000g had the
highest mortality, 80,0% (4/5) and those with birth weights
>2499g the lowest, 33,3% (2/6). The mortaliti~~ of babies
with suspected NEC showed a similar trend i.e. decreasing with
increasing birth weights.

2.3 P~~teral Nutrition
In addition to those babies with NEC, several other babies
with gut pathology, such as congenital lesions, and babies
with a prolonged ileus as found in those with severe lung
disease requiring high pressure ventilation, were placed on

parenteral nutrition. There were an additional 69 such babies
during the two year study period on parenteral nutrition.

h CONGENITA~ g;RAM POS1'I'IVEINFECrr'IO~S
3.1 Group- ~ ptrep-tococci



Table 3.7 Babies Eith ~ecrotising Enterocolitis ~ Birth weight
Birth Weights

1000-149~g 1500-19999 2000-2499g >2499gNEC l<looog------+--------~------~-~~---~--~-~~-~-------------~--~-~-----+-~--------.ITotal
Proven 5(3,6)
? NEC 21 (15,0)

37

73(7,4)
85(8,6)

30(1,6)
41(2,2)

9(0,S)
20(1,9)

6(0,2)
30(1,3)

123(1,9)
197(3,1)

Figures in parenthesis = % babies surviving beyond 3 days who develop NEC

~~ble 3 \!..~ •. Deaths from NecrotisillS( Enterocoli tis ~ ~q Weight

Birth Weights
1000-1499g 1500-1999g 2000-2499g >2499gNEC 1<1ooog------+-------------------------------------------------------+----------.ITotal

Proven 4(80,0)
? Nl;I'" 10(47,6)

57(78,1)
47(55,2)

5(55,6)
7(35,0)

2(33,3)
5(16,7)

23(76,6)
11(26,8}

Figures in par-err'esis = % mortality of babies with NEC

91(73,9)
80(40,6)
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3.1.1 Occurrence There ware 141 babies with cultu:re proven
early 0nset GBS bacteremia during the two ye~~ study period;
139 positive blood and 11 CSF cultures, two of the CSF
cultures not having an associated positive blood culture. All
except three of these cultures were obtainAd at birth. The
number of cases per month are reflected in fig. 3.3. There
were 74 cases in 1989 and 67 in 1990. Even though it appeared
that there was an increase in the number of patient.s with
early onset GBS i1 :fections during the Wil'ltermontihs (83/141)
(63,4%), this was not confirmed statistically probably because
an 11nusually high number of cases occurred in Novemb~r 1990.
As there are about 36 000 deliveries in the Soweto ar-ea per
year, this would give an annual incidence of GBS bacteremia of
1,9 cases per 1 000 live births.

There were equal numbers of males to fema.les. 'rhe mean birth
weight of babies from whom GBS were isolated early on was 2458
+/-877g (median 2500g, range 770-4800g). The breakdown of the
wards to which these babies Were admitted according to their
birth weights is shown in table 3.9. 35,5% (50/141) of the
cases were babies admitted to wards 66/67 with mild resp-
iratory signs, 26,2% (37/141) necessitated admission to the
Teu and 22,7% (32/141) had such severe respiratory distress
that th,ey required ventilation. The remaining cases were well
babies with PROM or offensive liquor that were sent to their
mct.hez-s (12,8!'0)(18/141) or babies that died in the LW ward
prior to admission (2,8%) (4/141). GBS were isolated early on
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Fig 3.3 Group 8 Sreptococci
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Table 3.9 P""tients with Early onset grou..R~ ~treptoc()l'Jca:t. p~etereUlia

Birth l'7eights
1000-1499g 1500-1999g 2000-2499g >2499g ITotalWards 1<1000g------+-------------------------------------------------------+------------leu 9(2,0) 6(2,4) 4(2,7) 13(4,4) 32(2,8)

TeU 3(1,5) 9(1,1) 7(1,0) 3 (,7) 15(1,9) 37(1.,2)
66/67 1(,1) 5 (,3) 1:5(1,5) 28(1,3} 50 (,8)
LW 1(3,2}* 2(4,8%)* 1(6,2)* 3 (7)'<lt* 15(7)** 22(7)------+--.-----------------------------------------------------+------------Total I 4 (1,6) 21(1,8) 19(1,0) 26(7) 71(7) 1141{'?)
Figures in parenthesis = % admissions ~jit:h early onset GBS bacteremia
* = babies that died in LW
** = exact denominator not known as tile;:seare babies sent to 'theirmothers

Table 3.10 Risk Factors for Developi:qg: Grou"p'~ streptococc&l Bacteremia

ITotal (1990) 'With GBS(%) I p value I O.R.n=3386 n=b7-------------------+----~--------+--------~--+---~-----+--------+-----~~-~--
95% C.L.

Maternal age: <20y 584 12(2,1) 0,88 1,05 0,53-2,03
II >30y 1034 10(110) 0,005 0,39 0,19-0,80

Gravidity: Gl 1077 23(2,1) 0,65 1:12 0,65-1,92
>G3 843 11(1,3) 0,14 0,59 0,29-1,16

NVD 2745 56(2,O} 0,59 1,19 0,60-2,42
Asphyxia 698 31(4,4) <0.0001 3,42 2,65'-5,72
PROM/offensive 704 15(2,1) 0,74 1,10 0,5"-2,03
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addition, GBS were isol«ted from 4,5% (4/88) of babies with
birth weights <2000g who were seen in LW but died there before
having been admitted and from 2,3% (18/800) of the well babies
with birth weights >1999g cultured for PROM or offensive
liquor and sent to their mothers on Itimicrobials. Thes~
orgilnisms accounted for 2,8% (32/1150) of the adm~ssions to
the leU, 1,3% (37/2952) of.those to the'.'(..~T and they wex's on.ly
isolated from 0,8% (50/5932) of babies admitted to wardG
66/67. l>foreimportantly, GBS were only isolated in 2,7% (141/
5200) of babies cultured for suspected congenital infections,
the highest yield being am::mgst babies admitted to the leU

with suspected congenital sepsis, 3,1% (32/1043). GBS
appeared 11::0 be a more common cause of illness amongst the
bigger babies, 4,4% (13/295) of the babies with birth weight.s
>2499g admitted to the leu having GBS septicaemia compared to
2,2% (19/855) of babies with birth weights <2500g (P=O,05).
However, if all births in Soweto are ~nalyzed then GBS were
isolated signif~cantly more frequently from babies with birth
weights <2000g compared to bigger babies, 44/3328 (1,3%) VS.
77/68672 (0,1%), there having been about 72 000 deliveries in
the Soweto area during the two year study period (P<O,OOOl,
O.R.=9,47, 95% C.L.=6,52-13,74). As the exact number of
babies with birth weights between 1999g and 2500g born in
Soweto is not known because only babies with birth weights
<2000g are routinely adrnitt~d for weight gain, the incidence
of GBS for LBW bab~es defined as a birth weight. <2500g Gould
not be determined.
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3.1.2 Risk Factors Further clinical data were available on
the 67 babies that had GBS bacteremia during 1990. The
motiher t s age and gravidit.y, the mode of delivery t wht:...ther
there was PROM or offensive liquor and the baby's apgar score
were not~d. Compared to the data available for the rest of
";he admissions to the Ne(:matal Unit, the onJy predictor for
the presence of GBS infection was the pnesence of asphyxia,
46,3% (31/67) of the babies from -whon GBS were isolated wert!
asphyxiated compared to 20,1% (667/3319) of those 'without GDS
(p......C,0(l1~. The latter percentage would, of c...urae , be much
lower if &11 the uncomplicated deliveries that occurred in
Soweto during that year were Lncluded , i.e. 1,9% (667/35933),
making asphyxia an even more significant association with ~BS
sepsis (P<O,OOOl, O.R.~65,03, 95% C.L.~3v,81-10B,84). Also,
older mothers were less likely to deliver a baby with such an
infection (see table 3.10). Nei.ther the presence of PROM or
offensive liquor, vaginal delivery vs. delivery by Caesarian
section, nor the mother's gravidity were predictors of GBS
bacteremia in a baby requiring admission to the Unit. How .....
ever, if one included all the other deliveries that occurred
in Soweto during that year in the anal.ysi,sand assuming that:
all babies with PROM or offensive liquor we.re referred to
Baragwanath Hospital, then the presence of these conditions is
associated with an increaSed risk of the b~by having early
onsr~ GBS sepsis~ 15/704 (2,1%) VS. 52/35296 (0,1%) (P<O,OOOl,
O.R.=14,76, 95% C.L.=7,92-27/~2). Similarly, GBS sepsis &. ,~)

occurred much mc.r~ frequently amongst babies born by Caesarian
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aecti+en than vaginally, 11/641 (1,7%) 'Is. 56/35359 (0,1%)

(P<O,OQ{)1, O.R.:::;1l.04, 9M; C.L.=J.5,42-:n,81), as deliveries

occurring outside ~chehospital must have be,~n vaginal.

a 0 1.s ;t1..Qb.t'l-J. ity Thirty-three babies with GBSba~teremia

died, a martali ty of 23,4%. This organism was responsible for

3~1% (33/1079) of all the deaths in the Neonatal tJni,t. 'I'he

'l:lar<isin which the babies dJ.ed according to their birth

'Vleight.s are reflec'.;ed in table, 3.11. 'l~hehigh~st lnortality

was amongst babi(!;;s ad'rd.t.ted to t.he leU, 65,6% (21/32) of those

with t:;BSbacteremi.a died. Babies with birth weights <2000g

had a significantly higher mortality than Iflt'ger babies, 22/44

(50,0%) vs , 11/97 0.1,3%) (P<O,OOOl). This is also confirmed

by the fact ·t.hat the mean birth weight of babies that died

from GBSinfe(.~tion was significantly less than that of babies

that survived, 13t!:7+/ J42g (median 1629g, range 770-3384g) vs.
2644+/-831g (median 26629', range 850-4800g) (P<O,0001). The

contributions to the mortality amongst the various wards by
ems infectionE: according to birth ,.reight is shewn in fig. 3.4.

It can be seen that GBSinfection if:' a less important cause of

death at berth eJctremes of birth weight, aocourrt.Lnq for only

1,2% (2/168) of t.ho. deaths amongst babies with birth weights

<10009 and t., 8JJ (8/281) amongst t}',()sa W.it:1 birth weights

>2499(;:] vs , 6,1% (9/147) amongst those. wit.h bi.rth weights;

between 15('0 to 1999g (p=O, 007) • It 'V-~asresponsible for 4,2%

(21/503) of the deaths in the ICU, 2,0% (7/343) of those in

the ~['CU, ~,6% (1/59) of thoS9 :in \V'(;I,rds 66/67 and 2,4% (4/167)
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Tabl~ 3.ll_ Deaths dt,.e .t.o Gro'UR...1lSi;.~~Rt<)90CCi by Birth W8_ight

Birt.b. lV'eight~
Wards 1<1000g 1000-14999 1500-1999g 2000-2499g >2499g ITotal------+-------------------------------------------------------+------------reo 6(66,7) 5(83,3) 3(75,0) 7(53,8) 121(65,6)

66/67

LW

1(33,3) 2(22,2)
1(100)
2(100)

3(42,9) 1(6,7) 1(18,9)
1(2,0)
4(lB,2)

TCU

1(100) 1(100)______+ .0 + _

Total I 2(50,0) 3(1.1,5) 8(13.,3) 33(23,4)

Figures in parenthesis ~ % mortality of babies with early onset GBS

Pt Weight Sex Ward Spec. date S/C CSF Micro Died----------------------------------------------------------------------------'l'.K. 2:.160 M reu :~7/04/89 Y. no cells prt 0,9 glu 5,0 YX.M. 3U24 F 67 15/05/89 Y N400 L40 prt 2,£ glu <1 N
S.N. 3340 F TCU 03/06/89 'I. bloody y
M.L. 1300 M leU 13/06/89 y N30 L10 prt 1,7 glu 3,6 I-t
J.H. 3350 P TCU 1'3/07/89 N N5 L7 Ri260 prt 1,9 glu 4,8 NM.e. 2300 F leu 04/10/89 y. bloody Y.
r. M. ::'920 M leu 10/10/89 y. N20 L30 R3 pr't. 3,2 glu <1 Y
N.M. :-j500 F Teo 16/12/89 y N1200 L4 RO prt 2,2 glu <1 N
T.L. 3710 M 66 22/12/89 Y N1430 r,o R4660 prt 2,5 glu 3,6 N
ril.N. 1619 M 67 30/0'!/90 N no ce l.Ls tn:1: 1,4 glu 3,2 N
S.M. 3185 F 66 10/11/90 Y N401 L160 RO prt 2,0 glu <1 N
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Most of. the babies died within the first 24 hours of admiss-
ion, 25/33 (75,8%) (see Fig. 3.5). The baby who died at three
weeks of age died from severe brain damage following asphyxia
and the other baby who died after three weeks died from
nosocomial Klebsiella septicaemi.a.

3.104 Meni.ngitis There were 11 babies (7.8% of the total)
with GBS meningitis. Relevant clinical details together with
the CSF cell count and biochemistry are given in table 3.12.
Interestingly enough, a cellular response was not present in
two of the CSF' taps from which GBS were isclated. Four of the
babies died, a mortality of 36,3%, not significantly higher
than 'that of the babies with CBS intection without meningitis.

3.1.5 bssocigted cultures A ~ allreu§..,_s. e12idermidis,
Klebsiella spp, Serratia spp and two E..gol~ were isolated at
the same time as the GBS from 5 patients (3,5%). In addition,
13 of th.e 88 babies with GBS bacteremia that. survived beyond
three days (14,7%) developed apparent nosocomial infections;
s. aureus was isolated 5 times, Klebsiella spp 3 times,
candida spp, E. taecalis and §~ ~ni.de.rmidis twice and Pseudo-
monas spp, Serratia spp and an anaerobic bacteria once from
trdse babies after three days of age. This was not a sig-
nificancly higher rate of nosocomial infection compare.d to
babies admitted without a GBS infection as far as the noso-
comial GNB and fungal infections ~.,ereconcarned , 5/8S (5,7%)
vs. 215/6261 (3,4%) and 2/88 (2,3%) VB. 110/6261 (1,8%)
respectively, there having been 6349 b~bies admitted to the
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unit 'that survived for more than three days (see below).

3.1.6 Haematolog~ The mean wee o~ the 127 babies with early
onset GBS infection on whom FBC's were done was 10 615 +/-
5 840/ml (range 1 300-27 200/ml) and their mean platelet count
was 225 000+/-79 690/ml (range 51 000-451 OOo/ml). The mean
wee of babies that died was significantly lower than that of
those that survived, S 771+/-6 100/ml (range 1 300-23 500/ml)
vs. 11 13'7+/-5 700/ml (range 2 200-27 200/ml) (P=O,04). There
was no significant difference between the mean platelet count
of those that survive.d compared to those that died, 232 200+/-
79 240/ml vs. 199 000+/-77 412/ml respectively. Ten (35,7%)
of 28 babies that died had wee's <5 oaO/ml and 14 of 99 babies
(14,4%) that survive.d (P=0,02). A low platelet count on the
other hand was not a prognosticating feature. Only 2 babies
that died had plate.let counts <100 Oao/ml and 5 that s~ ·vived.

3.2 Miscellaneous congenital Gram Po_sH:.iveIsolates
3.2.1 Occurrence Other GPB were isolated at birth during the
two yoar study periud as refl,9cted in table 3.13. The numbers
isolated every month are shown in fig. 3.6. Both the numbers
of f2...!. ilJ!;t.ru.1S and .s...!.. !'!nidermidis appeared to reach uepidemicll

proportions at times, 17 isolates of s . .ru.~u~ occurring in
June 1989 and 13 of S~ epJder,midis in october 1989. The mean
birth weight of the babies from whom these orqan.Lsms 'Il-.::re

cultured was 2362+/-882g (median 194~gf range 810-5340g) and
the. male to female ratio 1,5:1. There were no differences
amongst. the babd as frOl'n whom the various different GPB were
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Table 3.13 Miscellaneous pram positive Isolates
organism IBlood IeSF IPatientsIrcu Ircn 166/67 ILW-~----------+--~-----+-----~--+---~~---+-~------+---~~---+--------+-----~.s. epiderm 80 10 89 11 J ~1 37 10
c haem strap 74 74 9 23 30 12
S. aureus 57 2 59 14 27 13 5
Corynebact 38 38 2 15 17 4
Bacillus 27 1 28 5 12 7 4
E. faecalis I· 25 3 28 4 8 14 2
Listeria 2 1 2 2------------+--------+--------+--------+--------+--------+--------+------.Total I 303 17 I 310* 46* I 115* I 112* 37

* Not equal to the sum of the figures above as some patients had multiple
cultures
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isolated with respect to their mean birth weights or the wards
to which they were admitted. Most of these miscellaneous GPB
isolates were obtained at birth from babies admitted to the
Teu or wards 66/67 (73,2%). However, this was probably just a
refle.ction of the larger numbers of babies on whom blood
cultures were taken as these GPB were isolated from 4,4% (46/
1043) of the babies admitted to the reu with suspected cong-
enital infection, and in 6,8% (115/1700) of those admitted to
the TeU, 4,6% (112/2400) of those admitted to wards 66/67 and
3,8% (37/970) of those who died in the LW or were cultured for
PROM or offensive liquor but sent to their mothers. The
latter three figures are estimates as the exact numbers of
these bebies suspected of having a congenital infection for
1989 are not known. The two patients from whom Listeria MOn2=
cyt~qgr.es were isolated both required admission to the Ieu and
demised.

3.2.2 Associated Cultures Eleven (18,6%) of the patients
from whom s . .ru!!:!?..y..§. was isolated, 16 (17,9%) of those 'I.'lith
~~ ~Jlid~r~idi§L_ 8 (10;8%) with a haemolytic streptococci, 8
(27,5%) with 'S._ faecal:i.sand 3 (7,9%) with corynebaccer i.aspp
ha~ other org~rli~ms isolated from them at the same time. None
of the babies ft'omwhom Bacillus spp were iso~ c.ttedhad another
organism cultured at the same time. These other organisms
were cultured from 28 patients and consisted of 8 isol.ates of
Pseudomonas spp, 7 of ~ col.:L.,4: anaerobic bacteria, 2 each of
Acinetobacter spp, Serratia spp and G13S, and one each of
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was isolated at the same time from an additional 9 babies.
Thus, 37/J10 (11,9%) of the ba~ies from whom these miscellan-
eous GPB we~te cultured at birth grew other organisms from the
same spec imen , a significantly higher proportion than that of
the babies with GBS isolated at birth (5/141) (P=O,02).

3.2.3 Mortality Seventeen (19,1%) of the babies fr~m whom
~ epidermidis was isolated died, 9 (12,2%) of those with a

haemolyti.c streptococci, 8 (13,5%) with ~ aureus, 1 (2,6%)
with a Corynebacteria spp, 6 (21,4%) with Bacillus spp and 3
(10,7%) with B. faecalis. Only 2 (3,3%) of the ~ ~ureus and
12 (20,3%) of the ~ eRidermidis isolates were susceptible
to penicillin, the antimicrobial with which these babie3 were
treated. \11 of the other GPB isolates except two of the
Bacillus spp and a haemolytic streptococci, and 7 of the ~~
faecal is were susceptible to penicillin. They were all
suaoept.Ibl,eto vancomycin. Forty-nine (86,0%) of the 57
babies from whom pellicillin-resistant ~ a1J.reu~was isolated
at birth survived despite only receiving that drug; 62 (80,5%)
of the 77 babies from whom penicillin-resistant ~ epidermidis
was isolated and 6 (85,7%) of the 7 from whom penicillin-
resistant fh faegalis was: ~solated also survi.ved.

4. CONGENITAL GRAM NEGATIVE INFECTIONS
4.1 Occurrence
'l'henumber of GNB isolates obtained from babies within the
first three days of life and the wJlrds into which the.::::ebabies
were admitted are shown in table 3.14. None of the organisms
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Tab~~ 3814 Congenit~l Gram Negative Isolate ..
organism IBlood ICSF IPatients IIeU ITeU 166/67 ILW------------+--------+--------+--------+--------+--------+--------+------serratia 42 42 19 20 3
Pseudomonas 34 34 10 J.8 6
Klebsiella 27 1 28 11 15 2
E.coli 27 1 28 9 11 7 1
Enterobacter 6 1 7 2. 3 1. 1
Acinetobact. 5 1 6 3 3
Proteus 3 3 2. 1.

Total I 144 I 147* 53* 72------------+------~-+-----~-~+~--~~~--+-----~--+---~-~--+-~--~---+----~~
2.4 20

* Not equal to the sum of the figures above as more than one organism
isolated from one patient

~.able 3.15 _g_ongenital Esheriehia Coli Baeteraemia IU: Birth weight,

Wards l<looog Bi.....th Weights
1000-1499~ 1500-1999g 2000-2499g >2499g

ICU
------+-----~------------~------------,~--------~-~----~-~~-----+~-~~-~---ITotal

4 ( I 9)

5 ( , 6) 3 ( I 4)

3 ( ,2.)

1 (,2)

2 (,2.)

5(1,6)
2 ( ,3)

2 ( , 2)

TCTJ

66/67

LW J. ( , 05)------+-------------~--~------~--------------------------------+-------~-I 28(,4)Total I 9 ( , 8) 3 ( ,3)6 ( ,3) 10 (,4)

9 ( ,8)

11 (,4)
7 ( , 1)

1 ( , 6)

Figures in parenthesis ;::% admissions which had ~ coli bacteremi.a at
birth
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cultured from the eSF had a corresponding positive blood
cl.~lture. once again, there appeared to be "epidemics" in the
number of isolates obtained of the various organisms (see fig.
3.7). All the Klebsiella isolates obtained at birth except
for two occurre~ in 1989; all the serratia isolates except one
occurred in 1990, coinciding with an outbreak of nosocomially
acquired berratia septicaemia; 79,4% (27/34) of the Pseudo-
monas isolates occurred in 1989, surprisingly not coinciding
with an outbreak of nosocomial Pseudomonas septh!aemia (see
below). Isolates of Jh. £oli~ however, were obtained regularly
throughout the two year study period and the numbers of the
remaining GNB organisms were too small to note any changes in
incidence.

The mean birth weight of baoies from whom GNEi were isolated at
birth was 2146+/-850g (median 2063g, range 880-4770g) ~d the
male to female ratio 1,5:1. Unlike the GPB isolated from
cultures taken at birth, most (125/147) (85,0%) of the GNB
isolates were obtained from babies admitted to the high care
areas cf. 162/311 (52,1%) (P<0,0001). In fact, GNB were
isolated from 5,1% (53/1043) of babies admitted to the Ieu
with suspected congenital infection, from 4,2% (72/1700) of
those admitted to the Teu and only 0,8% (20/2400) of those
admitted to wards 66/67 (P<O,001). Very few GNB were Lso l.atied
at birth from babies that .lied in LW or from those cultured at
birth for:PROM or offensive lIquor but who were otherwise well
and sent to their mothers.
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other organisms were cultured at the same time as the GNB from
4 of the babies 'VrithKlebsiella isolates (14,3%) f from 3 with
Serratia (7,1%), 9 ~I'li·thPseudomonas (26,4%), 9 with &. w"i
(32,1%), 2 of the 1 with Proteus and 2 of the 6 with Acineto-
bacter isolates. These other organisms consisted of 7 jsolates
each of ~ aureus and ~ epidermidis-t. t; of ~ .:t~aecalis,4 of
GBS, 3 cf 0: haemolytic streptococci and one corynebacteria 3PP
from amongdt 26 babies. Two GNB organisms were isolated at
the same time from one o· 1er bab~. Thus, 27/147 (18,4%) of
the babies from whom GNB organisms were cultu.red had multiple
isolates, a similar proportion as found with the miscellaneous
GPB obtained at birth (37/311) (11,9%) and also significaI1ltly
higher than that found in the bab:ies from whom GBS were i50""

lated (5/141) (3,5%) (l?=:O,0001' .

4.2 congenital ~ coli septicaemia
The wards to which the babies from whom JL.. c_QJ,iwere cul.cured
at birth were admitted are reflected in table 3.15. ~ coli
was isolated from only 0,4% (28/6939) of the admissions to the
Unit, 'thehigh88t incidences being amongst babies with birth
weights <1500g and babies admitted to the leU. Eleven of the
babies from whom E. coli were cultured died giving a mortality
of 39,39". All, except for two, were babies ".;ithbirth weights
below 20GOg.

4.3 Suscep~~bility Patterns
As can b, seen from table 3.16, most of the GNB organisms
cultured at birth were mul ti:r:esistC'l.ntore. nisms, especially
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%able 3~6.. Percentag:,e R~sistanCle gf gongenital 9ram Negative 9_r_g_~nisms

organism am t g ak cf ct ch co pi i-------------+----------------------------------------~------------------.Klebsiella 100,0 85,7 78,5 3,6 64,2 32,1 46,4 46,4 96,4 3,6
Pseudomonas 100,0 88.2 91,2 73,5 97,1 35,3 76,5 97,1 38,2 26,5
Serratia 100,0 97,6 9,5 14,3 95,2 9,5 7,1 95,2 92,8 0g~ Coli 60,7 7,1 17,8 0 3,6 0 7,1 7,1 53,8 0
Enterobacte:r: 100,0 57,1 57,1 14,2 57,1 14,3 71,4 57 1 57,1 0.I..

Acil'etobacter 83,3 83,3 33,3 50,0 66,6 16,6 50,0 100,0 16,6 16;6
Proteus 33,3 0 0 0 33,3 33,3 33t3 33,3 0 0-------------+----------------------------------------------------------_.Total I 90,5 46,6 45,9 22,3 62,8 25,6 35,8 66,9 67,6 6,8
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the Pseudomonas isolates. Only the E. coli and Proteus iso-
lates showed SOlne susceptibility to ampicillin. 54,1% (80/
148) of the GNB isolates were susceptible to ge~tamicin, the
antimicrobial that used to be prescribed for suspected cong-
genital infections, though 82,2% (23/28) of the E. QQli iso-
lates were susceptible to this drug. There was a 24,3% (36/
148) resistance to amikacin, the antimicrobial used at prenent
to cover for GNB organisms.

40<1 M9rtalit~
In addition to the deaths of the babies from whom E. coli was
isolated at birth, 11 (39,3%) of the babies wi~h Klebsiella,
9 (21,4%) with Serratia, 10 (29,4%) with Pseudomonas, and 2
{28,6%} ''lithEnterobacter spp died. One of the three babies
"Iith Proteus isolated at birth died and blo of' the six with
Acinetobacter. Interestingly, more babies died who ,.,ereon
appropriate than inappropriate therapy; 57,1% (4/7) from whom
Pseudomonas and 46,1% (6/13) from whom Klebsi.1ella was cultured
and on appropriate therapy vs. 22,2% (6/27) and 33r3% (5/15)
respectively on inappropri.ate antimicrobials (P:=N/S). None of

the 6 from whom Serrati.a was cultured who WEJre not treated
with appropriate antimicrobials died. Only one of t.he

patients with E coli bact.ez'aemd.a was on Lnappxopr Lat.e anti-

microbials and he died •

.?...!.. CONGlmI~~~I, ~NM1iQ!rtC~~

5•1 9_g_gurr.enc_g
Anaerobic bacteria we.re isolated "'.2times from the blood, the
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Tabl~ 3~17 Bab:i.es wi t~ Al~aerobepJfl91ated at Birth !2l: Birth Feight

Birth W~ights
1000-1499g 1500-19999 2000-2499g >24999Wards !<1000g ITotal------+---------------------------------------~----------------+---------.reu 1(1.) 2. (1)

3.3 (4)

1. (1) 4(3)

Ten 2. (1.) 5 (3)

1.

3 1

66/67 2 2 6 13.

LW 1(1) 13 14 (1.). .------~--------------------------------------------------------¥---------.Total I 2(1) 8(5) 6(1) 3 23(1) 142(8)

Number in parenthesis = number of babies that died
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wards to which the babies from whomthese cultures were

obtained were admitt.ed being depicted in t.able 3. 17 toget:her

vIith the number that died in parenthesis.

The mean birth weight of tb.e babies from whom anaerobic

bact.ar La were. isolated at b:trth was 2415+/-976g {median 2014g,

range ~aO-4570g) and the male to female ratio 1,3:1. Most of

the anaerobic baot.ezLa cultured at birth were from babies 'Vlith

birth weights >2499g I 23/42 (54,8%) and, as babies \I'ith this

birth weight only made up 35,7% (2476/6939) of the total

number of babies: admitted, this findir).g is signif'';'cant (p=

0,01). Equally, a signifh:antly larger proportion of the

isolates were obtained f:r"')lll WE'dl~;abies cu" +:ured for PRO~l or

offem~ivE::!liquor and sent to t.beir mother~v 13/42 (31,v%), as

th6re were only about 400 of these babies per year (P<O,0001).

Another organism was cur bAred at the same 'time as the anaerobe

i.n five (11,9%) of thesr.~ babies, a similar pxcpor t.Lon as that

found for the GNB isolated at birth (see above) and higher

than that found for the GBS, 5/141 (3,5%) (P=O,05). These

other organisms consiste.d of 2 isolates of fi!.. eQi_d~rrojdis and

one each of .Ih, g_ureus I a haemo LynLc streptococci and ~seudo-

monaG spp.

5 •a Mor'cal ity

Eight of the babies from W~lOroanaerobic bact.eria were cultured

diedl a mortality of 19,0%. The mortality amongst the rabies

admitted to the IeU 'i... as 75,09" (3/4), si.gnificantly higher than

that. for the remaini.ng babies, 5/38 (J.3,2%) (P=O,02).
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Equally, that for.babies with birth weights <1500g was 60,0%
(6/10), also Si5hificantly higher than that for the bigger
babies, 6,3% (2/32) (P=0,0009) •

.L.. GRAM NEGATIVE NOSOCOMIAL INFECTIONS
6.1 Klebsiella rum
6.1.1 Ocqurrenc§ Klebsiella septicaemja was the most common
cause of nosocomial GNB infection in the Neonatal Unit making
up 46.1% of all hospital acquired GNB isolates (see below).
Ther . were 122 isolates of Klebsiella spp from the bleod taken
from babies older than three days over the two year period,
and 14 from the CSF, 5 of them occurring in patients without a
positive blood culture. Thus, there were a total of 131 in-
dividual epis~~des of nosocomial Klebsiella septicaemia during
the two years of study occurring Ln 115 patients, 14 patients
having Klebsiella sPP 'Vlithdifferent susceptibi1 ity patterns
isolated from "Chernmore than once.

The male to female ratio was 1:1,1. ,Ascan be seen from fig.
3.8, ther~ appeared to be a seasonal variations; 72 (62,6%) of
the 115 babies with nosocomial Kleb5iella septicaemia
developed their infection during the \'lintermonths. This was
significant, as the admission numbers to the unit showed no
such seasonal variations, 3 457 (51,0%) of the total of 6 772
admissions occurring during the winter months (P=0.02). There
were fewer patients with nosocomial Klebsiella septicaemia in
1990 than 1989, 50 vs. 65 cases respectively, but this diff-
erence was not significant. The mean age at which the babies
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acquired Klebsiella septicaemia was 15,O+/-1:~,4 days (median
11 days, range 4-58 days) (sE~efig.9). The mean birth weight
was 1591+/-715g (median 1350g', range 720-4000g). Table 3.18
shows the number of patients with acquired hlebsiella sept-
icaemia in each weight category over the two year pe.riod, and
the wards in which they became infected. It also shows in
parenthesis the percentage of babies in each ward that
survived for more than three days and then developed noso-
comial Klebsiella septicaemia according to birth weight. 1,8%
(115/6349) of all the admissions to the unit older than three
days developed Klebsiella septicaemia, the babies with the
lower birth weight..;and those admitted to the ICU having the
higher incidences; 10,0% (14/140) of babies with birth weights
<1000g and 4,9% (44/899) of all ventilated bnbies developed
Klebsiella bacteraemia. Most of the babies (85,2%) (98/115)
with nosocomial Klebsiella septicaemia acquir.ed their in-
fections in the leU or TCU. Babies admitted to wards 66/67
seldom acquired Klebsiella septicaemia.

There was a strong associution between nosocomial Klebsiella
infections and NEC, 22 babies with nosocomially acquired
Klebsiella septicaemia (19,1%) had suspected and 32 (27,8%)
had proven NEC; 9 (7,8:"0) additional babies had been put onto
parenteral nutrition, 4 for other surgical abdominal problems
and 5 for other reasons. As there were only 114 cases of
proven and 197 cases of suspected NEC over this two year
period amongst the 6 349 babies that survived beyond three
days, and an additional 69 babies placed on parenteral
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Table 3.19 Patient~ with yO~Jcom;al Klebsiella Septicaemia ~~ ~ weight
Birth Weights

Wards l<looog 1000-1499g 1500-1999g 2009-2499g >2499g ITotal------+--------------~----------~-----------------------------+--------

5 (,2)

6(4,6)
1 (,2)

1(. 1)

4(2,6)
6 ( , 8)

3 (,1)

44(4,9)
54(1,91

leu 2(14,3)
12(8,9)

18(5,1)
22(2,7)
e(l,O}

14(6,7)
11(1,9)Teu

66/67 17(,3}
______+ ~ ~_~ ~ b. + ~~__

Total J 14(10 I 0) 48(4,9) 32(1,7) 8 (,7) 13(,6 ) 1115(1,8)
Figures in parenthesis = % survivors after 3 days who developed Klebsiella
septicaemia

Table 3.19 Ri.sk Factorf! for ACJ;{UiringKlebsiella septicaemia
1 Data I P value I O.R. I 95% C.L.-----------------------------+---------------+---------+--------+-----~---Sex: M VB, F 55/3463:60/2886 0,14 0,76 0,52-1,12

Seasons: Winter vs. Summer 72/3457:43/3315 0,02 1,61 1,09-2,40
Weight: <1,5Kg VS. 1,5-2,5Kg 62/1123:40/2949 <0,0001 4,25 2,79-6,49

" 1,5-2,5Kg vs. >2,5Kg 40/2949:13/2277 0,005 2,39 1,24-4,72
Wards: lCU vs. TeU 44/899:54/2794 <0,0001 2,61 1,71-3,99

" TeU VS. 66/67 54/2794:17/5918 <0,0001 6,84 3,85-12,28
NEe: Proven vs , auspect.ed 32/114:22/197 0,0002 3.,10 1,63-5,93

" Suspected vs. none 22/197:61/6038 <0,0001 12,32 7,16-21,06
Parenteral nutrition vs. nono 63/380:52/5969 <0,0001 22,61 15,14-33,80
Fungal infection vs. none 25/112:90/6237 <0,0001 19,63 11,65-32,89
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nutrition for other reasons, the association of Klebsiella
septicaemia with these conditions was significant (P<O,OOOl).

A summary of the risk factors for acquiring Klebsiella sept-
Lcae=La in Baragwanath Is Neonatal unit in shown in table 3.19.
There was no difference in the incidences amongst the sexes
but there was an increased risk of developing Kler.sie~la sept-
icaemia the lower the birth weight and the higher the level of
care the baby required. There was also a high risk amongst
babies with NEC especially if this condition was proven, and
amongst babies on pare.:nteralnutrition even if not giverl for
bowel pathology.

other nosocomially acquired organisms were isolated from 48
(41,7%) of the patient with hospital acquired Klebsiella
septicaer.lia:25 (20,8%) patients had had or developed a
fungaemia; 11 ~ epiderm:i.dis,7 Pseudomonas spp, 6 ~ aureus
and!h. faecalis,L.5 Enteroba<..i:erspp, 4 ~ coli, 3 citrobacter
and serratia spp, and 1 ~ viridans were in addition isolated
at some stage. In fact, 10 of the 131 Klebsiella isolates
(7,6%) had other organisms isolated at the same time. Twenty-
eight (60,8%) of the babies with multiple isolates were babies
receiving parenteral nutrition (P=N/S).

6.102 Susceptibility Patterns
a)The Cephalosporins: Resistance to cefotaximE' ~,.mongsthosp-
ital acquired Klebsiella spp in Baragwanath's Neonatal unit
first appeared in the second half of 1988. Within the first
three months of 1989, resistance to ceftazadime had also
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developed, 3 of the 16 isolates being ceftazadime-resistant.
Fig. 3.10 shows the percentage resistance amongst the Klebs-
iella isolates to these two cephalosporins over this time
period. Data from the later half of 1988 are also included.
As can be seen from this graph, no improvement ocurred in the
susceptibility patterns of the Klebsiella spp to the cephalo-
sporins despite withdrawing their use over a one year period
from April 1989 to April 1990. Nine months prior to the
change in antimicrobial policy, 20 of the 59 isolates (33,8%)
were resistant to cefotaxime and 3 (5,1%) to ceftazadimei
during the next year, 24 of the 67 (35,8%) isolates were
resistant to cefotaxime and 9 (13,4%) to ceftazadime. These
differences are not statistically si~nificant. During the
remaining nin months of 1990 when cephalosporins were used in
selected cases, 25 of th~ 48 (52,1%) nosocomial Klebsiella
isolates were resistant to ::efotaxime and 13 (27,1%) to
ceftazadime. The resistance to ceftazadime thus in fact in-
creased significantly (P=0.003).

b)The Aminoglycosines: Only one Klebsiella isolate was
identified as resistant to amikacin prior to the change to
amikacin as sale aminoglycoside used in the Neonatal unit.
After the change, 25 of the 72 (34,7%) isolates were amikacin
resistant (P<O,OOOI). The MIe's and MBC's of amikacin for
'~hese resistant Klebsiella isolates were >64J1,g/ml. Fig. 3.11
shows the changing susceptibility patterns of the nosocomial
Klebsiella isolates to the two aminoglycosides. Though it
appears that the resistance to gentamicin improv8d, this was
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Fig 3.10 Cephalosporin Resistance
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not confirmed statistically. In the first p~riod 50 of the 59
(8~,7%) Klebsiella isolates were resistant to gentamicin and
in the second peri.od 53 of the 72 (73,6%). The resistance to
tobramycin, an am:i.noglycosidenever used in the unit, prior to
the change was significantly less than that due to gentamicin,
39/59 (66,1%) (P=C1,02). The resistance to tobramycin during
the second period did not chapge significantly, 41/72 (56,9%);
in addition; the organisms still remained significantly more
resistant to gentamicin than tobramycin (P=0,03).

The 26 Klebsiella isolates resistant to amikacin were general-
ly Inultiresistant organisms: 8 (30,7%) were susceptible to
cerot.axdme, 14 (53,8%) to ceftazadime, 19 (73,1%) to chloram-
phenicol, 3 to tobramycin, and 2 each to geJltamicin, pipera-
cillin and cotrimoxazole. All however were susceptible to
imipenem.

c)other Antimicrobials: Sixty-two of the 131 nos0comial Klebs-
iella isolates were susceptible to chloramphenicol (47,3%), 23
to cotrimoxazole (17,6%) and 6 to piperacillin (4,6%). Three
were resistant to imipenem and all except one to 'ampicillin.

6.1.3 Mortality Sixty-five (56,5%) of the babies who had a
nosoromial Klebsiella septicaemia died. However, it is often
Lmpoaa i.oLe to determine the exact cause of death in view of
the multiple isolates in many of the patients and the co-
existing medical conditions, for example, NEC, chronic lung
disease, etc., which may have contributed to the patient'\:':
demise. Nevertheless, Klebsiella septicaemia almost certainly
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Was a contributing factor in Rlmost all of the deaths. The
number of deaths for each wei.ght category in the different
wards are shown in table 3.20, as are th.:'lsefigures expressed
as a percentage of the babies with nosocomial KlebsielJa
septicaemia in parenthesis. The 11ighest mortality was amongst
babies with birth weights <lOOOg, nearly all of those with
Klebsiella septic8\=mia dying. Babies with birth weights of
1000g to 1499g requiring ventilation who developed nosocomial
Klebsiella sept.icaemia had the o:.lecondhighest mortality of
66,6% (12/18). In fact, the m~dn birth weight of babies with
nosocomial Klebsiella septicaemia that died was £ignif~cantly
lower than that of babies that survived, 1413+/-5799 (median
1600g; range 72I'-3500g) vs. 1830+/-812g (median 1210g, range
780-4000g) respeccively (P=O,0009).

Altogether, nosocomial Klebsiella septicaemia accounted for
13,3% (65/489) vf 'ill the deaths occurring after three days of
age in the Neonatal tJnii.. It was responsible for a greater
percentage of deaths amongst babies with lower bi~th weights,
16,2% (58/358) of deaths after th:1:'f3'.t? days of age amongst
babies with birth we.ights <2000g vs. 5,3% (7/131) amongst th.a
bigger babies (P=O,005). It was also responsible for a sig-
nificantly smaller percentage of deaths amoru.ct; babies in the
leu compared to those in the TeU, 25/252 (9,9%) vs. 33/185
(17,8%) respectively (P=O,Ol). Even though deaths due to
nosocomial sept.icaemia also appeared to account for a higher
proportion of deaths a;:ter three days of age amonqat; babies in
wards 66/ 67 compar-ed to those in the rcn (7 i5) (15,5?,,),this
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Table .;t. 2Q.p~athA due tq ~1~soeomia~ Aggyirf:ld Kle~siel1A ~ Birth Jf!t_ight

Birth Weights
Wards 1<10009 lOOO-1499g 1500-1999g 2000-2499g >25009 ITotal------+-~~----~----~---~-----~----------------------~-~~------+---------reu 2 (lOO~

11(91,6)

o

Teu
66/67

12(66,6)
1<1-(63,6)

7(50,0)

6(46,1)

2(40,0)

3(50,0)

o

1(25,5)

2(33,3)
1(33,3)

25(56,8)

33(61,1)

7(41,2)4(50,0) o------+-~-------------------------------------=---------------+---------Total I 13(92,8) 30(62,5) 15(46,8) 3(37,5) 4(30,7) I 65(56,5)
Figure.s in parenthe.~.i:::; == % mortality of babies with ,;)soco::nial Klebsiella
Septicaemia

~ablE! :3. 21 ~reen'tage Deaths !lfter Tliree Days due to Klebsiella

~vards i<1000':]
Birth Weights

1000-1499g 1500~1999g 2000-1499g >2500g------+-------------------------------------~-----------------+---------ITotal
reu 40,0 8,5 17,1 1'3,0 2,4 9,9

(n=5) (n=141) (n::41} (n=23) (n==42) (n==252)
rcu 18,0 24,1 23,1 0 9,1 17,8

(n=61) (n=58) (n=26) (n==18) (n::.:22) (n=185)
66/67 0 23,5 28,6 0 7,1 15[5

(n=2) (n=17) (n=7) (n=5) (n=14) (n=45)
roUse. 0 0 0

(~""3) (n=4) (n=7)------+------------------- ..-----------------------------------+---------
To'tal I 19,1

(n:::::68)
13,8
(n=216,

20,3
(n=74)

5,1
(n=82)

13,5
(n=489)

Figures in par-errt.hea Ls "" number of babies ':'lying after :3 days of agp,

6,5
(n=49)
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was not confirmed statistically (see table 3.21).

Klebsiella septicaemia can ~e a rapidly fatal dis~ase, 25
(38,5%) of the deaths occurred within a day of the baby having
been cultured for suspected sepsis (see Fig. 3.12). The mean
interval from when Klebsiella spp was first isolated till the
baby died was 7,6 days (range 0-66 days). The two babies that
died 2 months after Klebsiella spp was isolated from them were
babies with chronic lung disease following ventilation.

The association o:ZNEC with nosocomial1y acquired Klebsiella
septicaemia had a significant.1y higher mortality than in
t.hose.babies without clinical bowel disease; of the 54 babies
"lith either proven or suspected NEC who in addi'tion had a
nosocomially acquired Klebsiella septicaemia, 39 (72,2%) died,
a significantly higher :mortality than that of the remaining
patients with nosocomf.a l Klebsiella septi.caemia and no bowel
disease~ 26/60 patient~ (43,3%) (P=O,005). However, if one
analyses separately those babies with Klebsiella septicaemia
and suspected or proven NEe, it. is only in the latt.er 'Ylhere
the death rate is' significantly higher when compared to that
of infect.ed babies without bowel disease (P=0!002), 14 of the
22 (63,0%) babies with suspected NEe and Klebsiella sept-
icaemia died, while 25 of the 32 (78,1%) babies with proven
NEe and Klebsiella sept.Lcaemfa died, these mortalities not
being significantly different. The number of babies on par ...
enteral nutrition for othe.r reaoons was too small to analyze.
The percentage of babies with multiple nosocomial. infections
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in addition to septicaemia due to Klebsiella spp who died
appeared to be lower -chan that of babies wto only had noso-
comial Klebsiella septicaemia, 23/48 (47,9%) vs. 42/67 (62,6%)
respectively. 'rhis difference however was not significant.

The mortality from nosocomial Klebsiella septicaemia prior to
the change to amd.kacdn as sole aminoglycoside used was 33/49
(67,3%) and following the change 32/66 (48,5~) (P=O.04j. This
decrease in mortality occurred despite an increase in amikacin
resistance, the antimicrobial which was initiated in cases of
suspected nosocond.eL sepsis. Of the 24 babies from whom
amikacin-resistant Klebsiella ~pp was isolated who therefore
would not have been commenced on appropriate antimicrobialsr

15 died (62,5%). This was not statistically different from
the mortality amongst babies with amikacin-susceptible Klebs-
iella isolates, fO/91 (54,9%).

There was no significant difference in the mortality af'·ter
changing the empirical antimicrobial policy from am.ikacin and
a cephalosporin to amikacin and -vancomycin for suspected noso-
comial infections. Of the 13 babies with r,osocomial Klebs-
iella septicaemia prior to the change, a died (61,5%), whereas
52 of the 102 babies (55,8%) with the same infection died
after the change. As the resistancp. to both amikacin and the
cephalosporina increased dllring the study period, the original
combination of amikacin and ceftazadime with which babies
suspected of having a nosocomial infection were treated would
not have been appropriate therapy in many. If one analyses
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those patients in whom this combination would have been app~o-
pr:'.atethen 8/11 (72,7%) died prior to the change in policy
and 33/69 (47,8%) after (P=O,2).

6.1 ~.~ Meningitis Klebsiella spp was isolat-ed from the CSF' of
14 babies, i.e. 12,2% of those with nosoconri.e.LKlebsiella
septicaemia had a meringit.i.sdue to that organism. The rele-
vant patient details are given in table 3.22. Five of the
babies with Klebsiella meningitis did not have a concomitant
positive blood culture. The mortality for babies with noso-
comial Klebsiella meningitis was 9/14 t64,2%), not signific-
antly different: when compared to the mortality of babies with
nosocomial Klebsiella septicaemia ':l:i.thoutmeningitis.

6.1.5 Multiple Isolates As mentioned previously, there were
several patients v..rithmultiple Klebsiella isolates with diff-
erent susceptibility patterns (see table 3.23). It appears
that, on the Whole, the organisms became more resistant as
the antimicrobials failed to eradicate them; of the 11
patients with repeat is~lates from the blood, 6 became more
resistant to t!1~ cephalosporins and one less, 4 more resist-
ant to aminog.lycosides and 2 less. Klebsiella spp isolated
from the eSF also often had different susceptibility patterns
compared to that isolated from the blood; all four of the
isolates from the CSF showing less resistance than those
cbtiad.ned from the blood,

6.1.6 ~aematology The averag~ wee of the babies with noso-
comially acquired Klebsiella septicaemia W,3.S 14 000+/-12 850/
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Table 3..22 Nosocomial ~teb~iel~a Meningitis
Pt Weight Sex Ward SpEW. date Age (d) B/C Resistance Died-------------------------------------------------------------------------T.M. 1710 M leU 08/01/89 8 Y Ap,G,T,Co,pi y
T .11. 1530 F TeU 22/01/89 51 N Ap,Co,Pi y
S.M. 3660 M TeU 08/03/89 14 N Ap,G,T,Cf,Pi N
S.B. 950 M TCU 15/05/89 10 y Ap,G,T,CO,Ch,Pi Y
S.M. 750 F TeU 22/05/89 10 Y Ap,G,T,Co,Ch,Pi y
M.S. 2900 M TeU 30/05/89 40 N Ap,G,T,Co,Pi N
T.N:. 1250 F TCU 20/08/89 9 Y Ap,G,T,CO,Ch,Pi Y
U.K. J.950 M 66 02/12/89 34 N Ap,Co,Ch,Pi N
L.T. 1760 M 67 10/04/90 10 N Ap,Co,Pi N
T.M. 1950 F leu 08/06/90 17 Y Ap,G,Co,Ch,Pi N
S.N. 1320 F 66 09/06/90 6 y Ap,Co,pi Y.
T.rr. 880 F Teu 29/06/90 7 N Ap,G,T,Ak,Co,Pi Y
J.Z. 820 F Teu 25/07/90 13 Y Ap,G,Ak,Co y
P.M. 1529 M lCU 28/11/90 40 Y Ap,GvT,Ak,Cf,Ct,Co,P y
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Table 3.23 Patient~ with MUltiple Klebsiella Isolate
Pt. weight Sex Ward Sp'3c.date Age(d) site Resistance Died

"
-----------~------------------~----------~~----------------- --~-~----~-----

"
T.M.

"
1.8.

"N.B.
"II

T.B
"T.M..,

A.M.
"S.N.
"T.G.
"S.M.

"D.M.
"S.N.
"J.Z.
"A.B.
"M.C.
n

1710

2850
1000

1250
1250
3010
1750
1690
1794
1500
1320
820
983

2200
II

"
"
II

"

"
"
"
"
"
II

"
"

M leu
II

04/01/89
06/01/89
08/01/89
04/(,.2/39
12/02/89
02/05/89
08/05/89
10/05/89
05/06/89
12/06/89
20/08/89
20/08/89
24/08/89
30/08/89
29/08/89
21/09/89
29/09/89
02/10/89
07/10/89
10/10/89
16/10/89
18/10/89
09/06/90
09/06/90
25/07/90
25/07/90
11/09/90
20/09/90
02/12'/90
31/12/90

4
6
8
6

14
10
16
18
14
21
9
9
8

14
8

11
16
19
21
24
9

11
6
6

13
13
8

17
4

33

B Ap,Co,Ch (Ak,Ct)
B Ap,G,T,Cf,co,Ch,Pi
C Ap,G,T,Co,Pi
B Ap,G,T,Cf,Ct,Pi (Ak,Ct)
B Ap,G,T,Cf,ct,Co,Pi
B Ap,G,Co,Pi (Ak;ct)
B Ap,G,Co,Ch,ii
B Ap,G,T,Cf,Co,Ch,Pi
B Ap,G,T,Co,Ch,Pi (Ak,Ct)
B Ap,Co,Ch,Pi
B Ap.G,T,Cf,co,Pi (Ak,ct)
C Ap,G,T,Co,Ch,Pi
B Ap,G,Co,pi (Ak)
B Ap,G,T,Cf,Ct,Co,Pi
B Ap,G,T,Cf,Ct,Ch,Pi (Ak)
B Ap,G,T,Cf,Ch,Pi
B Ap,T,co,Pi (Ak,Ct)
B Ap,Cf,Co/Pi
B Ap,G,T,CfpCh:Pi (Ak)
B Ap,G,T,CfICt,Pi
B Ap,G,T,Co,Ch,P.i,I (Ak)
B Ap,G/T,CO,Ch,Pi
B Ap,G,T,Ak,Cf,Co,pi (ct)
C Ap,Co,Pi
B Ap,G,Ak,Co,Ch,Pi (Ak,ct)
C Ap,G,Ak,Co,Pi
B Ap,G,T,Ak,Cf,Ct,Co,pi (Ak,I)
B Ap,G,T,Ak,Cf,ct,co,Ch,Pi
B Ap,G,T,Co,Ch,Pi (~k)
B Ap,G,T,Ak,Cf,Ct,Ch,Pi

Letters in parenthesis - antimicrobials with which patient treated

n

"
M leu
II

F'

"If
Teu
""M Teu

II

F Teu
"M Wd66
"
M lCU
II

M lCU
"
M leu
"F TCU
It

F
It

Wd66
F Teu
"
F

"
TCU

M

"
Ieu
"

"
II

"
"

II

n

tI

"
"

"

y

"
N

"y
"
"N
N
y

"y
"N
II

y

"y
II

N

"y
"y
"y
II

y

"
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ml (range 1 700-85 700/rol) and the platelet count 127 050+/-
99 800/m]. (range 3 000-471 OOO/ml). Only twenty (18,2%) of
the 110 babies on whom FBe's were available had wee's <5 000/
roland 13 (11,8%) >25 OOO/ml; 51 (46,4%) of these babies had
platelet counts <100 000!ml. There were no significant diff-
erencef~ when comparing the mean wee Is or platelet counts of
babies with nosocomial Klebsiella s,__pticaemia who survived to
those that died (12 819+/-7 4:?7/mlvs. 15 081+/-15 846/ml and
138 271+/-103 761/ml vs. 118 355+/-96 574/ml respectively).

6.2 Pseudomonas spp
6.2.1 Occurrence In contrast to nosocomial septicaemia due
to Klebsiella spp, that due to Pseudomonas spp had a low
backgro~nd prevalence with only a few cases a month (see fig.
3.13). However, an outbreak of hospital acquired Pseudomonas
septicaemia in December 1990 made it the second most common
cause of nosocomially acquired GNB infections accounting for
17,9% of these isolates. Altogether there were 48 Pseudomonas
isolates obtained from the blood of patients greater than
three days old over the two year study period. It was also
isolated from the CSF .:1. times, 3 of them with concomitant
blood cultures but only one of these having the same suscept-
ibility pattern as that of the Pseudomonas spp isolated from
the CSF. Three patients had Pseudomonas spp isolated from the
blood more than once with different susceptibility patterns
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(see below). Thusr 45 babies had Pseudomonas spp cultur.ed
from their blood,lCSF over the two years with a total of 51
individual isolates.

The mean age of the babies from whom Pseudomonas spp was
cultured was 13,8+/-10,"-'days (median 11 days, range 4-44
days). The male to female ratio was 1:1,4 and the mean weight
1472+/-658g (median 1260g, range 760-3950g). Table 3.24 shows
where the babies were thought to acquire Pseudomou3s sepsis
according to their birth weights together with the numbers of
babies that died reflected in parenthesis.

Most of the babies who apparently developed nosocomial
septicaemia due to Pseudomonas spp were in the 1000g to 1499g
weight category and from the lCU, the latter accounting for
28/45 (62,2%) of the cases. This is significantly higher than
the proportion of Klebsiella septicaemia acquired in that
unit, 44/115 (38,3%) (P=0,006). Pr;eudomonas spp was cultured
from 0,7% (45/6349) of the admissions to the ICU who survived
for more than three days.

A significantly smaller proportion of babies from whom Pseudo-
monas spp was cultured had associated proven NEC compar-ed to
those from whom Klebsiella spp was isolated, 2/45 (4,4~) vs.
32/115 (27,8%) (P=0,002). Eight (17,7%) had suspecte~ ~~~, d

similar proportion as was found with the babies who acquired
Klebsiella septicaemia, 22/115 (19,1%). In addition, 6
(13,3%) of the babies f:.:omwhom Pseudomonas spp was isolated
were on parenteral nutrition for reasons not related to
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Table ~24 Patients with Nosocomial Pseudomonas SeQticaemia ~ Birth weight
Birth weights

Wards 1<1000g 1000-1499g 1500-1999g 2000-2499g >2499g ITotal------+-------------------------------------------------------+----------reu I 21(12) 4(4) 1(1) 2(2) 28(19)
rcu 14(3) 6(3) 2(1) 3(1) 15(8)
66/67 2(1) 2(1)------+-------------------------------------------------------+----------Total I 4(3) 29(16) 6(5) 1(1) 5(3) I 45(28)
Figures in parenthesis = number of babies who died

Table 3.25 Patients with Mu1tip-1e Pseudomonas Isolates
Pt. Weight Sex Ward Spec.date Age(d) site Resistance Died
N.M. lCU-----------------------------------------------------~----------------------1250 F

" " II

1<'H. 1585 M rcu
" II n

J.M. 3950
"
"

M lCU
"
"

II "" "B.M. 1220
" "

F

"
leu

K.M.
"

1650
"

rcu
"

M

"

"
26/07/89
04/08/89
22/10/90
27/10/90
29/11/90
30/11/90
05/12/90
11/12/90
11/12/90
20/12/90
20/12/90

6
9

11
16
4
5

10
4
4
4
4

B Ap,G,T,Ak,Cf,Ct,co,Ch,Pi,I N
B Ap,G,T,Cf,ct,Co,Ch,pi,I (Ak,I) "
B Ap,G,Cf,Co,Ch N
B Ap,Cf,Ct,Co,Ch,Pi (Ak,ct,I) n
B Ap,G,Cf,Co,Ch Y
B Ap,G,Cf,Co,Ch,pi "
B Ap,Cf,Co,Ch,Pi (Ak,Ct) "
B Ap,Cf,Co,Ch Y
C Ap,G,Cf,Co,Ch (Ak,Cf) "
B Ap,G,T,Cf,Co,Ch Y
C Ap,G,T,Co,Ch (Ak) II

Letters in parenthesis - antimicrobial with which patient treated

"

II
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gastroiiltestinal pathology, a higher proportion than that of
those babies with nosocomial Klebsi~lla septicaemia (5/115)
(4,3%) (P=0,07).

Twent:.y-tvl0babies (48,8%) with bacteraemia due to I'seudolnonas
spp also had other nosocomially acquired organisms isolated
from them at some stage. There were 8 isolates of a yeast, 7
of Klebsiella spp, 5 of ~ ~ ..4 of ~ epidermiqi_§L..3 of
ct.he.rGNB and 2 each of serratia spp and ~ faecaJ..Jacultured
amongst these patients. Of these, 4 were isolated from the
same spec.i.men as the Pseudomonas isolate! a similar proportion
of multiple isolates as that observed for nosocomial Klebs-
iella isolates, 4/51 (7,S%) vs. 10/131 (7,6%) respectively_

6.2.2 susceptibility Patterns Prior to the change in anti-
microbial policy with respect to the aminoglycosides, 1/13
(7,7%) nosocomial Pseudomonas isolates was susceptible t.o
gentamicin and 7 (53,8%) to amikacin. Following the change,
10/313 (26,3%) were susceptible to gentamicin and 32 (84,2%) to
amikacin. As these changes are not significantly different,
Withholding the use of gentamicin did not seem to improve the
susceptibility to that aminoglycoside and resistance t~ alni-
kacin was apparently not induced. If anything, the suscept-
ibility to arnikacin appeared to have improved. If 0ne adds
data avail3.ble from the second half of 1988, 14/27 (51,8%)
Pseudomonas iso1utes were susceptible to amikacin prior to the
policy change. The appar'erreimprovement in amikacin suscept-
ibility now becomes sigr.tificant (P=O, 01). Hovlever, there
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still wal:\;\no signifioant change in gentamicin susceptibility.

As expected, the nosocomial Pseudomonas isolates were very
resistant to cefotaximel only 4 of th~ 51 (7,8%) isolates
be i.ne p'. scepti;;'le. The susceptibility to ceftazadime was much
greater, 33 (64,7%) being suscept~.ble. If data from the
latter half of ....988 are includetl, resistance to ceftazadirne
increased significantly during the period when no cephalo-
sporins were used, ?/15 (13,3%) VS. 12/23 (52,2%) (P=O,03).
However, this resistance improved sjgnificantly during the
remaining 9 months of thp study period when only S of the 27
isolates (22,2%) were resistant to ceftazadime (P=O,02). The
resistance patterns to cefotaxime did not change significantly
during these different periods.

32/51 (62,7%; of the Pseudomonas isolates were susceptible to
piperacilJ.in but .•lly 2 of them to chloramphenicol. None were
susceptible to ampicillin or cotrimoxazole. Of the 12 iso-
lates resistant to amikacin, 7 \vere susceptible to l:::eftaZ-
adime, piperacillin and imipenem, 4 to chloramphenicol and 2
to cefotaxime. 'I'herewas a high degree of resistance to imi-
penam, 12/51 (23,5%); 7 of these were susceptible to amikacin
and all were susceptible to ciprofloxicin. Five isolates were
mUltiresistant being susceptible only to ciprofloxicin.

6.2 •3 Mortal itv. Once agh ~.n,it is diEficult to know how many
deaths were due to Pseudomonas septicaemia, especially in view
of the fact that some of the cultures may have been contamin-



74

ants. certainly, 3 of the babies from whom PseudOIlonas spp
susceptible only to ciprofloxicin was isolated su~rived
despite never :r:eceiving ciprofloxicin 0 Al1i:;o, one patient with
a complex cyanotic congenital heart anu in whom Ps~mdomonas
spp was isolated from the blood probably died from the cardiac
lesj on rather than an acquired infection. Tt.,rentY-Edght
(62,7%) of all the babies from whom Pseudomonas spp was iso-
lated died, see table 3. 24. However, the mortalit:y was much
higher if one only looks at the babies involved in the out-
break in December 1990 't'!ho were obviously septic, 10 of the 12

babies dying (83%), and this when the Pseudomonas isolates
v-lereall susceptible to amikacin! There were no significant.
differences in the mortalities of babies front whom Pseudomonas
spp was isolated "rho had and those who did not have gastro-
intestinal pathology; 1 of 2 babies \vit)ll proven NEe died and 6

of the 8 (75,5%) with suspected NEe vs. 21/35 (60,0%) of the
remainder. Nor was there any difference in the mortalities of
babies from whom only Pseudomonas spp was isolated or from

whom multiple organisms were isolated in addition to Pseudo-
monas spp, 16/24 (66,6%) 'IS. 12/21 (57,1%) respectively.

6.2.4 N§lliQg",j.. tis All of the 4 babies wi.th Pseudomonas spp
isolated from the CSF died, 3 of the babies having been
amongst those involved in the outbreak. However, only one of
the spi nal taps was associated with inflammatory cells, and
the one in which there was a concomitant, positive blood
cuLture \.,rith t.hs same resistance pat-tern was in fact a bloody
tap.
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6.2.5 Multipl@ Isolat@s Clinical details of the 5 patients
from whom Pseudomonas with different susce::;>tibilitypat'terns
was isolated more than once are shewn in t,2101e3.25. Repeat
isolates from the blood 'vere obt,'.inedfrom 3 babies, all
showed decreasing resist&nce to the aminoglycosides8 and one
increasing resistance to the cephalosporins. The isolate from
the CSF of one of the babies who also had one from the blood
showed less resistance to the cephalosporins, and another
increased resist,ance to the ami,n. ;lycosides.

6.2.6 Haematology The mean wec of babies with acquired
Pseudomonas septicaemia was 11 490+/-8 780/ml (range 1 000-
37 300/ml) and the mean platelet count 146 120+/-117 400/ml
(range 10 000-456 ooo/ml). Seven (16,3%) of the 43 babies
from Whom Fee I s were available had a wee <5 OOO/ml and 4
(9,3~,) >25 OOO/mlo Twenty-one (',8,8%) of these babies had
platelet counts <100 OOO/mi. Thnre was no difference in the
wee's between babies who died conpared wit.h those who
survived. However, babies who d:'.edof nosocomial Pseudomonas
septicaemia had a significa{~tly 2.0\11ermean platelet count than
those that survived, 107 154+/-101 649/ml vs. 205 706+/-
117 464/ml (P==0,005). Equally, those with platelet counts <

100 OOO/ml had a higher mortalit~r rate, 18/26 (139,2%) VB. 3/17
(17,6%) of those wi'th platelet counts >100 oOo/ml (P::::O,005).

6 • 3 ggrra t ia .rum
6.3.1 Qccurrence Serratia spp had been a rare isolate in the
Neonatal Unit, only having- been J:-eporte,donce in July 1988.
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HO\,levar, shortl:r aJ~t;.erchanging to amikacin as sale amino-

glycoside, an outbreak of Serratia septicaemia cccur-red , :see

fig. 3.14. The index case was a premature baby in ward 66 who

ht?d spent, some time in the TeU. h.c ("1,€!velopeda fulminant

sep'cicaalnia in October 1989 and was dead within 24 hours.

'rhis was followed in November 1989 by tt10 cases of NEC in the

lCU both of whomdied of Serratia sep1:.j.caemia. Altogether,

serratia spp was isolated 28 times from the blood and 4 times

from the eSF, the latter occurring with concomitant blood

cultures but diffE'::rent susceptibility patterns. These were

isolated from 26 patients as there were 2 from whomserratia

spp, with different susceptibility patterns, was isolated from

the blood tl.llice, in both caSE~Sthe second isolate havi.ng gain-

ed ami.kaof,n susceptibility (see below). Thus, there were 32

l=lcT,JarateSerratia isolatr~s over the two year period, account-

ing for ).lt3% of the nosocomial GNBisolates. The majority of

the cases occurred in the first half of 1990. The occurrence

of an outbreak of apparent congenital Serratia bacteraemia co-

inciding with the outbreak of nosocomial serra.tia septicaemia

has already been allud~a to (see above).

The male to female ratio of tne babies who developed nOSQ-

comial Serratia sept.icaemia was 1,4: 1 and the mean age was

19,,6+/-12,9 days (medi.an 20 dol's, range 4-58 days). The

mean birth weigllt of these babies was 1519+/-1230g (median

1230g, range S44-4140g). The wards in which these babi.es

ac.coxdd.nq to their birth \veights were thought to acquire their

serratia infectior, are depicted in table 3.26 together with
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~ab1e 3.2 6 _l'!!!;ilE:'lnt~with Nosocomial Serra·tia Beptieaemi~ ~ Birth weight
Birth Weights

Wards 1<1000g lOOO-1499g 1500-1999g 2000-2499g >2499g ITotal------+-------------------------------------------------------+----------lCU
Tea
66/67

2
11(6)
2 (1)
2 (1)

5(1)
1(1) 1 2

16(7)
8(2)
2 (1)------+-~--------~--~--~------------~~---~----~---~~----~~----+----~,-----

Total I 2 15(8) 6(2) 1 2 I '16(10)
Figures in parenthesis:::: number of babies tl"..atdied

Table ~.2'1 _pat:j.ente :with MU1j;iple Nosa,",omial Serratia, l:splatet:!,
Pt. Weight Sex Ward Spec. date Age(d) Sit.; Resis:tance Died------·---- _______________ •____________ M _____________________________________

J.M. 1500 F IeV 11/01/90 9 B Ap, T ,AJ~,Co, Ch ,Pi y

" " " " 11/0J./90 9 C Ap,T,Ak, "T.D. 1250 F ICU 13/Cl/~0 20 B Ap, T ,Ak,ce , I;!O Y
" " " II 15/01/90 ~2 C Ap,G,T,Cf,Co,Ch,P.i "O.S. 1020 M IeU 07/02/90 35 B ApIT,Ak,Cf,Co,Ch N

" II .. If 12/02/90 40 13 Ap,T,Cf', "S.M. 1100 M rev 10/04/90 24 B Ap,T,Cf,Ct,Co,Pi Y
" " 1I " 26/04/90 40 C Ap,T,Co "J.B. 3500 M TCU 07/05/90 26 B Ap,T,Ak,Cf,Co,Ch,Pi N
II II " " 21/05/90 50 B Ap,T,Cf,ct,co,Ch,Pi "v. x. 1713 M ICV 14/06/90 6 B Ap,T,Cf,Co,Pi, N
Ii .. " II 14/06/90 (5 C Ap,G,T,Cf,Co,Pi "
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the numbers that died. Most of the babies developed serratia
septicaemia in the rcu, 16/26 (61,5%). This is again a sig-
nificantly higher proportion than that for nosocomial Klebs-
iella septicaemia, 38,2% (44/115) of which were acquired in
the leu (P::::O,03). How~ver, as ~rith the nosocomial Klebsiella
septicaemias, the babies were mostly in the 1000g to 1499g
weight category. Altogether, 1~7% (16jB99) of the babies
aditted to the reu who suzv i.ved for more than three days
developed nosocomially acquired Serratia septicaemia.

Once again, there appeared to be an association with bowel
disease and hospital acquired Serratia septicaemia; 5 (19,2%)
of the 26 patients had proven and 5 suspected NEe, and 2
(7,6%) were on parenteral nutrition for other reasons, similar
proportions as were found amongst the babies with nosocomial
Klebsiell~l septic:aemia (see above) ,

Half of the bab i.eswith nosocomial Serra·tia septicaemia a'lso
had other nosocomial organisms culture.d from them at some
stage. There were 5 isolates of ~ gpidermidi§L_ 3 each of
Klebsiella spp and ~ faecalis, 2 each o:E Pseudomonas spp,
yeasts and Enterc,bacter spp I and 1 each of Acinetobacter spp I

ex haemolytic strs:ptococci, Citrobacter sp.o and Bacillus spp
amongst these babies. Other organisms were cultured from the
same specimen as 3 (9,3%) of the 32 serratia isolates, a
similar rate as that for other Lvsocomial GNB isolates.

6.3. 2 p~I!~..w:ibilit..YPatterns Of the 32 nosocomial serratia
isolates, 6 (18,7%) were susceptible to cefotaxime and 29



(91%) to ceftazadime. They showed a high degree of amikacin
resistance, only 20 (62,5%) being susceptible; all were
resistant to tobramycin. However, 28 (87,5%) were susceptible
to gentamicin. All of the 12 isolates resistant to amikacin
'VIera susceptible to bo'ch gentamicin and ceftazadime and in
addition, 3 were susceptible to cefotaxime. As far as the
susceptibility to other antimicrobials was concerned, 16
(50,0%) of the serratia isolates were susceptible to chlor-
amphenicol, 6 to piperacillin and 4 to cotrimoxazole. All
were susceptible to imipenem and none to ampicillin.

6.3.3 Mortality Ten (38,4%) of the babies with nosocomial
Serratia septicaemia died, a lower mortality than that due to
nosocomial Klebsiella septicaemia but not significantly so.
Most of the d7:ldthsoccurred amongst the babies with birth
weights of 1000g to 1499g, 8 (53,3%) of the 15 dying. Seven
(43,8%) of the 16 babies admitted to the rcu who developed
nosocomial Serra'Lia septicaemia died. All of the babies with
proven NEe and serratia septicaemia died and 3 of the 5 with
suspected NEC. Once again, this differe.nce in mortality
amongst bab i.eswith nosocomial se.rratia septicaemia and bowel
disease as compared to the same infection but without bowel
disease is significantly higherj S/10 vs. 2/16 (P=O,OOl). The
mortality of those from whom more than one organism was iso-
lated was not significantly different from those from whom
only Serratia spp was isolated, 4/13 vs. 6/13 respectively.
There was no significant difference between the mortalities of
babies 'tlTithamikacin-resistant compared to those with amikacin
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susceptible nosocomial serratia isolates, i.e. between those
commenced on inappropriate and those on appropriate therapy,
5/11 vs. 5/15 respectively. Of the 11 patients with amikacin-
resistant nosocomial Serratia septicaemia, 4 died before their
antimicrobials could be changed appropriately, 1 died despite
changing the therapy and the remaining 6 survived once they
had been put onto appropriate treatment.

6.3e4 Meningitis As alrp.ady mentioned, there were 4 cases of
nosocomial Serratia meningitis over the two years, the d~tails
of these pat.Lent.sappearing in table 3.27, the susceptibility
patterns of the organisms isolated from the eSF being
different from those isolated from the blood. Three of the
patients with nosocomial Serrat1a meningitis died.

6.3.5 Multiple ,Isolates Table 3.27 displays some relevant.
details of those patients in whom serratia spp was isolated
after three days of age more than once with different suscept-
ibility patterns. Repeat isolates from the blood occurred in
two patients, one showed increasing resistance to the cephalo-
sporins and both decreasing resistance to the aminoglycosides.
All three CSF isolates were less resistant than those from the
blood.

6.3.6 ;Haematoloqy The mean wee of babies who developed
serratia septicaemia was 13 310+/-9 410/xnl (range 3 300-39 200
/ml) and the mean plat9let count 172 380+/-157 24 (range 9 000
-567 oao/ml). Six babies (23,1%) had a wee <5 OOo/ml and 3 >
25 OOO/ml, 12 (46,2%) had a platelet count <100 ooo/ml. Those
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babies who died had a significantly lower mean platelet count
than those that survived, 62 400+/-70 278/ ml vs. 241 125+/-
158 561/ml respectively (P=O,Ol). Seven of the 12 babies with
platctlet counts <100 OOO/mi died. f}.'herewas no difference
between those that survived and those that died with regard to
their wee's.

6•4 Ent :lrobacterma;!.

6.4.1 Occurx~~ Enterc~acter spp was isolated 28 times from
the biood and once from the CSF in 25 babies older than three
days during the two year study period. The positive eSF
culture was associated with two positive blood cultures but
they all had different susceptibility patterns. Entcrobacter
spp \'rithdifferent susceptibilh ..y patterns were also isolated
from blood from two additional babies. It accounted for 10,2%
of all nosocomial GNB isolates.

There was no difference in the numbe r of males who developed
Enterobacter septicaemia compared t.of~males. 'l'hemean age at
which they became infected was 16,7+/-12,2 days (median 14
days, range 4-46 days). Their mean bjrth weight was 1595+/-
654g (median 1600g, range 780-3230g). The incidence of GNB
septicaemia due to Enterobacter spp was usually very low,
though there appeared to be a small outbreak in December 1989
(see fig. 3.15). The wards in which the babies developed
Enterobacter septicaemia according to their weight categories
and the numbers that died are shown in table 3•.28. 52% I')fths
Enterobacter Lsolat.eswere obtained from babies admitted to,
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Fig 3.15 Nosocomial Enterobacter
Septicaemia
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Table ~ 28 Patients with Nosocomial .~nterobacter ~epticaemia 'trf .Bix'GhWe.:igb

Wards 1<1000g
Birth Weights

1000-1499g 1500-1999g 2000-2499g >2500g I~rotal------+----------------~------~-------~-------------------~---+------~---ICU
'rCU
66/67

1 (1)
2

6(5)
3 (3)

4 (4)
1
3 (1)

1 1
2 (1)
1

13 (10)
3(4)
4 (l)------+------------------------~---~~~-~------------------~--~+----------'rotal I 3 (1) 9 (8) 8 (5) 1 4(l) I 25(15)

Figures in parenthesis = number of babies who died

Table 3.29 Patients with MUltiple Enterobacter Isolates

Pt. Weight Sex Ward Spec.date Age(d) site Resistance Died----------------------------------------------------------------------------.M. 1000 1-1 leU 20/10/89 4 B Ap , G r T ,Ak, Co , en Y
u " " " 21/10/89 5 B Ap,G,T,Ak,Cf,Co,Ch "II " " " 21/10/89 5 C Ap,G,'I',Pi ".M. 1030 M ICU 11/12/89 16 B Ap,T,Cf,ct,Ch,Pi y
II II II II 11/12/89 IG 13 Ap,eo II

• M. 1390 M ICU 29/12/89 31 B Ap,T,Co,Ch,Pi N
II " " " 30/12/89 32 B Ap,T,Ak,Co,Ch,Pi "
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the leU; 1,4% (13/899) of the babies in that unit who survived
for more than three days developed Enterobacter septicaemia.

There was a strong correlation between babies with nosocomial
Enterobacter septicaemia and NEC, 9 of them (36$0%) having
proven and 6 (24,0%) suspected NEC, similar pruportions as
those found amongst the babies with nosoco~ial Klebsiella
septicaemia. In addition, one baby was or, parenteral
nutrition for an exomphalos post surgery.

In a high proportion of thesE:.babies other nosocom.ially
acquired organisms were cultured at some stage, 17/25 (68,0%)~
Six isolates of yeast, 5 of Klebsiella spp, 4 of s. ~pi-
dermidis p 2 each of eitro'bacter spp, serratia spp and 1L..

aureus, and 1 ~ faecal is , Acinetobacter spp and a ha;;molytic
streptococci occurred in these patients. In fact, other
organisms were isolated at the same time as 10 (34,5%) of the
29 Enterobacter isolates. This is a significantly higher
proportion when compared to all the previously mentioned noso-
comially acquired GNB infections; 7,6% (10/131) of the noso-
comial Klebsiella isolates g:.'ewother organisms at the same
time (P=0,0002), 7,8% (4/51) of 'the Pseudomonas (P=O,005) and
9,3% (3/32} of the Serratia isolates (P~0/03).

6.4.2 susceptibility Patterns There were only 5 isolates of
nosocomial Enterobacter spp during the study period prior to
the change in antimicrobial policy with respect to the use of
aroinoglycosides, one of which was resistant to amikacin and
two -:':0 gentamicin. The change in policy did not result in a
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significant change in resistance pattern, 4 (16,7%) of the 24
isolates being resistant to amikacin and 8 to gentamicin.
There still appea~ed to be no difference even if data from the
second half of 1988 was included. Thus, altogether 17,2% (5/
29) of the nosocomial Enterobacter spp were resistant to an't-
kacin and 34,5% (10/29) to gentamicin.

Only 3 nosocomial Enterobacter isolates occurred before the
change in cephalosporin usage. Using the data from the second
half of 1988, none of the 15 isolates before. April 1989 were
resistant to either cefotaxime or ceftazadime. However,
despite not using any of the cephalosporins from then on for a
year , 8 I,')fthe 26 (30,7%) isolates obtained during the rell1ain-
der of the study period were resistant to cefotaxime (P=O,02)
and 6 (23,1%) to ceftazadime (P=0,04).

Nine (31,0%) of the isolates were susceptible to cotrimoxazola
and piperacillin, 3 to ampicillin and a tv chloramphenicolo
All were sllsceptible to imipene1ll. Of the 5 Entet'ohacter iso-
lates resistant to amikacin, all we.t"esusceptible to ceftaz-
adime, 4 to cefotaxime, 3 to piperaclllin and 1 each to co-
'trimoxazole and chloramphenicol. In addition, one isolate was
resistant to amikacin but susceptible to gentamicin,

6.4.3 Mortulity The mortalit ..r rate for babies with hospital
acquired Enterobac'Ler septicastda was 60,0% (15/25), all the
babies with bowel pathology and associated Enterobacter sept-
icaemia except for one with suspected NEe dying. ThUS, as
none of the Enterobacter sept.icaemia without bowel disease



died, the correlation of bowe.l pat.hology with this infection
and death was signiflcant (P<O,OOOl). It is difficult to be
cert.ain that Enterobacter septicaemia was implicated in all
the deaths in view of the fact t}'latfrom so many of these
babies other organisms were isolat~d in addition to the
Enterobacter spp. Nevertheless, 8 of these babies were dead
\vithin a day of them having been cultured for suspected sep\:.-
icaemia. There was no signifi~ant difference in the mortalit-
ies between babies who only had Enterobacter spp isolated from
them and those from whom more than one organism uas isol;;:.t"
6/8 (75,O~~) vs. 9/17 (52,9%) respectiv(11y. Nor wa~ there any
difference in the mortalities if the Entel.'obacter spp isolated
was susceptible or resistant to amikacin, i.e. whether the
baby 'was commenced on appropriat.e or inappropriate anti-
microbials, 3/5 vs. 12/20. The one baby with Enterobacter
meningitis died.

6.4.4 Mu~t~ple Isolates Table 3.29 shows some relevant
clinical details of the babies from whom Enterobacter spp with
different susceptibility patterns was isolated more than once.
Two isolates were obtained from the same specimen frenl one
baby i in the remaining two babies the repeat isol._;',';;esfrom the
blood showed increasinq resistance and the one isolate obtain-
ed from the CSF less resistance than that obtained from the
blood.

6.4.5 HamDSi1:oloSY:'Jlhemean wee of the pat. Its ';..?ithacquired
Enterobact.er septicaemia was 10 750+/-6 270, ..11 (range 1 400-
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25 500/ml) and their mean pla'telet count 92 730+/-92 730/mI

(range 4 000-353 OOO/ml). Three of the 22 babies (13,6%) in
whom FEe I s ''laraavailable had wee's <5 000/1':1.1 and one >"25 000/
mI. sixteen of these babies (72,7%) hQd platelet counts <
100 OOO/ml. There were no significant differences amongst
those babies 'Chat died or those that survived with respect:.to
their wee's and platelet counts.

(;•5 Es.cheti,ghia col ~
6.5.1 Occurrence 'l'herewere 28 isolates of 1L.. Q91.:.i from the
blood and 4 from the CSF in babies who survived for more than
i:hree days over the two year study period 0 Two of the CSF'

cut tures also had concomitant blood cultures w.itIl the aame

sl'.sceptibil.'..ty patterns. T:1.erewere no patients in whom v..
coli with different susceptibility patterns had been cultured
more than once. Fig. 3.16 shows when the 30 babies developed
their E.~ .::;ol;i. septicaemia. ;.s can be seen, it was an uncommon
cause of GNB nosocomial infections accounting for only 10,5%

of thp.se i~$clates. There were on ly one or two Gases a month,
but at the beginning of the second half of 1990 there appeared
to be a small outbreak.

'rhere \Tere equal numbers of males tc females 0 rl'hemean age at

which t:1e babies developed nosoeomdn I l"!. coli septicaemia was
15,3+/-10,8 days (median 10 days, range 4-52 days), and their
mean birth weight 1893g (median 1599g, range 780-3900g). The
"'lards\vhere the babies WE'~",C) thought to acquire their E. (::ol!
septicaemia are depicted in table 3.30 together with the
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Fig 3. '11:5 Nosocomlol b Col1 Septicoemi
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TaQ_1e3. 3Q. J?atien_ts with ~~mil1, B. CoIl:. septicaemia ~ Bir..t1!!,eight

Birth Weights
1000-1499g 1500-1999g 2000-2499g >2499gWards 1<1000g ITotal------+------------------------------~------------------------+---------_.Ieu

1
3 (2)
3 (2)
6(2)

1 (1)
3(3)
2

1
2

3(2)
5 (J.)

4(3)
11(7)
15(3)

Teu
66/67------+--------------------------------------------------~----+------~---.'rotal I 1 J.2 {6) 6(4) 3 8 (3) I 30(13)

Figures ill parerrthes i,s"'"number of babies that died
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numbers that died. once again, the highest number of noso-

comial L coli isolates occurred in ba!:>ieswith birtb weights

of 1000g to 1499g accourrcdriq for 40,0% (12/30) of all these

infections. However,half of the babies appeared to acquire

their infection in wards 66 or 67. This is not in keeping

'ltlith thto other hospital acquired GiNB infections, the highest

proportions of them occurring i.n babies admitted to the leu.
The proportion of babies who acquired 1L.. coli septicaemia ill

the reu, 4/30 (13,3%), is significantly less than the propor-

tion of 'those whoacquLxed Klebsiella sepsis in that ward, 44/

115 (38,3%) (P=0,007).

Seven of the babies wi'th nosocomial 1L.. coli bacrteraemia

(23,3%) had proven and 2 suspected NEe; 1 was on parenteral

nutiz Lt.Lonfollowing surgery for an exompha l os and 3 for other

reasons.

Twelve (40,0%) of these babies had isolates of other organisms

at some stage: 4 Klebsiella spp isolates, 3 each of a yeast,

h e:Q:idermidisand a haemolytic streptococci, 2 ~.-!... faecalis

and 1 each of s. aur~Y.§and Acinetobacter spp. Four of these

(13,3%) Werf'from the same specimen from which the E._.coli was

isolat.ed.

5.5.2 SU~jceptibil_it.YPattern~ Only one of th~ 30 noaocomi.a),

IL.. coli ,isolates was resistant: to amikaci.n and that was iso-

lated after the change in antimicrobial policy with regard to

aminoglycoside usage. It was susceptible to the cephalo-

sporins. There were 12 isolates (4.0,0%)resistant to genta··
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micin, 10 of them occurring after gentamicin \,rasno longer
prescribed. Thus it would appear that nosocomial ~ coli
isolates were becoming more resistant to gentamicin. The
numbers pri.or to the chanqe in policy were too small to
analyze, but using the data from the second half ~f 1988, 2 of
the 16 nosocomial ]!:. coli isolates (1~, 5-t:) were resistant to
gentamicin prior to its withdrawal and 10/2; (41,6%) after
(P~:=O,05) •

Nosocomial ~ £21i isolates ramainen vary s~sceptible to the
third generation cephalosporins. Only two ~solates were
resistant to both cefota:x-imeand ceftaL'(·~r.iime,one occurz-Inq
before and one fifter the change in cepl'l'l,l;-~l)Orinusage.

Six of the nosocomial ~~ ~ol~ isolates wor.e susoeptibl~ to all
antimicrobials including ampicillin, an additional 3 we'::-e
susceptible to chloramphenicol, piperacillin and cotrimoxa-
zole. All were susc~ptible to imipenem.

6.5.3 Mortality Thirteen (43,3%) of the babies with n~so-
comial E.~_ coli septicaemia died; 5 of them were babies with
proven NEC. The two with suspected NEC also died. Th~
mort lity was thus significantly higher if the baby with
nosocomial ~ col_:hsepticaemia also had bowel pathology (7/!n

compared to babies with the samo infection but without bowel
disease (6/21) (P=O,02). Though it is irnpossible to be
certain that the ~...!. coli septicaemia was directly responsible
for the deaths, 8 of the babies died within a day of the
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E. coli septicaemia.

There was no difference in the numbGr of babies who died from
whom only E. coli was isolated compared to those from whom
multiple organisms were isolated, 5/13 vs. 7/17 respectively.
None of the four babies from whom E. coli was isolated in the
eSF died.

6.5.4 ~~ato.iQgy The mean wee was 11 410+/-7 990/ml (range
1 800-29 OOO/ml) and platelet count 204 000+/-131 54o/ml
(range 17 000-509 Ooo/ml). Eight of the 28 babies (28,5%) on
whom FBe Is \'19reavailable had wee Is <5 OOO/ml and one >25 000/
ml. Platelet counts <100 OOO/ml were obtaineu. from 6 (21,4%)
of these babies. There were no differences in the wee's or
platelet c(..untsamongst babies who died compared with those
who survived"

6.6 Miscellaneous Nosocomial GNJ;!Infections
A further 11 miscellaneous GNB were isolated over the study
period fr0M the blood of babies older than three days and 1
from the eSF, the latter having a concomitant blood culture.
Relevant patient details and outcome are shown in table 3.31.

Two of these babies had proven and two suspected NEC; they
all died. One was on parenteral nutrition for an exompha Los
post surgery (the S6.me baby from whom Klebsiella spp and E.
coli were also isolated) and one for other reasons.

other organisms were isolated from all except one of these
babies at some stage, 5 (45,4%) from the Selme specimen, a
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Tabl~ ~3~ ?atients ~~ Miscellaneous Mosoqom~at 9MB septica.mi~
Pt. Weight Sex Ward Spec.date Age(d) site Resistance Died--~--~----~----~------~--------~---~----------------~-~-------~--------~---~
a) Citroba.pj;_erE.ru2T.M, 1650 M ICU 20/10/89 4: B Ap,G,T,Ch,pi YM.M. 1510 F TCU 25/11/89 11 B Ap.Cf,Ct,Pi NJ.B. 3500 1;1 Teu 07/05/90 26 B Ap,G,T,Cf,Co,Ch,pi NB.M. 2:310 F TCU 02/09/90 23 B Ap,Ch NN.M. 780 F TCU 23/10/90 8 B Ap,Cf,ct,pi N
!?lAcinetobacte~ ,gp.n
R.M. 1560 M rcu 04/08/89 16 B Ap,G,T,Cf,ct,Co,Ch,Pi,I y
T.M. 1080 F reo 1~./12/89 22 B Ap,Ak" cr, Co, Ch, Pi Yc)Flavobacter EPP-
S.M. 1000 M leu 07/11/89 13 B Ap,G,T,Co,Ch Y
P.O. 1080 F TCD 29/12/89 10 B nil y
d}Proteus §tIm
S.M. 2700 F rcu 28/11/89 5 BIC nil y
T.M. 1050 ~1 rcu 17/04/90 11 B Ap,G,T,Co,Ch,Pi Y.
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significantly higher proportion than amongst any of the other
acquired GNB except Enterobacter spp. Only 10 (6,8%) of the
131 Klebsiella spp isolates had another organism cultured from
the same specimen (P=O,OOOS). There were :3 isolates each of
Enteror~r.ter spp, Klebsiella spp and ~ epidermidis, 2 each of
Pseudomonas and Serratia spp, and 1 each of a yeast, ~~ co~i
and E. faecqlis amongst the~e patients.

6.7 Summary
6.7.1 Occurrenc~ ThUS, a total of 265 nosoccmially ac~~ired
GNB isolates were obtained from the blood and 28 from the CSF
during the 't:woyear period. Excluding CSF cultures t.hat had
mat.ching blood cultures, there we'i:ea total of 284 GNB iso-

lates from babies older than three days. As approximately
1500 blood cultures per year are sent from babies who have
suspected nosocomial infections, this gives a yield of 8,8%.
The yield is even lower (1,7%) for the CSF's sent for cultu:r:e
in that about 800 are sent per year. The breakdown of these
organisms is given in table 3.32. As already mentioned, the
most common cause .-;,f nosocomial GNB infectiol1s :is that due to
Klebsiella spp accounting for 46,1% (131/234) of all the iso-
lates followed by Pseudomonas spp (51/284) (17f9~) with
Serratia spp, ~ col~ and Enterobacter spp making up the
remaining third.

As can be seen from fig. 3.17, Klebsiella spp became a less
important cause of nosocomial infections accounting for 36,2%
(54/149) of these isolates in 1990 compared to 57,0% (77/135)
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Fig 3.17 Nosocomial Gram Negative
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Tabl§ 3.32 Nosocomial ~ Isolates
organism IBlood CSF Total Patients---~----~----+----------~------------------~------Klebsiella 122 14 131 115
Pseudomonas 48 4 51 45
Serratia 28 4 32 26
E. Coli 28 4 30 30
Enterobacter 28 1 29 25
Miscellaneous 11 1 IJ. 11-------------+---------~--------------------------Total I 265 28 284 222*
* This does r )t equal the sum of the patients with individual organisms at
more than one nosocomial GNB was isolated from 26 patients.

Table 3.33 Patients with Nosoco~ial GNB Infections
Birth Weights

Wards !<1000g 1000-1499g 1500-1999g 2000-2499g >2499g ITotal------+--------------------~-------~-~-----------~-----~-~---~+----~-----.rcu 1(7,1)
20(14,9)

54(15,4)
36(4,4)
17(2,1)

27(13,0)
17(2,5)
10 (/5)

6(4,6)
2 ( , 5)

2 (,2)

7(3,6)
14(1,8)
9 (,4)

96(10,7)
88(3,1)
38 (,6)

Teu
66/67

------+~------------~--------------------------------------~--+----------.Total 121 (1.5,0)107(9,7) 54{2,9) 10 (,9) 30(1,3) 1222(3,5)
Figures in parenthesis = % survivors beyond 3 days with nosocomial GNB
sepsis
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in 1989 (P=O,0006), as did En'terobacter spp, 7,4% (11/149) vs.
13,3% (18/135) (P=N/S). Serratia spp became a common isolate
in the second year accounting for 19,5% (29/149) of isolates
in 1990 vs. 2,2% (3/135) in 1989 (P=<Of0001). ~ coli
accounted for 6,7% (3/135) of isolates in 1989 and 14,1% (21/
149) in 1990 (P=O,0007).

These isolates ~ccurred in 222 babios older than three days,
26 (11,7%) babies having more than one GNB isolated from them.
This means that 3,5% (222/6349) of the babies admitted to the
Neonatal Unit that survived for more than three days had
culture proven nosocomial GNB septicaemias. The breakdown of
the wards where these babies were thought to acquire these
infections according to their birth weights is shown in table
3.33. These figures expressed as percentages of the admiss-
ions to a particular ward that survived for more than three
days are also shown. If a baby had more than one nosocomial
GNB infection, data for the first episode was analyzed. The
babies with the highest number of nosocomial GNB cultures were
those with birth weights of lOOJg to 1499g admitted to the
lCU, 54 of which became infected. These babies were also
amongst those with the highest incidence of nosocomial GNB
infections, together with babies <1000g, 15,4% (54/351) and
15,0% (21/140) respectively. Babies with birth weights of
1500g to 1999g admitted to the reu also had a high incidence
of acquired GNB infection of 13,0% (27/208). 48,4% (107/221)
of all those babies with nosocomial GNB infections were those
with birth weights of 1000g to 1499g. Babies with birth
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weights >2400g seldom developed nosocomial GNB infe·ctions.
10,7% (96/899) of babies admitted to the tcU developed GNB
se.pticaemia and 3,1% (88/2794) of those admit'l..edto the TeU.
Few babies acquired GNB septicaemia in wards 66/67.

The :r.atioof males to females was equal. 'l'hemean age at
which these babies developed their hospi tal aC~Juired GNB
infection was 14,2+/'~1J./1 days (range 4-60 days), babies who
developed Serratia septicaemia being older than those with
Pseudomonas septicaemia, mean of 19,7+/-13,2 days vs. 13,5+/-
11,0 days (P=0,02). The mean weight was 1606+/-727g (rang~
720-4140y), babies with acquired ~ coli septicaemia being
heavier than those with Klebsiella or Pseudomonas septicaemia,
1913+/-842g vs. 1594+/-718g and 1499+/-687g (P=0.02).

6.7.2 Association with Necrotisip~ Enterocolitis The pro-
portion of babies with proven NEe that also had proven GNB
sepsis was nruch higher than that of those with suspected NEC,
40,6% (50/123) vs. 20,3% (40/197) respectively (P=0,001) (see
table 3.34). These rate~ though are much higher than that of
neonates without bowel disease, 132/6029 (2,2%) (p<O,OOOl).
The proportion of babies with s~Jpected NEC from who GNB were
also isolated was greater the smaller the baby, 3~,3% (7/21)
of those with birth weights <1000g also having GNB sepsis and
6,7% (2/30) of those with birth wej.ghts >2499g (P=0,03). as
for the babi~s with proven NEC, those with birth weights
between 1500g to 1999g had the highest incidence of proven GNB
sepsis, 53,3% {16/30}0
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NEC 1<1000g
Birth Weights

1000-1499g 1 '0-1999g 2000-2499g >2499g ITotal------+-----------------------. ~------------------- ---------+----------.Proven 1(25,0) 32(43,8)

20(23,5)

16,53,3)

?NEC 7(33,3)

1(11,1)

2(10,0)

o 50(40,6)

40(20,3}2~6,71

Figures in parent.hesis =: % babie~ with NEC that alSlo have GNB

Organism I Total I Proven NEC
n=123

'~uspected NEC
n=197-------------+-------+---------------------------------Klebsiella 115 32 22

Pseudomonas 45 2 6
Serratia 26 5 5
E. QQ..Jj,_ 30 7 2
Enturobacter I 25 9 t5
Miscellaneous 11 2 2- + +__. .. ~_...__.........c.. ... -"'4,. .......-~

Total 222* I 50* 40*

* This does not eoua l the sum c t.heindividual orgslnisms as more than om
GNB was isolated from several patients
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Table 3.35 shows the organ':'smsthat were it:>olatedfrom t.hese
babies. Klebsiella spp were the most common, being isolated
in 26,0% (32/123) of the cases of proven and 11,2% (22/197) of
suspected NEe. The highest proportion of a ncsocom~al GNB in-
fections associated with bowel disease was that due to Entero-
bacter spp, 36,0% (9/25) of patients with this infection
having proven and 24,0% (6/25) suspected NEe, but this was not;
significantly higher than was found in patients wi~h Klebs~
iella septicaemia, 27,8% (32/115) having proven and 19,1% (22/
115) suspected NEe.

The numb~r of cases of proven NEe and acquired GNB sepsis each
month over the two year study period is shown in fig. 3.18.
This shows a peak in thc number of babies with NEe during
December 1989 assccic.ted with an increase in GNB aeps Ls , The
peak in the number of babies with GNB sepsis in December 1990
was mainly due to an outbreak of Pseudomonas septicaemia and
was not associi'\tedwith an obvious increase in cases of proven
NEe.

There were no significant d5.fferences in the mean birth
weights of those babies that had only Jroven NEe compared too
those with the &'imepathology put with associated nosocomial
GNB septicaemia, thou~h the latter tended to be smaller
(1574+/-621g VB. 1394+/-298g respectively). Lik( j.'~e;those
with sL~spected NEe and nosocomial GNB infection we:C:'ealso
smaller, 1367+/-483g vs. 1728+/-805g (P=O,Ol), than thos~
without an associated positive culture.
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6.7.3 Mul.t:tple prm~.nisms More than one type of nosoco:mial
GNB was isolated from 26 (11,7%) of the patients with acquired
GNBsepticaemia, 6 of them at the same time (involving 5 iso-
lates of Klebsiella and Enterobacter spp, 3 of citrohacter spp

and 1 each of PSleud.omonas app , .E. coli. Serratia and Acinetcv

bacter appj , other acquired orgallisI'Ils such as yeasts and GPB

tvet'e also isolated, 2 at. the same time as the GNB, from 11 of

these patients. Another 61.patients had other organisms iso-

lated from t.hemas well as the one GNB, 17 at the same time.
'rhusI in 87 (39,2%) patients with nosocomi ~l GNBsepticaemia
oth~r hospital acquired organisms w~re also isolated at some
stage; i'1 fact, in 26 (11,7%) from the same specd.men , These
01.. .er organisms consisted of~ 36 isolates of yeast, 20 of 9..!-

.@.n:idermJcLi§L.. 13 of F!..!. fat?ca1.is, 11 of s. aur~-t.. 6 of a haemc-

lytic streptococci and one Bacillus spp , 'rhose which grew

fr ·m the same specimen as the GNBare reflected in table 3.36.
Babies who acquire GNB sepsis in the unit appeared tv be at

increased risk for developing a second episode of GNBsepsis,
18/222 (8,15'.;) had another GNBisolated from them which is 2,3

timeE';t:.he general incidence of GNBSEJltsis seen in the unit (1'=

0,001.). They ar(~ a'l sc at a much great(;1rl~isk of having a
systemic fungal infection, 36/222 (16,2%) VB. 76/6027 (1,3%)
amongst babies that never had a hospital acquired GNB septic
episode (P<O,OOOl~.

6.7.4 SUl3ct'll.:til?i.Ltt.Y. Patt.erns.
a) 'rile Cephalosporin~: 1-..summary of the susceptibility patterns

of the var i.cus hospital acquired GNB during the pez'Lods of
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TablQ, 3. 36 9~nis..m.!! Isolated .from the §~ Specimen U the Gram !{~gative

IKlebsiella Enterobacter E. Coli Pseudomonas serratia ITotaJ------------+----------------~-----------~-----~~~~-----~-~-~-----~---+----.

I------------+---------------------------------------------------------+----.
2 1

2

2
1

2*
3
7
3

Yeast
s. e:tLi~derm
1h. aureus
E. fae.calis
O! haem. strep

2
:.>.

2
].

1
1
1

4

2

Totdl 6 6 3 3 2 19
*I<J.ebsiellaspp, Enterobactei:...spp and S. epidermidis isolated same time frol1
one pat.ient
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liberal cephalosporin usage and limited use is shown in table
3.37. Data available on 92 cultures obtained in the latter
half of 1988 are included. As can be seen, cefotaxi.me suscep-
tibility of all the hospital acquired GNB inf~ctions obtained
during the two year study period was 48,9% (139/284), whereas
that of ceftazadime 79,9% (227/284). ~ coli isolates had the
highest susceptibility to both cephalosporins, 93,4% (28/30),
and Pseudomonas spp the least, 7,8% (4/51) for cefota~ime and
64,7% (33/51) for ceftazadime. Serratia LsoLaties were also
very resistant to cefotaxime but susceptible to ceftazadime.
Despite restricted use of the cephalosporins, the resistance
overall to both cefotaxime and ceftazadime inoreased sig-
nificantly, from 35,7% (41/115) to 57,8% (67/116) (P=O,0009)
and 7,0% (8/115) to 23,3% (27/116) (P=O,0005) respectively.
This was mainly due to increasing resistance amongst the
Klebsiella, Pseudomonas and Enterobacter spp.

b}The aminoglycoDides: A summary of the resistance patterns of
all the nosocomial GNB isolates t.o the.two aminoglycosides
used in the un i.t; before and after changing to first line
amikacin usage is shown in table 3.38. The resistance to
amikacin incre~sed significantly onoe this policy was adopted,
from 9,5% (8/84) to 24,5% (49/200) (P<O,OOOl). This deter-
ioration in susceptibility was mainly due to the Klebsiella
isolates becoming increasingly resistant and to the emergence
of Serratia spp as an Impor-tune cause of nosocomial sept-
icaemia, isolates of which were large.ly amikacin resistant but
qentamicin susceptible.



101

Table 3.37 ~ercentage cephalosporin Resistance
organism Liberal Use

Jul 88-Mar 89
1'1=115

No Usage
Apr 89-Apr 90
11=145

Limited Use
May 90-Dec 90
n=116

Total
Jan 89-Dec 90
n=284+-------+-------+-------+-------+-------+-------+-------+-----ICefo Iceft ICefo Iceft ICafo Iceft Icefo ICeft--_._--------+-------+-------+-------+-------+-------+-------+-------+-----Kle!:.c;iella 33.9 5,1 35,8 13,4 52,1 27,1* 43,5 19,1

Pseudomonas 73,3 13,3 91,2 52,2* 92,6 22,2 92,2 35,3
serratia 79,0 0,0 84,6 23,1

I
81,3 9,4

E. poLi 7,6 7,6 0,0 0,0 5,6 5,4 6Q6 6,6
Enterobacter 0,0 0,0 25,0

I
15,0 50,0* 50,0* I 27,6 20,7

MiscellaneouG 66,6 8,3 42,9 28,6 50,0 25,0 45,5 27,3-------------+-------+-------+-------+-------+-------+-------+-------+-----Total 35,7 7,0 I 46,9 I 18,0* I 57,8* I 23,3* I 51,1 I 20,1
* p=<O,05 when compared to previous % resistance

Table ~38 Pereentag~ ~inogly'cosideResistance
organism Gent 1st line

Jan 89-Sep 89
n=84

Ami 1st line
Oct 89-~ec90
n=200 n==284

Total

+-------+---~---+-------+-------+-------+------IGent IAmi IGent IAmi IGent IAmi-------------+-------+---~---+-------+-------+-------+------Klebr:;iel1.a 84,4 1,7 75,6 34,7* 78,6 19,8
Pseudomonas 92,3 46,2 73,7 15,8 78,4 23,5
Serratia 12,5 37,5 12,5 37t5
h coli 33,3 0,0 41,7 4,2 34,5 3,4
Ente~obacter I 40,0 20,0 33,3 16,7 40,0 17,3
Miscel1aneoUS(100,O 0,0 40,0 10,0 45(5 9,1-------------+-------+-----~~+-------+-------+-------+-~~--~~~otal I 79,8 9,5 I 53,5* I 24,5* I 61,3 20,1
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The resistance to gentamicin of the nosocomial GNB appeared to
improve significantly after this drug's withdrawal from the
unit; from 79,8% (67/84) to 53,5% (107/200) (P=O,007). How-
ever, this was not due to any improvement in the suscept-
ibility amongst the established GNB, but rather due to the
emergence of Serratia spp during the second period, 87,5% (28/
/32) of which were susceptible to gentamicin.

Altogether, amikacin susceptibility of all hospital acquired
GNB infections was 79,9% (227/284) and that for gentam.lcin
38,7% (110/284). In\~bsieJ.laand Pseudomonas isolates were the
most resistant to gentamicin, Serratia isolates the most
susceptible. II. col i isola'tea were the most susceptible to
amikacin and Serratia spp the least. The susceptibility to
tobramycin, an aminoglycoside tha't had never been used in the
Unit, was much t~tte' than that due to gen .micin for all GNB
isolates except Serratia spp of which only one of the 32
isolates was susceptihle and Enterobacter spp of which 41,4%
(12/29) were resistant. 90,0% (27/30) of the lL.. coli isolates
were susceptible to tobramycin, significantly more than were
susceptible. to gent .....l1l.1.cin(1'=0,02). Likewise, Klebsiella and
Pseudomonas isolates were more susceptible to tobramycin than
gentamycin, 38,9% (51/131) VS. 21,4% (28/131) (P=O,003) and
35,3% (18/51) vs , 21,6% (11/51) respt:!ctively (P=N/S).

c)other antimicrobials: ""hlorampheniccl suscep'tib:i.lityof all
nosooomial GNB isolates was 35,9% (102/284), that for pipe.r-
ac i.Ll.Ln 23,2% (66/284) and cotrimoxazole 18, Ol'o (5:1./284). Only
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4,2% (12/284) of these isol~tes were susceptible t~ ampicill-
in. sixteen (5,6%) were resistant to imipenere. A summary of
the individual organisms' resistance patterns to these anti-
microbials is given in table 3.39. The highest resistance to
imipenem was found amongst Pseudomonas isolates which were
also very resistant to ampicillin, chloramphenicol and co-
trimoxazole, but relatively susceptible to piperacillin. Hal"f
of the Serratia spp and 47,3% (62/131) of the Klebsiella iso-
lates were susceptible to chloramphenicol.

6~7.5 Mortality 124 of the 222 babies with cultUre proven
hospital acquired GNB septicaemia died, a mortality of 55,8%.
The breakdown of the babies w' ~ died of nosocomial GNB sept~
icaemia according to their birth weights and the wards where
they ,.,erethought to develop their infection is shown in table
3.40. The highest mortaJ.ity was amongst babies with birth
weights <1000g, 71,4% (15/21) of those who developed a GNB
noaocomf aj infection died. 'l'he lowest mortal ity was amongst
babies with birth weights >2500g who developed GNB septicaemia
in wards 66/67, 22,2% (~/9). In fact, death due to nosocomial
GNB septicaemia accounted for 25,4% (124/489) of all deaths
after three days of age. It made up the highest proportion of
deaths after three days of age amongst bd.bies with birth
weights of 15DO<J to 1999g in whom it accounted for 40,5% (30/
74) of these deaths (see fig. 3.19), cf. babies with birth
weights <1000g who had the highest mortality but amongst whom
it aacounted for only 22,1% (15/68) of the deaths after three
days of age (P=O/O~).
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Table ~ Percent~..ru! R,esistancEt of Nosooomial Gram Nag@.tive organisms

organism 1 Ampi Chlo:!: Cotri Pip______ ,.; eoo."'-,+ .... .... o., .__ (..P:>( .. ''''''''"'"A!'.~_

Klebsiella 99,2 52,7 82,4 95,4 :;! ,: 3
Pseudomonas 100,0 96,1 J 00,0 37,2 ;t;3,5
Serratia 100,0 50,0 87,5 81,2 0,0
!h Coli 80,0 70,0 70,70 70,0 0,0
Enterobacter B9p6 72,4 6l,9 68,9 0,0
I1iscellaneous alga 54,5 45,4 63,6 9,1~---------~--+----~---------~--------~-~-~-----------'l'otal 95,8 64,1 82,1 76,S 5,6

Tabl§ 3.4~ _R~aths ~~e to Nosocomial ~ram Negative septicaemia

Birth Weights
Wards l<looog 1000-1499g 1500-1999g 2000-2499g >2499g ITotal-~----+------~-----.-------~---------~----------~--------------+---------_.:teu

).4 (70 f 0) °
3(42,8)

6(42,8)

2{22,2)

57(59,3)
54(61,3)
13(34,2)

1(100) 35(64,8)
22(61,1)

7,1)

15(55,5)
12(70,6)
3(30,0)

3(50,0)
TCU
66/67 o
------+-------------------------------------------------------+----------.
Total I 15(71,4) 65(60,7) 30(55,5) 3(30,0) 11(36,6) 1124(55,8}
Figures if}pa'rerrches.Ls =: % of babies \d th GNB that died

Table 3.4;'1" Nosocomial Gram Negative !7eni.ngitis

IAssociated Blood Culture I
IPatient IMeningitis (%) +-----------+---------·--,-+Death
I ISame IDifferent I-------------~--------+-------------+-----------+--------.---+------Klebsiellu. 115 14(12t2) 5 4 I r

Pseudomonas 45 4 (8,9) 1 2 4
serratia 26 4(15,3) 4 3
E. col i 30 4 (13.3) :2 0
Enterobacter 25 1 (4,0) I 1 1
Miscellaneous 11 1(9,1) 1 1-------------+--------+-------------+----------- ------------+------

organism

Total I 222* 2R(12,6) 9 I 11 I 14
* '.rhisdocs not equal the sum of the individual organisms as several

patiE'....":.,;.'c, ' a;11.1::;e than one GNB organism isolated from them
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a)Mortality with bowel diseasft: The mortality from proven NEC
was not worse if there was or was not an associated curcure
proven nosocomial GNB infectinn, 40/50 (80,0%) vs. 51/71
(69,8%) respectively. However, the mortality of babies with
suspected NEC was significantly worse if therG was an
associated GNB septicaemia, 52/105 (49,5%) vs , 28/40 POvO%)
(P<O,OOOl).

As mentioned before, the mortality due to hospital acquired
GNB infection was significantly increased if the baby al~o had
suspected ot: proven NEC with respect to those babies front whom
Klebsiella spp, serratia spp, Enterobacter RPP or ~ poli were
isolated. Of the 132 babies with nosocomial GNB septicaemia
but neither proven or suspected NEC, 56 (42,4%) died. Thi:..'jis
significantly lower than the mortalities of the babies with
nosocomial GNB infection and proven NEC (80,0%) (40/50) (P<
0,0001), or suspected NEC (70,0%) (28/40) (P=0,004).

Fig 3.18 ShO\<lS the percentage deaths after three days of age
due to proven NEC alone, together with proven GNB 8eps:ls and
due to acquired GNB sepsis alone. As can be seen, these cond-
it:'.onsaccounted for a subat.arrt.Lel, proportion of deaths after
three days of age in the weight C':.tegoriesJ.OOOg to 1499g and
1500g to 1999g, 4568% (99/216) and 51,4% (38/74) of the deaths
r.espectively. Deaths due to these conditions are much less
important in the babies with birth wei<;,.ts>2499g accounting
for only 15,8% (13/82) of deaths after three days of age.
Nosocomial GNB sepsis was an important cause of death amongst
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babi'9s witb birth '\veights<1000g accounting for 15/67 (22,4%\
of the deaths occurring af.ter th.r.eedays, but proven NEC '(..rae
not, aocount.Lnq :o:t:'only 4 of these deaths (6,0%) (P=0,009).

b)H:ortality with mUltiple isolates: There were no significant
difff"rer.cesbe-tween the mortalities of the babies from whom
mOl'e t:.an one different GNB organism \-Jasisolated (12/26)
(46,1%) compared to that of th~ babies in whom more than one
type of organjsm was isolated (45/87) (51,7%) or that of the
babies in whom only the one GNB organism was isolated (79/135)
(58,5%) •

c)Mortality with changing antimicrobial policies: Even though
it appeared that the mortality due to nosocomial Klebsiella
septicaemia improved "lfter switching to amika.cin as the sole
ami:r:oglycoside in use, the overall mortality due to nosocomial
GNB septicaemia was not changed either adversely or for the
better; 47 of the 74 babies (63,5%) with acquired GNB sepsis
died before the change and 77/148 (52,0%) afterwards (P==O,l).

Nor did the mor.tality due to GNB septicaemia Lncr-ee se after
changing from amikacin and ceftazadime to vancomycin and
amikacin for suspected nosocomial sepsis as might have been
anticipated. sixteen of the 24 patients (66,7%) with acquired
GNB septicaemia died before the new policy was implemented and
108/198 (54,5%) afterwards (P=O,25).

6.7.6 Meningitis Th€re were altogether 28 isolates of GNB
organisms from the CSF of babies older than three days of age
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during the two year study period. Most of these isolate were
of Klebsiella spp but that i~ not surprising as that was the
most co~~on cause of nosocomial GNB septicaemia. In fact,
12,2% (14/115) of the babies with nosocomJ.al Klebsiella sept-
icaemia had an associated meningitis. Babies with nosocomial
serratia septicaemia had the highest rate of associatel!
meningitis of 15,4% (4/26) and those with Enterobacter spp the
lowest, 4,0% (1/25) (See table 3.41). Twenty (71,4,%) of these
cases of meningitis had associated positive blood cultures but
only 9 of them h~d the same susceptibility patterns as the
isolate from the blood.

Fourteen of the babies with nosocomial GNB meningitis died
giving a mortality of 50,0%, not any higher than the mortality
of babies with GNB infection but without culture proven
meningitis.

6.7.7 Haem9toloq~r. FBC's were available on 211 of the 222
patients with nosocomial GNB septicaemia. The mean wee of
these babies was 12 590+/-11 030/ml (range 1 000-85 700/ml)
and the mean platelet count was 145 120+/-118 120/ml (range 3
000-509000/ml). Forty-two (19,9%) of the babies had wee's
<5 OOO/ml and 13 (6,2%) >25 OOO/ml. Ninety-six (45,7%) had
platelet courrcs <100 ODD/mI. Only the platelet counts of
babies with seudomonas or Serratia septicaemia were ~ig-
nificantly different between babie.s that survived and those
that died. If all the babies with nosocomial GNB septicaemia
are analyzed, there is still a significant difference in the
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mean platelet counts between babies that survived &nd those
that died; 175 530+/-130 880/ml (range 9 000-509 000/m1) vs.
120 470+/-100 600/ml {range::} 000-432 OOO/ml) respectively (P=

0,03). In addition, 35/95(3618%) of the babies that survived
had platelet counts <100 OOO/ml compared to 61/116 (52,5%) of
the babies that died (P=0,03). There were no significant
di 2'ferencesbetween the wee Is of the babies that survived
compared t:othose that died either for the individual organ-
isms or for the whole population of babies with nosocomial GNB

aepti Lcaemd e .

~ ~OSOCON~ SYSTbvgc FUNGAL INFECTIONS
7.1 Occurrence
During the '\::.woyears of study, Candida spp were isolated f:r.om
the .blood oj: '.92babies older than three days and from the C:SF
of 6 babies, ()DIyone of them not having a concomitant blood
cu1ture. Tc:tnLlopsisglabrata was cultured from the blood of
16 babi~s and concomitantly from the C8F of two of them. In
addition, other fungi were isolated from the blood of 3
babies. ThUS, 112 babies acquired a systemic fungal infection
dt1ring their stay in the Neonatal nn,t There appeared to be
an epidemic of systemic fungal infections due to Candida spp
in 1989, 58 of the cases occurring then and only 35 the next
year. Most of the latter occurred during the first three
months of 1990. As there were 3 245 babies that survived
beyond three days in 1989 and 3 104 in 1990, this decrease in
the numbers was significant (P=0,03). All but two of the 16
'I'orulopBisglabrata isolates occur-red l.il 1990, 13 during
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November and October (see fig. 3.20).

The breakdown of where these babies were thought to acquire
'cheir systemic fungal infection according to birth weights is
given in table 3.42. These figures expressed as the percent-
age of survivors b~yol'ldthree days that developed a systemic
fungal infection are given in parenthesis. All but one of the
cases came from the high care areas; the highsst incidence
occurring c:.••,ongst babies admitted to the lCU, 56/899 (6,2%)

vs. 55/2794 (2,0%) of the admissions to TCU (P<O,OOOl). The
highest number of cases was amongst babies with birth weights
1oo0g to 1499g, but the highest incidence was amongst babies
wit.h birth tveigr.ts<' nOOg, 11/14(.,(7,9%) of th~m developed a
systemic fungal infection. Babj~s with birth weights >1499q

had a :ignificantly lower incidence of systemic ::':'ungal
infection than those with lower birth weights, 1,0% (51
/5226) vs. 51~% (61/1123) (P<O,OOOl).

The male to female ratio was 1,5:1. The mean birth weigbt of
ttl!:'! babies with systen~ic fungal infections was 1607+/-6871
(ra.(Jge740-3900g), and the mean age at wh Lch they acquired
this infection 22,0+/-15,0 days (range 4-90 days). The ages
at which these babies becaroe inftlcted are shown in fig. 3.21.

'rwe':1ty-four(21.4%) of the babief'~with a systemic yeast
infection also had proven NEC, 25 (2.~,3%) suspected NEC and 9
(8,0%) were on parenteral nutrition for other reasons. This
was as strong an associatior with bONel pathology as that
shown by babies with noaocomi.aL Klebsiella septicaemia
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Table 3.42 Nosocomial ~""ystemicFungal ,Infections P..'! Birth weight

Birtl1 Weights
Wards 1<1000g 1000-1499g 1500-1999g 2000-2499g >2499g ITotal------+---------------------------------------------------~---+------------rcu
reo

66/67

4(28,6)

7(5,2)

26(7,4)

24(2,9)

14(6,7)

12(1,7)

1 \,05)

4(3,1)

7(1,8)
8 (4,1)

5 ( ,6)

56(6,2)

55(2(0)

1 (,02)

------+-------------------~-----------------------------------+------------1112(1,7)Total I 11(7,9) 50(5,1) 27(1,4) 11(1,0) 13 (,6)

Figures in parenthesis = % of babies vl~~r than 3 days with fungaemia

Ta~~o 3. 43 Ri~~ Faotors for Acquiring Systemj,e Fungal Infection

I Data I P value I O.R. 95% C.L.-----------------------------+---------------+---------+--------+-----------
Sex: M vs. F
Weight: <1, 5Kg vs . 1,5-2, 5Kg

" 1,5-2,5Kg vs. >2.,5Kg
Wards: leu vs. Teu

" TCU VB. 66/67
2314,0
NEC: Proven vs. suspected

" suspected vs' none
Parenteral nutrition VB. none
Klebsiella sepsis vs. none

1

67/3463:45/2886
61/1123:38/2949

1

38/2949:13/2277
56/899:55/2794

55/2794:1/5918

24/114:25/197
25/197:b3/6038
58/380:54/5969
25/1).5:87/6234

0,3
<0,0001
0,01

<0,0001
<0,0001

0,07
<0,0001
<0,0001
<O,OOel

Wards 1<10009
Birth 't'1eights

1000-14999 1500-1999g 2000-2499g >2499g

1,25
4,40
2,27
3,:U

118,82

1,83
13,79
19,7
19,63

0,84-1,86
2,86-6,77
l,l7-4,50
2,22-4,92

17,81-

0,95-3,55
8,22-23,00

13,16-29,58
11,65-32,89

lCU------+------~------~-~-------~-----~~--------~~----------~--~+---------~--ITotal

TCTJ
66/67

3(75,0)

2(28,6)

16(61,5)

9(37,5)
6(42,8)

2(16,6)

o

2(50,0)

4(57,0)

6(75,0)

o
33(56,9)

12(21,8)

o----~-+~------------~----------~--~----------~----------------+------------
'rotal I 5(45,5) 25(50,0) 8(29,6) 6(54,5) 6(46,1) I 50(44,6)

Figures in parenthesis::":!% mortalit.y of babi(!s with systemic fungal sepsis
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A summary of the risk factors for developing a systemic fungal

infection is given in table 3.43. As was fou~d for nosocomial

Klebsiella septicaemia, sex was not a risk factor but decreas-

ing birth weight and increasing level of care required by a

h~by were; babies admitted to wards 66/67 having a very low

risk of developing a systemic fungal infection. However, un-
like with nosocomial Klebsiella septicaemia, there '\las riot a

great~t" risk in developing a fungal infection if the baby had

proven as opposed to suspected .NEC.

other nosoco:mially acquired organisms were isola~ted from 63

(56,2'%) of the ba.bies with sysrcem.Lo fungal infections at some

stage, 13 (11,6%), in t'ac'c, from the same specimen as the

fungus. Klebsiella spp was cultured from 25 {22,3~<I) of these

babies, ~ ~l2.idE).rIJd.disfrom 18, .~ aureus from 10, Pseudomonas

5pp from 8, E. "faecalJ..§. from i', Enterobacter spp from 6, E.
coli from :3 and serratia spp, Bac:illus spp, a haemolytic

Streptoc~.cc .., and anae.rob i.o bacteria from 2. AClnetobacter spp
WClS isolated from one baby prior co the fungus. Of these, 3
isolatetr-: of s. 2J~Ji and ~ ,taecalifiL., .2 of S e, epide~is .s:

Enterob~.cter and Klebsiella SPPI and one Pseudomonas spp were

cultured at the same time as the yeast. Of the remainder of

the 2:: >':1I.biesfroM whoma Klebsiella spp was also CUltured,

tIle lease was isclated prior to the Klebsiella spp in 8 babies

and c1fter in 15. Altogether, there were 38 babies from Whoma

yeast and at least one nosocomi.af.Ly acquired GNSwere isolated

at some ~tage, and of these 7 had NEC, 9 suspected NE:C and 5

were on parent£:::.:::1nut.r-Lt.Lon ,
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7*2 Mortality
Fifty (44,6%) of th~ babies with a systemic fungal infection
died, a similar mortality as that found amongst babies with
nosocomial Kle~siel1a septicaemia. Nine of ~hese babies had
Torulopsis glabrata, thus the mortalities for the various
fungi were similar. The wards in uhich these babies died are
reflected in table 3~44 together with the percentage mortality
for the individual weight categories in par€nthesis. Deaths
due t~ ~'~gal infections accounted for 10,2% (50/489) of all
deaths after three days of age. The mortality of babi.as "Tho
acquired their fungal infection in the lCU was much higher
than that of babies in the TCU, 33/56 (56,9%) vs. 12/55
(21,8%) (P=0,0001), but, unlike what is seen with the noso-
comial GNB infect1.ons, the mortality from systemic fungal
infections was not higher in the babies with the lower birth
weights, the mean birth weight of babies that survived being
1603+/-614g (range 830-377g) vs. 1611+/-775g (range 1050-
3900g) of those that died.

The time intervals between the culture of the yeasts and the
babies' deaths are shown in fig. 3.22. Eleven (22,0%) died
within a day of havi.ng been cultured for suspected sepsis, a
smaller fraction t.han is found with babies with nosocomial
Klebsiella septicaemia, 25/65 (38,5%) (P=O,6).

T.~irty-four (58,6%) of the Fi8babies with bowel pathology or
on i~yperalimentCl.Lionfor another reason plus a systemic yeast
infection died, a signifidantly higher mortality than was
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found amongst the rem.ainder of the babies with this .Lnfec:tion
but without bowel in~olvement, 16/54 (29,6%) (P=O,003). HoW-
ever, if one analysed the mortalities of the babies with
proven and suspected NEC individually, 12/ 24 (50,0%) arid 16/
25 (64,0%) respectivelv, it was only thp. latter that wafS
significantly higher than that of babies with systemic fungal
infection but without bowel disease (P~0,008), though these
two mortalities are not themselves significantly different.

Thirty (47,6%) of the babies from whom multiple organisms were
isolated died, a similar mortality as that of the remaining
babies with systemic fungal infection only, 20/49 (40,8%).

six (75,0%) of the babies with a fungal meningitis died, the
numbers being too small to determine if having a fungal
meningitis carried a higher mortality than fungaemia alone.

7.3 Treatment
Twenty-eight (25,0%) babies with systemic fungal septicaemia
died before their culture results were available without
having been on antifungal therapy. The remainder were treated
with am.photericin B; 20 in addition were put onto 5-fluro-
cytosine and ketoconozole Was used in 3. 'rhe mortality
amongst the treated babies was thus 26,2% (22/84), 14 (22,9%)
of the babies on amphotericin B alone dying compared to 6

(26,0%) on additional antifungal therapy (P=N/S).

7.4 Haematology
The mean wee of the 108 babies with systemic fungal infections
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on whom a FBe was available was 12 650+/-10 260/ml (range
1 400-68 800/ml) and the mean platelet count 134 310+/-156 440
/rel (range 3 000-834 OOO/ml). There was a significant diff-
erence betlrJeenthe mean platelet coun t.sof those babies that
died compared to those that survived, 107 460+/-140 900/ml
(range 3 000-634 OOO/ml) vs. 155 800+/-165 8DD/ml (range 7 000
-834 DOO/ml) (P=O,Ol). However, of the 63 babies with plate-
let counts <100 Ooo/ml, .'2survived and 31 died. There was no
difference in the mean wec's of those babies that died and
those that survived, 12 830+/-8 6S0/ml (range 1 110-4J 200/ml)
vs. 12 510+/-11 590/ml (r; 1e 2 000-68 800/ml). sixtsen
babies had wee's <5 OOO/mi of whmn 10 died and 11 had wce's
>25 OOO/ml of whom 5 died.

~ GRAM POSITIVE NOSOCOMIA~ ISOLATES
S.l Occurrence
GPB were isolated from the blood 200 times and from the CSF 47
times from 208 babies older ~han three days, several babies
having more than one isolate. None of the CSF's had a con-
comitant positive blood culture with the same susceptibility
patterns, except for the GBS. The breakdown of the types of
organisms involved and where the babies were thought to
acquire them is shown in table 3.45. The most common isolates
were ~ epidermidis, as was found with the miscellaneous
congenital CPB isolates (see above)! occurring in 99 (47,6%)
of these babies. However, unlike the congenital GPB isolates,
a haemolytic streptococci and Corynebacteria spp were net
common isolates from babies older than three days, 19/208
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Table 3.45 Gram positive No~o~~"Q_l'IIi;l'\lIsolates
Organism IBlood ICSF IPatientslICU ITCU j66/67 lother.Wds------------+--------+--------+--------+------~-+--------+--------+---------~ epiderm 90 23 99 31 27 I 39 2
~!. @r§1!§. 46 a 50 16 20 13 1
h faecalis 32 10 40 13 10 11 6
Q! haem Strep 13 3 16 4 6 6
Bacillus 11 1".. 4 3 4
Late.GBS 5 3 F5 2 1 1 1
Corynebact 3 :3 2 1------------+--------+--------+--------+--------+--------+--------+---------Total I 200 47 I 208* 64* 64* 73* 7*

* Not equal to the sum of the figures above as some par.Lerrcs had multiple
isolates

Table 3.46 Patient with Bowel Disease and Nosocomial Gram positive Isolates
organism I Total I Proven NEC

n=123
Suspected NEC

n=197-------------+-------+---------------------------------~ epiderm 99 7 9
~ aur-eus 50 5 5
<' faecalis 40 5 5:;!~

0: haem strep 16 3 0
Bacillus 11 0 4
Corynebact 3 0 0-------------+-------~---------------------------------Total 204* I 18* 21*
* This does not equal the sum oJ.:the individual organisms as several
patients had more than one GPB isolat~d from them
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(9,1%) VS~ 112/310 (36,1%) (P<O,OOOl). There were also few
babies with late onset GBS, babies with this condition usually
being admitted to the Paediatric wards. The number of babies
from whom GPB were isolated after three days of age was
similar to the number of those from whom GNB were isolated.

An equal number of these organisms were isolated from b~bies
in Teu, leu and wards 66/67. This was probably just a
reflection of the number of babies cultured for suspected
nosocomial infections; GPB being isolated £l.om 12,8% (64/500)
of the specimens sent from babies in rcu, 16,0% (64/400) from
those in Teu and 12,1% (73/600) from those in wards 66/67.

The frequency of the four most common GPB obtained from babies
older than three days is shown in fig. 3.23. The numbers of
these organisms isolated monthly did not vary significantly
throughout the two years studied except for those of ~ epi-
dermidis which increased steadily throughout this period.

Of the 204 babies who survived beyond three days from whom a
GPB other than GBS was isolated, 18 (8,8%) had proven and 21
(10,3%) suspecued NEe. These were significantly sIt.aller
proportions than were found amongst babies with nosocomial
GNB septicaemia, 50/222 (22,5%) (P=O,0001) having proven and
40/222 (18,1%) (P=0,02) sllspected NEe, and than were found
amongst babies with fungal infections, 24/112 (21,4%) (P=
0,002) and 25/112 (22,3%) (p=O,006) respectively. Another 15
(7,4%) babies from whom nosocomially acquired GPB were iso-
lated were on parenteral nutrition for other reasons, a
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similar proportion as was found amongst those from whom other
acquired organisms were cUltured. Nevertheless, babies with
bowel pathology were still more likely to have GPB isolated
from them than those without: GPB were isolated from 18/123
(14t6%) babies with proven and from 21/197 (10,6%) babies with
suspected NEC comparee'"to 165/6029 (2,7%) of those without
these conditions (P<O,00001). In total, 54 (13,9%) of the 389
babies on parenteral nutrition developed GPB bacteraemia
compared to 150/5960 (2,5%) who never rp.ceived parenteral
nutrition. The various GPB isolated in babies with bowel
pathology are displayed in table 3.46.

other nosocomially acquired organisms were isolated in .0
(40,4%) of the babies from whom ~ epidermidis was CUltured, 6
(6,1%) at the same time, and in 24 (48,O%) of the babies with
lh. aurE?1!§.isolates, 9 (18,0%) at the same time. Twenty-two
(55,0%) of the babies f:r:omwhom ~ faecal is was cultured had
other nosocomially acquired organisms isolated, of which 13
(32,5%) were from the sa.me specimen as the 1L.. faecalis. a much
higher proportion than found amongst those with ~ epidermidis
isolates (P<O,OOOl). Seven (43,7%) of the babies from whom a

haemolytic streptococci were isolated and (27,3%) from whom
Bacillus spp were isolated had other Ol~ganisms ouf.t.ur'edat
some stage: 2 (12,5%) from the same specimen as the a haemo-
lytic streptococcus. One of the babies with late onset GBS
infection also had a lh. epidermidis cultured earlier on.
Thus, in 78 (38,2%) of the 204 babies with nosocomially
acquired GPB isolates besides GBS other organisms or another
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GPB were cultured at some stage after three days of age, 28
(13,7%) from the same spec Lmen , These were similar propor-
tions as found amongst the babies with nosocomial GliiBiso-
lates. GNB were cultured from 45 (57,7%) of these babies,
yeasts from 35 (44,9%), anaerobic bacteria from 3 ann more
than one GPB from 17 (21,8%). Thirty-four (43,6%) of these
babies with other isolates in addition to the one GPB were on
parenteral nutrition, including J.2"lith proven and 12 with
suspected NEe.

8..2 Mortality
It is difficult to ascertain if nosocomi.a1.lyacgu.ired GPB were
responsible for any deaths, as many were isolate(.~'.:;ogether
with ot'tlerorganisms. Hcwever, 22 (22,2%) of the babies from
whom ~ epidermidis was cultured died, 15 (30r a~;) of those
with ~ aureus, 11 (27 5%) with ~ faecalis~ 4 (25,0%) with a

haemolytic streptococci and 1 (9,1%) with a Bac:illus spp. Two
(40,0%) with late onset GBS septicaemia died and none from
whom corynebacteria spp were isolated. As some bablcb had
more than one GPB cult.ured from them, this translates to 50
(24,5%) of the 204 babies with nosocomial GPEi isolates, ex-
cluding those with only late onset GBSf died. However, if one
excludes all babies with bowel patto~ugy or isolates of organ-
isms other than only GPB, then 13/114 (11,4%) died. This is a
significa ..ltly lower mortality t.hantha.t of the remaining
babies with nosocomial GPB isolates with bowel pathology and/
or isolates of other organisms, 37/90 (41,1%) (P<O,0001). In
fact, 12 (66 16%) of the babies with pr-overiand 10 (47,6%) with
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suspect~d NEe and nosocomial GPB isolates died, sigJ'lificant.LY
higher mortalities than those of babies with nosocomial GPS
isolates but no bowel disease, (P<O,0001 and P=0,002 respect-
ively). Seven (46,7%) of the babies on parenteral nutrition
for other :reasons and with nosocomial GPB isolates died, also
signific~ntly higher than babies with these isolates but not
on parenteral nutrition, 21/150 (14,0%) (P=O,004). Likewise,
the mortaV.ty of the babies from whom multiple organisms were
isolated was muon higher compared to those from whom only the

one GPB was cultured, 31/7~ (39,7%) vs. 19/126 (15;1%)
(P<0,0001).

S.3 susceptibility ¥cd::terns
Ninety-fh"1 (84,1%) of the §_._ epidermidis and 42 (77,7%) of
the p. aureus were methicillin-resistant; 22 (55,0%) of the
~ faecal is isolates were ampicillin-res2stant. They were all
susceptible to vancomycin. All except two of the a haemolytic
streptococci were susceptible to penicillin (87,5%); the two
resistant isolates being susceptible to erythromycin. Th~
Bacillus isolates were susceptible to penicillin (72,7%) ex-
cept for three which were susceptible to chloramphenicol only.
The f~w corynebacteria spp and GBS isolates were susceptible
to penicillin.

a , ,;71 Meningi tis
only five (21,7%) of the 23 eSF's from which s. epidermidis
were cultured had a cellular response in keeping with a
diagnosis ot meningitis; not one from which ~~ faecal is or
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Corynebacteria spp were isolated. A higher proportion of
CSF's from which s. aure~ was isolated had a cellular
response, 5/S (62,5%), but the numbers were too small for this
to be signifj.cant. One of the 3 babies from whom GElS was iso-
lated from the CSF did not have a cellular response.

Fiv (21,7%) of the babies with ~ !lmidE1Lrm:i·fti§cultured from
the CSF died, one of them tvith cells suggestive of a mening-
itis, 4 of the 8 with ~ ~ureus4 3 of them with cells, and
none of those with E. faeca1is or corynebacteria spp. Both c,)f

the GBS meningitis with a cellular response in the CSF died.

~ NQ§OCO~IAL bNAEROBIC BACTERI~
Anaerobic bactetja were isoJated from 12 babies elder than
three days during the two year study period. 01'llyone of the
babies was in the :reu, 5 in the Teu and 6 in wards 66/67.
Three of the babies had NEC, 2 of which had perforated bowel,
and 2 had suspected NEC. Four of the babies died, 3 of them
having ~owel pathology_ Another organism was cultured at the
same time as the anaerobic bacteria in 2 of these babies, a
Ss, .e~id~rlnidi§ and an E. fag_galis.
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Baragwanath's Neonatal unit is responsible for the cQre of a
large number of babies born to mothers who are often unbooked
and of low socioeconomic statuf3, with around 3 500 admissions
and another 4 750 neonates observed with their mothers
annually. Nearly two thirds of the actual admissions are LBW
babies, t.hese making up an even higher proportio' of the
babies admitted to the leu. Half of the admissions require
nursing in ~ high care area at some stage of their stay, of

which 550 to 600 per year need ventilation. The neonatal
wards are thus chronically overloaded with a rapid turnover of
patients, the average duration of stay OL the bigger babies,
for example, being 4 to 6 days in anyone w(.l.:cd,though very
LEW babies stay much longer in the unit. This, together with
the fact that a very La ge percentage of babies are treated
with antimi.crobials during their hospital stay, makes it not
surpri0ing that infections playa major role in the morbidity
and' ,r')rtalityamongst the admissions to this unit.

1. .QQ!'l..illiiNlTA:8 INFECTIONS
GBS wer.e the most common isolates obtained during the study
period from babies admitted to Baragwanatb's Neonatal Unit
suspected of having a congenital bacterial infection. This
organism was isolated in 2,7% of babies cultured for suspected
sepsis in the first few days of life, giving an incidence of
1,9 per 1 000 live births. This is a similar incidence to
that reported from developed countries, figures quoted in the
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literature ranging from 2,0 to 3,7 per 1 000 live births, and
much higher than that observed in developing countries.21,43,
45 The genital carriage rate of GBS amongst women in soweto as
detdrm.ined in a previous study is 10,3%.63 Thus, only J.,8% of
babies born at Baragwanath Hospital to culture positive
mothers develop GBS bacteraemia. These are similar figu~es as
reporGed in the literature; maternal colonization rates of
4,6% to 40,6% have been reported with a transmission rate to
the baby of 42% to 72%, t,hough 1(Iostbabies remain aeymptio'naci,o
and only 1% "1::0 2% of babies born to Cult:l:l.repositive mothers
developing ~arly onset septicaemia.64,65,66,67 Babies born to
heavily colonized women have a higher rate of colonization
themselves and of developing f'lystemicinfection. 68 Though
transmission rate is not influenced by the duration of labour
or rupture of membranes, there is an association with these
together with prematurity and the development of symptomatic
infection; 15,2% of premature babies and 10,7% of babies with
PROM born to culture positive mothers have been shOvln to
develop sepsis. The genital carriage rate of GBS of wom~a
wi·th premature ruptured membranes at Baragwanath Hospital has
previously been found to be 9 I 7%, therefore, 7,5% 0:1: babies
born to culture positive women in premature labour become
systemicallY infected, as 1,3% of premature babies were found
to have GBS bacteraemia in this study.63

Asphyxia was a significant risk factor in our study, babies
with conqen i.caI GBS infection having a three to six fold
increased chance of being asphyxiated than babies admi,t,t<:'!d
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for other reasons. Put another waYI babies born in Soweto
with early onset GBS sepsis are 40 to 110 times more likely to
be asphyxiated than babies without this infection. Thi$ is
not an unexpected finding as it is likely that a baby with a
congenital infection would have a poor apgar score. 0ne
report showed that 84% of babies with congenital GBS pnoumon.La
following intrauterine exposure had one minute apga.r scores of
<6;69 46% of cur study babies with GBS bacteremia were asphyx-
iated. Prematurity was also a significant risk factor as;has
been found in other studies, where rates 10 to 15 times higher
than in term babies have been documented.35 Babies with birth
weights <2000g in our study were found to have an inci.dence of
1,3% compared to 0,1% amongst bigger babies; a~so a ten fold
ir1creased incidence' The higher. incidences observed amongst
the bigger babies that required admission, up to 4,4% for
those neeo,ing vent.ilation, reflects the relative importance of
GBS as a cause of morbidity in the bigger babie~ compared to
in premature infants. Some investigators have suggested that
the increased incidence of infection seen amongst premature
babies is u reflection of their impaired immunity rc..ther tha.n
of chorioamnionitis due to GBS causing premature delivery.67
For example, babies born prematurely would not have received
their full compliment of maternal antibodies against GBS since
nearly 60% of l(c1ternalderived IgG is t:r3.nsporte.dto the foe-
tus in the last ten weeks of gestation. Though the presence
of PROM was not. c.. helpful feature in trying to det:ermine if au
admit:ted baby was likely to have GBS aeps i.sin our study,
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babies with PROlVi or offensive liquor did have an 8 ·to27 times
increased chance of having GBS bacteremia when compared to
babies born to mothers without these conditions. Neverthe-
less, the incidence of GBS amongst babies with PROM is still
very low; for example, GBS were isolated from only 2,3% of
babies with PROM or offensive liquor sent to their mothers on
antimicrobials. GBS cultured from these well babies may even
have been contaminants due to poor blood cult~ring techniques
practised by the medical staff in LW, the organisms really
just being present on 'the skin. This seems to be a likely
explanation as these babies did well on a few doses of intr~-
muscular penicillin, an unlikely event if these babies were
systeTIlicallyinfected with GBS, though it is possible that
this Lreatment might have prevented overt clinical il1fection
developing later on in these babies. In fact, high dose ampi-
cillin given to c mother just prior to delivery has been shown
to decrease the incid~nce of symptomatic infection in babies
as has a single dose of penicillin given to neonates at risk
though it is th0ught not to be sUfficient to treat established
bacteremia ..70,71,72 It would, however, be J.nteresting to
determine if there is a difference in the strains of GBS
isolated from ill babies compared to those isolated from well
babies as tY,?e. III organisms are known to be more virulent
than the ot.heztwo strajns .21 This difference in virulence
seems to be related t~ the organisms ability to produce high
levels of neuramidase, though levels of extracellular protease
and type-specific polysaccharide are also high in this strain
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making the precise function of t.lese substances as virulence
fac,',orsdifficult to ascertain. Babies born to older mothers
seemed to be protected from developing GBS septicaemia; a not
unexpected finding as some investigators have shown a higher
genital carriage rate amongst women less than 20 years .,Id and
Jonthose with low parity, the latter, howev~r, not appearing
to be a risk factor in our study.73 Birth by Caesarian sect-
ion was not protective for developing GBS infection compared
to vaginal delivery, in fact, babies born by caesarian section
in O'.1rstudy were 5 to 22 times more likely to have early on-
set GBS sepsis compared to those born vaginally. This may be
because Caesarian sections were being done for complications
due to GBS amnionitis or foetal inf~ction such as foetal
distress. Unfortunately, no distinction could be made between
Caesarian sections done on mothers whose membranes had ruptur-
ed compared to those on whom elective sections were done.
ce.se.s of fulminant early onset infection occurring in babies
born by caesarian section with ostensibly intact membranes
have been documented.43

Just under hal~ of tho. babies in our study from whom GBS were
isolated were ill enough to require nursing in an high care
area; in fact, 23% needed ventilatory support. Two thirds of
the babies with GBS who required ventilation died, the overall
mortality of symptomatic babies being 27% compared to rates
quoted in the literature between 27% to 55%. The Fortality
was significantly higher amongst prema.ture babies (37%)
compar-ed to terrilbabies in the study (14%), an obsf1rvation



126

already made by other workers who n~;ed a mortality of 77%
amongst premature babies and one of 19% amongst neonates bo~n
at term with GBS sepsis (the lower mortality seen in our study
group probably reflected the advent of improved life-support
technology).74 However, the contribution towards the total
mortalities by early onset GBS sepsis was lower at both
extremes of birth weight; very LBW babies probably dying by
virtue of their prematurity and many of the term babies from
complications following birth asphyxia (not related to GBS
sepsis but to obstetrical complications), an all too common
occurrence at Baragwanathls Maternity Hospital. The fact that
three quarters of the babies that died did so during the first
day of life gives an indication of how fulminant. GBS septic-
aemia can be. It also means that there usually is not enough
time to consider the use of other modalities of treatment such
as neutrophil or exchange transfusions, or administrating
hyperimmune globulin to improve the outcome as the culture
results often are only available after the baby has died.

Less than 10% of the studied babies with early onset GBS
infection had an associated meningitis, a much l.ower pro-
portion than that noted b:y'other researchers who have observed
rates as high as 30%.21 This lower inc.idence seen amongst the
s~udy pati2nts may be due to a reluctance on the part of the
doctors to do lumber punctures routinely when suspecting a
baby is septic. That, plus the fact that t\Jo of the babies
with GBS meningitis did not have associated positive blood
cultures, emphasizes the importance of obtaining CSF specimens
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in cases of suspected sepsis. While evidence of l~nto-
meningeal inflammation has been reported to be abt .t in up to
77% of cases of early onset GBS meningitis, only two of the
study cases did not have an inflammatory response as seen on
their eSF.50 The presence of meningitis did not appear to
increase the mort:alit~lof GBS septicaemia in C"-:.rstudy.

Though some workers 75,76 have reported relative leukopaenia,
absolute neutropaenia and leukocytosis to be useful in identi-
fying uconates with GBS infection, only 17% of babies with GBS
bacteremia in our study were leukopaenic, 16% had a neutro-
paenia and none leukocytosis. Only 5% were thrombocytopaenic.
Christensen at al also noted that babies tdth early-onset
group B streptococcal infections can die \tlithnormal leukocyte
counts. 77 Other r;;t,udieshave shown elevated ammatrur'eneutro-
pbil counts or ratios of immature to total neutrophil counts
to be mor~ useful, the latter is said to be elevated in 91% of
cases with proven infection and in only 4% of noninfected neo-
nates.75 These measurements unfortunately are not routinely
requasted at Baragwanath Hospital and in the absence of other
~seful haematological markers of infection, should probably be
routinely sought. Though the mean wee of the babies in the
study that died was less than that of those who survived, it
was not an accurate prognosticating feature as only 41% of
those with wee's le.ss than 5 OOO/ml died. Other investigat-
ions such as countercurrent ilnmunoelectrophoresis, latex
particle agglutination, staphylococcal coaggulation and enzyme
immunoassay looking for GBS type-specific p~lysaccharide anti-
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gens in body fluids are useful tests to be able to identify
rapidly the baby with GaS sepsis even after antimicrobial
therapy has begun especially if carried out on concentrated
urine when they have an 88% to 96% sensitivity.78 Once again,
these investigations are available, but not done routinely at
Baragwanath Hospital.

The significance of the other organ~~ms isolated at the same
time as the GBS in five patients is obscure. The most likely
explanation is that they are contaminants. Staphylococci are
not common pathogens causing congenital infections, and both
Klebsiella and Serratia spp are resident GNB in this unit
causing nosocomial infections. lnter~stingly enough, all five
babies required admission to the leU but none of them demised.
Despite the theoretical increased risk for developing a noso-
comial infection as the already immature immune system is
further depressed by GBS sepsis, the neonates with early onset
disease did not show an increased incidence of either noso-
comial GNB sepsis or systemic fungal infection.

Equally, the large.number of ~ epidermidis and ~ aureu~ a

haemolytic streptococci, Corynebacteria spp, Bacillus spp and
1h. f:aecalis isolated at birth, though common organisms in the
maternal genital tract, are probably contaminants as they
rarely cause disease in the neonate. This is supported by the
fact that in a proportion of them other organisms were isolat-
ed at the same time (12%), that there were apparent ou.tbreaks
suggesting that certain doctors at the time did not use a good
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technique for taking cultures, and that few of the patients
died even though they were not tr~ated with appropriate anti-
microbials, just under a half of thes2 organisms being resist-
ant to penicillin with which they would have been ~reated.

Many of the GNB isolated at birth were prc:)bablycontaminants
as well, but in these cases the organisms isolated were often
the GNB responsible at that time for outbreaks of nosocomial
infections rather than being present in the genital t~act of
the mothers. certainly, the large number of serratia spp iso-
lated at birth coincided wi~h an outbreak of nosocomi.aL sept-
icaemia due to that organism. Equally, Klebsiella spp were
only isolated at birth while these organisms were also an
important cause of nosocomial sepsis. Also, the Pseudomonas
spp isolated were often multiresistant but the babies did well
despite not receiving appropriate antimicrobials. Interest-
ingly enough, unlike the babies from whom GPB \'lereisolated at
birth excluding GBS, these from whom GNB were i~olated were
nearly all admitted to the high care areas. This of course
might be due to the fact that these babies were very ill with
sepsis due to these organisms but it is extremely unlikely
that such large numbers of babies were born already infected
with these organisms. Howeverf all attempts at isolating a
source for these organisms were fruitless. They were not
isolated fram mothers' genital tracts, obstetrical instru-
ments, LW personnel or equipment, fluids or drugs administered
to the babies. No common factors from the birth history was
evident; seme babies were delivered at outside clinics and
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transferred to Baragwanath Hospital, others delivered by
Caesarian section; only few "lere born to mothers that had
spent some t.ime in the hospital during which their genital
tract might have become colonized with hospital GNB. The
'tvorryingfact was that the same organism was isolated later
from some of these babiF.';whose condition had deteriorated.
One possibility is that these organisms were contaminants on
doctors' hands or in fluids given to the babies; many doctors
were taking the in:l.tialculture through umbilical lines
flushed with heparin and saline. This is probably true for
the Klebsiella and Serratia isolates as in only a small prop-
ortion of them were other organisms isolated at the same time.
Pseudomonas and Enterobacter spp were isolated at one time
from the hands of a significant percentage of lCU and TCU
staff. The exact number of babies with genuine congenital GNB
sepsis in the Unit is thus not known; certainly it plays a
lesser role than that due to GBH and GNB are not important
pathogens in the low care areas or amongst the well babies
with PROM sent to their mothers on antimicrobials; the latter
should thus not be empirically commenced on an aminoglycoside.
The high degree of resistance shown by these organisms
prompted the change to amikacin as sale aminoglycoside used,
possibly prematurely if most of these organisms were in~P6d
contaminants, though obviously if these organisms were
actually infused into the babies then this decision would have
been justified.
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Even though coliform organisms are prevalent in the maternal
birth canal and most neonates are colonized during delivery,
~ coli w«u only isolated from the blood or CSF in 0,4% of the
admissions to the unit. Most cases required nursing in a high
care area and carried a 40% mortality, though once again the
high proportion from which other organisms were also isolated
is suggestive that some of the,semay have been contaminants ..

Anaerobic bacteria were occasionally isolated from babies at
birth, the largest single group being the bigger well babies
with PROM or offensive liquor sent to their mothers. This is
not surprising as it is well known that although anaerobes are
responsible for the foul smell of offensive liquorr they
seldom cause serious infections in the newborn but correlate
well with maternal infections.1] Even though the mortality of
the babies from whom anaerobic bacteria were cultured was
highest amongst babies admitted to the reu and amongst the
smaller babies, this was probably only a reflection of the low
mortality amongst babies with PROM considered to be well and
sent to their mothers.

Due to the uncertainty as to which organisms obtained at birth
are contaminants, an exact incidence of culture proven con-
genital sepsis for Baragwanathls Neonatal Unit cannot be
deduced. Altogether, just over 600 babies had positive blood
or CSF cultures at birth during the two years studied, 40 with
multiple isolates. This means that 10% of those culturen for
suspected congenital sepsis or, expressed in another way, S%
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Qf the admissions had positive cultures, giving an incidence
of 8,3 per 1 000 live births for Sowab:>born babies. However,
as many of these cult.ures are considered to be contaminants #

the true incidence of culture proven congenital sepsis must
lie closer to that for early onset GBS sepsis, namely 1,9 per
1 COO live births. Like\'lise, the contribution of congenital
infection toward~ the mortality in the unit lies anywhere
between 3% and 12%.

2. NOSOCOMIAL INFECTIONS

2.1 Gram Negative Infections
Nosocomial septLcaemi.a due to GNB occurred in 3,5% of the
study population that survived beyond three days, the highest
incidence being amongst the babies admitted to the ICU (10,7%)
follor.Yedby those admitted to the 'l'CU (3,1%). This is not
surprising as these babies have the most invasive procedures
done to them such as the insertion of umbilical and other
arterial and venous catheters, exposure to respiratory therapy
equipment and humidifiers.25,26 There is also a significantly
higher proportion of LBW babies in these wards compared to
wards 66/67, where only 0,6% of the babies developed an hosp-
ital acquired GNB septicaemia. Thus, the incidence of noso-
comial GUB sepsis amongst babies with birth weights <1000g was
15% compared to 1,3% amongst babies with birth weights >25009';
the mean birth weight of babies with nosocomial infections
being significantly lower than that of bahd.e.s with congenital
infections. In addition, the prolonged stay of these LBW
babies in these areas which are often overcrowded and undez-:
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staffed results in an inevitable breakdown in aseptic techni-
ques and puts th~m at further risk for acquiring infection.
Admission to a high care area also results in repid coloniz-
ation of a baby's skin, ll1.UCOUS membzunes and gut with the
resident ?rgal1isl'!lswhich are often multiresist.ant, the intense
antimi:......Clbialpressure in these sollvironmentsencouraging
emergen,,::eof resistant mutant.s.24 Nearly all babies admitted
to the leu rec~ived antimicrobial therapy at some stage and
82% of the admissions to the Teu received first line anti-
microbials but many of the remainder received treatloent for
suspected nosocomial sepsis. This is not an exceptionally
high usage of ar.timicrobials: Bryan et al recorded that 90% of
the infants in the~r neonatal leU re~~ived broad spectrum
antimicrobials at som~ stage during their hospital course.79

Unlike the experiences o~ other neonatal units, there was no
predominunce of ac~uired G~B sepsis amongst male babies.36,SO
The average age at which thes~ babies developed their in-
fection was two weeks but babies c..-:; old as tT'IO months were
still at risk for acquiring a GNB sepsis.

GNB were thus isol.~ted from less than 10% of all th? blood
cultures sent on babies suspected of having a nosocomial in-
fection. This is a similar yield to that note.d by Hesdlil1g at
al who recorded a rate of 7,8% while inv~Gtigating the effects
'1f long-term amikacin usage.aJ. The yield was even lower from
the eSF's sent on these patients (1,7%) resulting in just
under 13% of the babies with acquired GNB septicaemia hewing
an associated meningitis, a much lower incidence than
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documented in the literature.82 Two thirds of the cases of
meningitis did not have an associated positive blood cultu~e.
This once again emphasizes the importance of doing a lumber
puncture in every ca.se of suspected nosocomial infection as
otherwise cases of culture proven sepsis would be missed.

other or~il'nismsincluding another GNB, yeasts and GPB 'Were
obt.a.rnedfrom the same specimen from wh.Lch the GNB was
isola'ted in 12% of these patients. Whether this means that
one or all we're contaminants, or that these were genuine cases
of multiple infections is difficUlt to ascertain. certainly
other investi~ators have established that sepsis due to more
than one organism can occur especially in immune compromised
patients. 100

Babies \"ith nosccomi.at GNB se.pticaemia \lere also at increased
risk for developing another septic episode; 27% of these
babies had further culture proven septic episodes and an
additional 12% had a preceding nosocomial septic episode.
They had more than double the ris!~ of developing another GNB
intection, and a thirteen fold increased risk of having a
yeast infection compared to the rf.!st of +he babies that
survived b~yond three days of age but never had an hospital
acquired GNB sepsis. An episode of nosocomial septicaemia
would predispose the infant to further episodes by virtu~ of
the f2ct that supportive care may have to be continued; the
stay in an high care area would be prolonged, the immune
systf":l:mfurther depressed and the baby exposed to another
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course of antimicrobials. t\1Jt1at is sUrprising however is that
this Lnczeased risk for developing a nosocomial infection was
not shown for babies w.i.thearly onset sepsis, fOol: example GBS
infection. Morgan et al also repol':tedthat 30% of their
babies who survived an episode of Klebsiella septicaemia
develop3d another nosocomial infection.83 Klebsiella spp, the
residsmtial GNB responsible for most of the cases of GNB nose-

cornial sepsis in the unit for many yea~'~JI was isolat~d in just
over h07.lfof the cases of noaoccmd a'l,GNB uept.Loaemi.a dtl.:ting
the study period, its import.:mce decreasing during the. periods
when outbreaks due to other 13MB occurred such as Pseudomonas
spp (December 1990), Serratia spp (January and i"ebruary 1990),
g~ coli (July and August 1990) and Enterobacter spp (December
1989). Klebsiella spp is also responsible for outbreaks of
hospital acqui"::'edGNB sepsis in many other neonatal units.84,
85,86,87,88 Morgan at al described an outbreak of Klebsiella
septicaemia in their neonatal leu with a mortality of 70%
despite appropriate antimicrobial t.herapy, half of them dying
within 24 hours of the onset of their infection; slightly
hiqhe.r percentages than observed in cur study of" 56% and 3B%

respectively. 83 Most of their babies acquired their noso-
comial Klebsiella septicaemia within one week of birth (Q6%),
again an higher proportion than Observed in our study (31%)
though they do not indicate 'I:.heage at which they defined
sepsis due to hospital acquired Klebsiella. The mean birth
weight of their affected babies was less than ours, 1270g cf.
1590g, and this may explain 1:1hytheir mortality was higher.
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They did not comment on any seasonal variation as was noticed

amongst the cases of nosocomial Klei)siel1a septicaemia in our

study, thougn i-c is difficult to pos;tulate why the incidences

should have been higher in the wintE~rmorrcns,

Nosocomial septicaemia due t('J Pseud()monas spp has a low back-

ground prevalence in our Unit with (mly a few cases a morrth,

However, the out.hreak observed in December 1990 made it the

second most commonisolate during the study period. A high

proportion of cases came from the leu where this organism is

cOlilmonlyfound in ventilator humidifiers and other soluticll'1s.

Unfortunatelyu all attempts at identifying the source of the

outbrea!c failed; specimens of water from t;,he humidifiers and

various intravenous fluids sent for culture did not yield

Pseudomonas spp, although this organism was subsiquently

identified on the hands of personnel. Fortunately, the out-

break abated without any intervention as the mortality proved

to be very high (83%).

Unlike seps i s due to the o'chez' GNB,that due to 1L.. QQ.li

occurred mainly amongst babies admitted to the 10\1 care wards,

wards 66/67. The babies thus were significantly bigger than

those with s ,psis due to other GNB. This may be because less

ant:imicrobials were used in these wards, which might encourage

colonization with more resistant; GNB. Both Fryklund et al and

Tullus et al observed that faecal colonizat.ion with E,..'!., coli

increased with increasing age and at the expense of other GNB

such as Klebsiella spp.80,89 The monthly incidences of cases
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of nosocomial sepsis due to 1h. coU. was very 10vl with a sInall
unexplained O"l.l.tbreak'oliserved&lring the winter months of
1990.

If hospital acquired septica~mia due to Pseudononas spp. was
uncommon in the Unit, that due to Serratia was virtually
unheard of till the end of lSQ9 following the change in anti-
microbial policy to amikacin as b~le alninoglycoside used, when
an oucbr-eak of amikacin-resistant, gentamicin-susceptible
Serratia oepsis oocurred. Once again, most of the cases were
babies admitted to the high care t:lr(;asespecially those tha.t
required ventilation. All efforts at establishing a source
failed and the outbreak abated slowly without any inter··
vention. Babies with acqnired Serratia sepsis were older than
those with sepsis due to other GNB and thus had a lower
mortality, though why this age difference should occur was
difficult to determine. Though other neonatal units have also
reported outbreaks due to Serratia spp, none have associated
them with ohanges in antimicrobial polioies.90,91,92,93,94,95
They all comment.ed on the importanoe of gut coloni.zation
amongst the babies as 'being t.he most important reservoir for
spread. Fomites such as breast pumps, respira:;ors and mucous
extractors may have played major roles in the initi.ation and
maintenanoe of the spread in some of these outbreaks. The
serratia isolates obtained by I,ewis ~·t al had a similar
resistance pattern to those observed in cur study, showing
gentamicin-s'I.lsceptibility and ami};:acin-resistance.96
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Cases of septicaemia due to Enterobacter I3!pPwere also
uncommon with a small outbreak in December 1989. Outbreaks
due to these organisms occurring in neonatal units are not
often rap or-ted on in the literatur~ 97

2.1.1 Antimicrob:i.al.Suscent:i.bili~ Despite using a combina-
tion therapy of an aminoglycoside and cephalosporin to treat
suspected nosooomial infections in our unit, a regime which
has bsen said to decrease the likelyhood of resistant strains
from eme.rging~ resistance amonast GNB occurred first to cefo-
taxime at the end of 19~8, then to ceftazadime within a few
months.98,99,lOl,102,lv3 'l'hisprompted t,he withdrawal 0":

their empiric use to treat cases of suspected nosocomial
sepsis in April 1989, and vancomycin and amikacin were used
instead. This is an accepted form of therapy used in other
neonatal units; amikacil'lis the aminoglycoside least modified
by the aminoglycoside-inactivating enzymes frequently elabor-
ated by nosocomial tJ·,thogensand vancomycin woul.d be active
against resistant Staphylococci and E. ~alis~104,105,106
contrary to expectations, withdrawing the use of cephalo-
sporins did not result in an improvement in the resh;tance to
them shown by GNB.60,79 In fact, despite not using cephalo-
sporins for a year, the incidence of resistance steadily
increased esp.acially amongst t~{e l\'lebsiellaI Pseudomonas and
serratia spp. By the end of 1990 nearly a quarter of the GNB
'ltlereresistant to ceftazadime and 60% to cefotaxime.

Resj stant strains often appear shortly after the ,introduction
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of new p~iactam antimicrobials. Bryan at al documented the
effects of changing from the empirical use of gentamicin and
ampicillin to cefotaxime and ampicillin for treating suspected
sepsis because of an outbreak of gentamicin-resistant Klebs-
iella infections in their neonatal unit.79 Within 10 weeks of
instituting routine cefotaxime therapy infections due to
cefotaxime-resistant Enterobacter cloacae appeared; these
organisms were gentamicin-susceptible. With the improvement
in gentamicin resistance, gentamicin was reinstated as the
tampirical anti.microbials used. Modi et al noted a similar
experience when they substituted gentamicin with cefuroxime.60

They also observed that a baby did not necessari:Ly have to
have received a cephalosporin to be colonized with cefuroxime-
resistant Enterohacter. Enzymatic modification :ts the major
metihod of inactivation, more sophisticated enaymes appearing
constantly. 59 This enzymatic resistance may be plasmid or
chromosomal mediated. Virtually all GNB have thf:lchromosomal
gene for ,8-lactamaSIlcalled "ampC" that encodes an enzyme more
active in hydrolizing cephalosporins than penicillins. In
serratia spp, indole-positive proteus spp, g~trobacter
freundii and PseudoI!1.Q11a~aerugino.§.aadditic.mal genes regulate
the production of this ,8-1actamase. These bacteria can
undergo single-step mutations to high-level enzyme producers
a~ti, even though the !lampe" enzyme hydrolyses broadspectrum
cephalosporins poorly, if enough "amI- " j3-lactamase is made,
resistance results. The amounts of enzyme produced may also
be increCl!:;edby exposure to a t1-lactamase inducer. Both
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second and third generation cepha1osporins are inducers of
cephalosporinase activities in the genera Pseudomonas,
Serratia and Enterobacter. Multiple drug resistance may arise
simultaneously. In most GNB, however, ,e-lactam resistance
results from a plasmid-mediated j3-lactamase. More than 30
varieties can be distinguished on the basis of biochemical
criteria sucn as the substrate profile and isoelectric point,
but by fal"the most common plasmid-encoded enzyme it.!TEM-l;
SHV-1 is also frequent in Klebsiella :pneumonia and PSE-1 is
the most common variety on plasmids in Pseudomonas aeruginosa.
Both cefotaxime and ceftazadime show a high degree of
stability to plasmid encoded ,e-lactamase activities and are
also relatively resistant to the normal amounts of chromosom-
ally mediated cephalosporinase activities found in most
organisms. But, plas~nid-mediated ,e-Iactamases with extended
spectrums have been reported in a variety of GNB, especially
Klebsiella pneumoniae, which provide re.sistance to oxyimino-,e-
lactams such as cefotaxime, ceftazadime and ceftriaxone, and
aztreonam. Some are related to TEM-l, some to TEM~2 and
others to SHV-l. A cefotaximase (CTX-1) elaborated by Klebs-
iella was identified in 1985 that conferred cross-resistance
to a wide variety of ,e-lactam antimicrobials including other
cephalosporin:;;, aztreonam, aminopenicillins, carboxypenicillin
and ureidopenicillins. Isolates with this pattern of resist-
ance were found in this study suggesting the presence of the
CTX-l gene in these Klebsiella isolates ought to be sought.
All the GNB in our study, except !h coli, were highly resist-
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ant to the cephalosporins t.owards the end of the study period,
with 93% of the pseudomonas isolates being resistant to cefo-
taxime and 22% to ceftazadime, and half of the Enterobacter
spp displaying resistance t~ both cephalosporins. Klebsiella
spp also showed a significant increase in resistance to
ceftazadime over the study period, from 5% to 27%. Though
reports had indicated that withdrawing the use of cephalo-
sporins during times of increasing resistance would encourage
the return to susceptibility, our study certainly did not
confirm. this.

Amikacin, a semisyn'thetic derivative of kanamycin, is modified
inefficiently or not at all by the majority of aminoglycoside-
modifying enzymes and therefore remains active against a
number of othE~rwise aminoglycoside-resistant oact ez-Le,106, 107
It appears from previous studies that the substi tut,ion of
amikacin for all other aminoglycosides is not necessarily
followed by a concomitant increase in resistance to amikacin
and that its predominant or exclusive use may, in fact, result
in the general reduction of aminoglycoside resistant isolates.
Changing to amikacin as sole aminoglycoside used in our unit
in September 1989, however, was associated with the emergence
a few months later of amikacin-resistant g-entamicin-suscept-
ible Serrati~ spp, organisms previously seldom observed in the
Unit, as the major cause of GNB nosocomial sepsis. The prop-
ortion of anlikacin resistant GNB prior to the change in policy
was already higher (9,5%) tban that observed by other invest-
igators, resj,stance rates ranging from 1,8% to 6%. By the end
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of 1990 the resistance had more than doubled. This increasing
resistance was not only due to the Serratia spp but amongst
the Klebsiella spp amikacin-resistance increased 20 fold, from
1;7% to 34,7%1 Van Nhieu at al in Chile108 noted a similar
trend. None of their GNB isolates showed amikacin-resistance
prior to changing to amikacin as the only aminoglycoside used
in their hospital, following which 42 GNB including F~ Q91~
Klebsiella, Em...erobacter and Serratia spp showed amikacin-
resistance during a 9 month perJ.od. Unfortunately they do not
say what proportion of GNB isolates this represented. They
observed that this resistance was transferable by conjugation,
carried by "IncM" plasmids and mediated by a 6' aminoglycoside
acetyl-transferase (AAC(6'», the most frequent cause of
amikacin-resistance in GNB isolates, though other enaymea have
also been implicated and reduced uptake may also be respons-
ible. These plasmids can be found in the normal faecal flora,
providing a potential source for spread to other pathogenic
bacteria, and may be extremely stable over long periods and
over wide distances. John et al demonstrated the presence of
R plasmid-containing multi-resistant ,S:l(!;lbsiel;l,apneumoniae
that coded for aminoglycoside modifying enzymes (3)-I(ACC(3)-
I) and 2"(ANT(2") in the faeces of 12% of the infants in
their neonatal ICU, only a small proportion becoming symptom-
atic.109 This R-plasmid was also identified in mUltiresistant
~ coli found in an infant-mother pair months after discharge 0

The proportion of babies colonized '\>dthamikacin-resi.stant
organisms is still smaller than that in whom gent.ami.cin-
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res1stant organisms are found; Bryan et al recorded that half
of the babies in their leu were colonized with gentamicin-
resistant Klebsiella spp, a similar proportion as found by

Morgan et al (39%).79,83 They observed that resistant organ-
isms can be found in the faecal flora without thG. patient ever
having been treated with that antimicrobial. other invest-
igators (Alan at all also demonstrated a significant increase
in amikacin-resistant GNB following increased amikacin usage,
but in their case this coincided with a decrease in the freq-
uency ot transmissibility of aminoglycoside resistance among
GNB isolates.110 They thus postulated that the increased
resistance obsayved was due to chromosomal mutation rather
than due to R plasmids. Analysis of their results reveals
that the organisms that developed amikacin-resistance ~tere
Pseudomonas aeruginosa and Proteus mirabilis. Klebsiella
pneumoniae did not show an increase in amikacin resistance.
Levin et al also observed an increase in amikacin-resistant
GNB following increased use of amikacin, from 2% to 7%, with
12% of their Klebsiella isolates being resistant and 23% of
their Serratia isolates. They also identified Klebsiella spp
that were resistant to amikacin but susceptible co gentamicin.
These isolates were shown to produce enzymes AAC-6'-l and APH-
3'-IV.111

Stanford et al did not find an increase in resistance to
amikacin following the use of amikacin as first-line amino-
glycoside in their paediatric department, though they only
analyzed 3 months prior to the change and compared it to the
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next 33 months.112 Neither did they show any improvement in
the resistance patterns to the other aminoglycosides. Inter-
estingly enough, they had changed to exclusive amikacin use
when their GNB isolates were only showing 4,8% resistance ·to
gentamicin. It would also have been interesting to know if
their observations held true for ·their intensive care units as
it is in these settings that resistant organisms develop.
Hessiling et al observed the effect of using amikacin as the
sole aminoglycoside in the paediatric department at Tygerberg
Hospital over an 18 month period and concluded that the
resistance to this drug among GNB did not increase and that
resistance to other aminoglycosides, gentamicin, netilmicin
alipo. tobramycin, decreasedo They, however, analyzed all GNB
isolates obtained at;that hospital including those obtained
from adult patients who continued to be treated with various
aminoglycosides. Thus, any effect a change in antimicrobial
policy implemented by the paediatric wards on the suscept-
ibility pattern of GNB might have been masked.S1

Larson at al identified Serratia isolates that were ~:JI:...~r;:;a-

micin-susceptible, tobramycin-resistant that produced AACf6').
Hmiever r the amikacin MIC IS were only 16 to 32 ,ug/ml and the
frequency of AAC(6') production was not shown to increase with
increased amikacin use.113 In additionp the production of
AAC(61

) in these isolates was shown not to be plasmid mediated
but rather chromosomal in origin, a finding that had previous-
ly also been made by John et al.109 Gaynes et al demonstrated
that their Klebsiella and Serratia isolates that showed amik-
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acin and tobramycin resistance but gentamicin susceptibility
produced a novel 31-phosphorylase, APH(3'), encoded on a 6,8-
k:i.lobaseplasmid (pRPG10l) .114 Lambert et al recovered the
same enzyme carried by pIPI84l, a 63 kilobase plasmid, .in
Acinetobacter i,~.olates.115 Numerous other plasmids have since
been identified by Jacoby et al carrying genes enco~ing for
amikacin-modifying enzymes.116 It is an open ~lestion whether
such factors as the daily dose, frequency of aclm~nistration,
or ocmbf.nat.Lon \,lith other drugs play a ro 1.~ in the selection
of amikacin resistance plasmi.ds.117 It will be interesting to
see what the effect, if any, once daily dosing with and.kacf,n
no," employed in the unit will have on resistance pat.tiezns ,

Though it appeared that withdra~•..ring the use of gentamicin
encouraged the emergence of susceptible strains in our study,
this was not so, the improved resistance being due to t.he
appearance of the gentamicin-susceptible Serratia, KleJ"siella
isolates remaining 80% resistant. Van Landuyt et al demonst-
rated decreased resistance to gentamicin among Enterobacter-
iaceae and Pseudomonas aeruginosa following its withdrawal.l1S

Young et al also showed decreasing resistance to gentamicin
during a 15 month period of amikaci n usaqe which was mainly
attributed to falling resistance amongst Pseudomonas i)erugin;:
osa isolates.119 They also demonstrated an increase in
amikacin ~~~istance by both Pseudomonasf serratia and Acineto-
bacter spp.

Unfortunately, organisms demonstrating amikacin resistance
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also are often resistant to third generation cephalos~)rins;
just under half of our amikacin-resisi:ant Klebsiella isolates
were resistant to ceftazadime and 70% to cefotaxime. Thus,
the emergence of an endemic population of clinical bacterial
isolates that are able to evade kill by aminoglycosides may
have simultaneously selected for bacteria with an enhanced
capacity to resist many antimicrobial agents, even some that
have not yet been introduced into standal. clinical practice.
An interesting phenomenon ob::;ervedin our study was the iso-
lation of successively more resistant stro.i.nsof GNB from
several babies involving Klebsiella, Serratia, Pseudomonas and
Enterobacter isolates. Whether this reflects an increasing
abili'ty of the organism to modify more antimicrobials or t.he

selection of strains originally present due to antimicrobial
pressure is not clear. Reports on the developmant of resist-
ance to cephalosporins in originally susceptible organisms
while the patient was on therapy have been published, but this
has not be~n documented for other antimicrobials.60

Imipenem was the only other antimicrobial that could be used
in our V,it in cases of suspected nosocomial sepsis as resist-
ance to the remaining antimicrobials was so high. It has a
broad antibacterial spectrum covering both GPB and GNB, and
may act synergistically with aminoglycosides. Extended-
spectrum ~-lactamases are unable to oonfer resistance to
imipenem, but a few organisms produce a specialized imipenem-
hydrolyzing ~-lactamase, including rare isolates of serratia
spp, En_terobacter cloacae« Bact.eroides iragil is and all
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strains of Xa.:'l.thomonas!!!Ylto_philia. 59,120 TlJe responsible
genes are chromosomal, which would ,~·.dt the spread to other
bacteria. In a few organi&ms imipenem resistance has been
associated with altered penicillin-binding proteins. Psedo-
monas aeruginosa can also readily becom~ resistant to imipenem
specifically through the luss of an outer-membrane protein
that provides a channel for the entry of imipenem, and a
similar mechanism has been proposed for imipenem resistance in
Enterobacter aerogenes. 23% of the Pseudomonas isolates in
our study showed imipenem resistance.

2.1.2 Mortalitx Though the mortality due to nosocomial GNB
sept.Lcaemi.a was compaxab.l.e to that in other units, it rera8J.ns
unacceptibly high ~nd was responsible for a quarter of all th2
deaths that occurred after three days of age in the unit,
being the most; ;mpor+ant; cause of death amof&'Jf'Co baba.ea with
birth weights of 1500g to 1999g. Not surprisingly the
mor-t.aLi.tiy was highest amongst babies with birth weights <1000g
(72%) as they would not have received any ventilatory cr

inotrope support when their condition deteriorated. The
highest mortality was found amongst the babies with Pseudo-
monas septicaemia (83%) and the lowest amonqs'c those with an
acquired Serratia infection (38%). Generally, the mort?l.1ity
due to nosocomial sepsis was higher than that due to cong-
enital infections. 56,5% vs. 23,4% as has been noted by other
researchers. 32 Interestingly enough, the presence of menin-
gitis did not result in an increased mortality.
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An important findirllg ~tas that the change in antimicrobial

policy for treating suspected cases of hospitt:tlacquired
sepsis which resulted in only one drug being used that would

cover for GNB instead of two did not result in a higher

mori::ality. If anything, 'I::ho rncn:tality decreased (54%vs ,

67~), pr'cbab.Ly reflecting hightened awazenees and improved
care of infected babies during the study period. Most

authorities would advocate treating GNP. sepsis in the neonate

with combination therapy.99 The change to first-line am.ikacin

therapy also did not have an adverse effect on the mortality.

2.1.3 Haematology The wee and platelet count were poor

indicators of acqu.ired sepsis and also not useful in prognost-

icating the outcome, except in the babies with Pseudomonas or

Co;i!rratiasepticaemia when a platelet: count below 100 OOO/li'll

was associated with a higher nlortality. These are surprising

flndings as Ok would have thou9ht that babies with neutrop=

aenLa would have carried a worse prognosis than those without .•

In summary, noaocomi.af septicaemia was an ilnportant cause for

increased morbidity am~~mortality in our Uni.t. Though hand

spread must be an Impor-carrt mechanisms by which GNBwere.

transfer:r.ed from baby to baby, members of staff ",ere rarely

Lderrt.LfLed as carrying these organisms.121 Equally, they were

seldom isol!.lted from the envdronment; in proximity to affected

babies. 1'hemost in'lpo:et:antrecevoh: of these organisms is

amongst tllO neonates then\sel vee, Morgan et a1 demonatn-at.ed

that faecal carriage in thase babies is constant; none of
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their babies $tudied ceased rectal carriage whill?t in thei:r:
unit.83 As these infants are J.ischarged home still colonized
with these organisms and can rennain so for months, the
possibility of disseminating these organism:;.to the general
population is particularly worrying.122,123

2. 2 ~ic Funa.:"LJ... Iltfectiol1l:'';
Systemic fungal infection occurred in 1,7% of all the admiss-
ions '\.:.C" the unit during the study period~ the highest rate
being among admissions to lCU (6,2%) and among babies with
birth weights <1000g (7,9%), though most of the cases occurred
in babies with birth weights between 9999 and 1500g. These
are similar rc~tes compared to other researchers though some
report much lower rates.124,125,126,127,128,129 !vlostof the
cases were due to Candida spp t.hough the number of cases
declined during 1990, the last two :months of which saw cases
of Toy,.:u].opsisgla~1ta appearing. Whether this was related to
a concurrent project involving the use of prophylactic oral
mycostatin is conjecture. The relationship bet't.,eenhospital
acquired GNB septicaemia and fungae:mia has already been
mentioned, the fungal infection occurring more often after
than bef'.:>rethe GNB infection. '1'he babies with systemic
fungal infections were thus oldc,:rthan those with nosocomial
GNB sepsis, m~Rn age of 22 days vs. 14 days. One wonders how
many :more babies would have developed a funqaemia had they riot
succu:mbed to, for example, their Klebsiella septicaemia Which
often prov::;dto be rapidly fatal.
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Candida infections are thought to arise from invasion or

a.iSl:uption of colonized mucosal or ~pithelial surfaces;

certainly a strong correlation between systemic fungaemia and

bowel pathology was demonstrated in our study. Infants with

mucocutaneous candidiasis are at. increased risk of developing

invasive cand:Ldi.asisespecially if of LBW.130A third of the

babies with mucocutaneous candidiasis in the srtudy by Roger et

al developed syst.emic candidiasis .127 Trea'ement of the IDl.lCOe>

cutaneous lesions with nystatin did not preclude subsequent

deveLopment, of invasive candidiasis which occurred as late as

t\o.ro months after the diagnosis of mucocucaneouscandidiasis.

The incidence of systemic c~ndidia~is in that study amongst

babies with birth weights <1500gwas 4,5% cf. 5,4% in OUX'

study. They also demonstrated that prolonged duration of

antimicrobial therapy and duration of endotracheal intubation

were associated 't'lith invasive candidiasis. The possibility

that SCHueantimicrobial agen':':smaydirectly stimulate the

replication of candida remains cont..'oversial.131 It is

difficul t to knowwhether the association with prolonged

endotracheal intubation is causal by providing a route

directly to susceptible lung parenchyma, or merely a marker of

the sickest infants. Weese-!·7ayeret al in addi t.Lon noted

associations 't'lith pClrenteral nutrition including Lv fat

emulsions r also demcnatrrabedin our study which showeda 13 to

30 increased chance of developing a fungal infection if 011.

parenteral nut.ri.t.Lon than if not.132 However, it Ls not clear

if the fungaemia is due to the bowel pathology for which the
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baby WdS parenterally alimented or wh~ther it is due to the

intravenous solutions per see Fungaamia dev..:!loped in 0,9% of

the babies in their intensive care nursery, a much lov,'er

proportion 'chan in ours cf. 6 f 2%. Unfortuna.tely I the use of

prophylactic oral nystatin since birth in at risk Lmv- .babies

has not been shown to prevent the development of systemic

fungal infections later on.133

The mortality due to systemic fungal lnfections in our s'tudy

was 45%, babies who acquired th.eir infection in the Ieu having

a mortali1:y of 57%. Unlike deaths due to GNBsepticaemia,

that due to fungaemia was not higher amongst LBWbabies, an

unexplained finding. It accounted for J.O% of all daatihe among

babies oJder than thE'ee days of age, though it is often

difficult to asc~rtain whuther the baby died 'from the fungal

infec\::ion or from aeptid.caemi a caused hy another organism, 56%

of them having at least Ol'1El other episode of nosocomial septi-

caenlia, a higher proportion than was found amongst babies with

nosocomial GNBaeps Ls (39%). Though there is a general im-

pression that systemic fungal infections are nat as fulminant

as that due to GNB, 22%of the babies with fungaemia who died

did so within 24 l'ours af being cultured for suspected sepsis

and 62%of the deaths occurred within a week. This meant, that

a large proportion of babies were never treated for their

fungal infection.

Once again, haematological parameters Y,Tereunhelpful in

identifying babies \vith systemic fungal infectionls or in
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prognosticating their outcome.

2.3 Gram Positive Isolates
GPB were isolated in a slightly smaller number of babies older
than three days than GNB durillg our study (207 vs. 222), the
.most common isolate being S . .mt:i.dermldi~(48%), followed by
%h. aureus and E. t..e.gcalis. Whether a la:cge proportion of
these isolat.es were contaminants is difficult. to d.etermine.
Certainly, ~ eRidermidi~ has become an increasingly important
cause of nosocomial bacteremia in many neonatal Ir!U's esp-
ecially amongst LEW weight infants makj ng up as much as 73% of
all nosocomial blood culture lsolates.134,136,13L:,137,138 The
emergence of coaqu l.aae-eneqat.Lve Staphylococci as pathogens in
neonatal leu's is thouyht to be associated dth the widespread
use of broad spectrum antimicrobials in these units though
other factors certainly promote the occurrence of such in-
fections in the premature newborns.13~ As opsoflization is a
key process in host resistance to staphylococci, the decreased
opsond,c activity obaerved in premature neonates would pre-
dispose them to infections due to the.se normally harmless
commensa ls.140 1141 Moreover, heat-stable opson i.na (opsonic
antibodies to S. smi.dermidis} which are restricted to the :egG
class in s~ra from normal adults, are completely lacking in
sera from premature neonates.142 They are even absent in term
babies suggesting that either opsonically active IgG anti-
bodies to staphylococci are inactivated during trans~lacental
transfer or opsonic IgG does not cross the placenta. Coag··
ulase-negative staphylococci are also capable of adhering to
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plastic catheters due to hydrophobic bonding.143 This may be
inhibited by the hydrophilic serum protein albumin, and sub-
inhibitory concentrations of cephalothin, vancomycin and, esp-
ecially clindamycin. However, once established, catheter-
related coagulase-negative Staphylococci are difficuH:. to
eradicate with antimicrobials. The role of slime production
by coagulase-negative staphylococci in adhesion to plastic
materials is less well defined4144 Christensen et al found
that coagulase-negative strains of staphylococci isolated from
patients with catheter-related infection were more often
slime-producers than strains not associated with an infection,
but this is probably a secondary phenomenon following adhesion
by hydrophobicity that protects them from the host's defense
system. 145 F'leer et al reported that more than 90% of their
cases of coagulase-negative Staphylococci occurred in babies
with birth weights <2500g and that all 'were receiving intra-
venous therapy and nearly 80% were on parenteral nutrition.l46

This was not observed in our study; only 22% of the babies
from whom S. gE..idermidiswas isolated had received parenteral
alimentation.

Because coagulase-negative staphylococci also constitute
o commensal skin flora, these isolates are considered a common

cause o~ contamination of blood cu~tures.147 D'Angio et al
showed that the akin of all premature babies admit.ted to an
inten8ive care nursery were colonized with a predomi~ant
biotype of $. eRiderlUidi~?within a week, 82% of which showed
mult.iple antimicrobial resistance and 95% slime production, a
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feature associated with pathogenicity.148 Infants so coloniz-
ed may be at greater risk for subsequent infection with these
strains of coagulase-negative staphylococci especially via
intravascular catheters. It is difficult to interpret the
significance of these organisms when isolated from a blood
culture as the babies are usually treated immediately and thus
one cannot confirm the isolate with repeat cultures as would
be done in older patients. Quantitation by means of lysis-
direct plating has been advocated as one method of predicting
contamination. 149 sepsis is deemed not to be present if
bacterial counts less than or equai to 5 CFU/ml are obtaJ.h.let.
However, Hammerberg et al demonstrated that only 7% of coag-
ulase-negative Staphylococcal blood isolates were associated
with identical contaminants obtained from the ve.nip\mcture
sites and thus did not advocate the routine quantitation of
neonatal blood cultures.1SO Evaluating the FBe including the
immature to total neutrophil ratio has not been shown to
facilitate the interpretation of blood cultures growing coag-
ulase-negative Staphylococci in thp.neonatal period (Geme et
al).149 Many of the ~ E!l2.idermidisobtained in our study were
probably contaminants, the doctors' techniques for taking
cultures falling very short of that recommended by Hammerberg,
ma11Y of the cultures having been taken through arterial lines
that had been placed many days earlier. Even if all the
cultures reflected true bacteremia and not contamination, then
~ epidermidis only accounted for 17% of all nosocomial iso-
lates in our unit.
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Previous epidemics of .§,.!.. aureus have been characterized by
skin disease with little systemic illness. The increased use
of umbilical catheters has resulted in an increase in the
number of systemic infections due to S. aureus.lSl Very small
numbers of .Q_.~ aureuE!_are capable of irlitiating newborn coloni-
zation maldr.::the identification of any factor in 'the environ-
ment as the source of infection difficult. Attendants' hands
are probably the most important source of infant colonization.
Wolinsky et al152 showed that 85% of infants colonized with ~
~~ resulted from an att:endantIs touch. By five days the
colonization rate of infants in a neonatal unit may range from
40% to 90%. the sites of colonization including the umbilicus,
rectum, nares and skf,n; The disease rate amongst these in-
fants, however, is low being around 3%, but;, in the case of
epidemics due to virulent hospital strains may be as high as
70%.139 Whether these strains wi.ll become widespread in
nurseries and the extent to which resistant organisms are
virUlent remains to be seen.

~ faecalis unt.il recently was not considered an Lmpor-t.ant;

cause of neonatal sepsis.l53 Dobson et al, however, noted an
increase in late-onset~. faecal is sepsis in their neonatal
unit with an incidence of 0,7 per 1 000 live births, a much
higher incidence than noted in our study (0,05 per 1 000 live
births).154 The incidence of early-onset sepsis in their
study due to ~ faecal is did not show a concommitant increase
remaining at 0,1 per 1000 live births. The increase was
attributable to the increased survival of very LBW infants due
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to improved lCU management. 20% of the late-onset cases were
associated with ~EC, a similar proportion as observed in our
study (23%). The early-onset cases occurred in near term
babies who were not particularly ill and did not appear to
have any obstetrical risk facto~s. The late onset occurred
amongst LBW babies who were ill and had received several
courses of antimicrobials, most of them on ventilation and
with umbilical catheters in situ. Meningitis was present
only amongst babies with late-onset disease, 15% having
meningeal involvement, a lower proportion than found in our
study cf. 30%. polymicrobial sepsis occurred in 12% of the
'patients, most with NEC, a much lower proportion than observed
in our :udy (33%). Both conddt Lone carried a low mortality
of 6-8%. All isolates were susceptible to ampicillin and
vancomycin but an arninoglycoside was added to their treatment
as both penicillin and vancomycin are only bacteriostatic for
~ faecalis. The isolates obtained in our study were much
more resistant, only half being susceptible to ampicillin.

2.4 SUl1}maa

~~he overall incidence of nosocomial infections in our unit is
thus not definite as one cannot be sure which, if any, of the
isolates from blood and CSF cultures were contaminants.
Assuming that all the cultures were genuine, then the rate
would be as high as 7,1 (445/6349). Rates amongst premature
babies approaching 20% have been reported by Jarvis et al;84
making similar assumptions, 8,8% (359/4072) of our LBW babies
developed a nosocomial septicaemia, the highest rate being
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amongst babies with birth weights <100t1g (28,6%) (40/140) and
approximately 18% (160/ 899) of babies adn.itted to the leu
were affected. Nosocomial infections would then have been
responsible for 36% (177/489) of all deaths occurring after
three days of age. The yield of positive blood cultures was
twice as high when taken for suspected nosocomial sepsis
compared to congenital infection, 20% (592/3000) vs. 10% (633/
6000). Only 5% of the eSF's sent for culture yielded a
growth.

3 • NECROTISlNG ENTEROCOLI'rrS
The association between nosocomial GNB sepsis and systemic
fungal infections with NEC was most striking. However, this
has been observed before by other workers; blood cultures have
been shown to be positive in approximately one third of
patients with NEC.28 However, the organisms associated with
NEC probably just reflect the colonic flora; they are not
necessarily the responsible agents in the pathogenesis of NEC.
Healthy babies acquire a complex bacterial flora within days
of delivery whereas in those requiring intensive care and
those on antimicrobials only one or a fe\,latypical species are
present in the faeces, often in much greater number as infants
have not received any passive mabernaI protection against
them. With time the.diversity of colonizing species increase
but the process can be interrupted o~ reversed by the ad-
ministration of broad spectrum antimicrobials.80,84 Faecal
carriage rate of Klebsiella or Enterobacter spp in a neonatal
unit of 42% and of E. coli of 14% has been reported.61,83 One
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study showed that antimicrobial usage in neonatal units promo-
ted carriage of drug-resistant faecal bacteria among untreated
infants more than among the treated neonates.155 That is,
antimicrobial therapy made the infants sources rather than
recipients of nosocomial strains. Because the organisms iso-
lated from the blood of babies with NEC reflect the current
colonic colonization flora, the common pathogens identified
have shiZted recently from Gram negative enteric bacilli to
~ epidermidis which has become an importa~t cause of noso-
comial sepsis in many neonatal ICU's. Uauy et al studied the
occurrence of NEC in very LBW babies «1500g).156 Proven NEC
occurred in 10% of their study infants and suspected NEC in
17%. Positive blood cultures were obtained in 44% of the
babies with proven and 34% of suspected NEC compared to 15%
amongst babies with neither bowel pathology. Interestingly
enough, ~ epidermidis and other GPB were the most frequent
isolates in all except;the babies with NEC Who perforated when
enteric gram negative organisms were most frequently isolated
(49%). Candida spp made up 6% of all isolates, being more
important among babies ''lithsuspected NEe when it made up 17%
of the isolates. The incidence of proven NEC in the equival-
ent category of babies in our study was similar (7%) (78/
1123), but that of suspected NEC lower (9%) (106/1123), prob-
ably reflecting a lower index of suspicion amongst our doctors
than the real occurrence of less cases. The proportion of
these babies with proven NEC or suspected NEC and positive
blood cultures in our study was much higher, 60% (47/78) and
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44% (47/106) respectively, whereas 15% (137/939) of our babies
under <1500g without bowel pathology had positive blood
cultures, the same as observed by Uauy et ale The most common
organism isolated in our babies with NEC was, howevr.r, not~
epidermidisl which only accounted for 6% of positive blood
cultures obtained from babies with proven NEe and 9% of those
from babies with suspected NEe, but GNB. GNB accounted for
53% of the positive blood cultures obtained from our babies
with proven NEC and 45% XLom those with suspected NEC. Yeasts
were isolated much more frequently in our study making up a
gu{') .t"terof the positive blood culturee obtained from the
babies with NEC (see Fig. 4.1). Expressed in another way, 40%
of the babies from whom a GNB was isolated in our study and
43% from whom a yeast was isolated had either proven or
suspected NEe. with the data available to us we were not able
to differentiate those babies who had perforated from those
who had not as one might have expected to isolate more organ-
isms from cases of perforation.

Circumstantial data had suggested that NEC might be associated
with an infectious agent; the disease occurs in epidemics
which have been associz.ted with single pathogens such as ,l';..!..

coli, Klebsiella spp I Salmonella spp I .!:L.. epidermidi.s. CIQ_~ter-
iflium butyri.cum and various viruses, and personnel have been
observed themselves to be ill at the time of outbreaks of NEC.
157,158,159,160 The difficulty in isolating specific micro-
organisms though, has created the thought that NEe may be due
rather to a bacterial toxin. Endotoxins released by enteric
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bacteria have been implicated as has tumour necrosis factor
and platelet activating factor.161 Delta toxin released by
coaquf.ase neqat.Lve Staphylococci found in the faeces of babies
has also boen associated with the development (,")fNEC. It; 0

The mortality observed in our study of babies with Nec is .IekY

high, being 74% among babies with proven and 40% among these
with suspec·ted NEC. The mortality was not greater if blood
cultures were positive in cases of proven NEe, probably
reflecting the inherent high mortality of this bowel ent~~y,
However, the mortality was much higher in cases of suspec~ed
NEC if there was a lJoncomitant positive blood culture. This
probablly indicates that, in caGes of suspected NEe without a
positive blood culture the babies Just had feeding difficult-
ies, whereas in the remainder the gastrointestinal s~gns were
a reflection os sepsis which would carry a higher mortality.

4. CONCLUSION
One cannot stress enough the important role infections play in
the morbidity and mortality among babies admitted to Bara-
gwanath's neonatal unit. Though there were many episodes of
culture proven sepsis, when one actually takes into account
the large number of patients passing through 'thE'! Unit, the
incidences are compaz-abLe to that observed by other Lnveat;-

igators, as is the mor~ality in our Unit. The most important
""essaye must be that it is emperative to continue the surveil-
lance that was institllted for this study as th~ prevale}"!p~ of
the organism~ responsible for neonatal sepsis are continuously
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changing as ";rf~ th(ii:ir susceptibility pat·cerns. Due to the

aubopt; imal obst.etric care rec~dved by pregnant women in sov-

eto, thEl't"e probably is not. much that. can be done to mod.ify the

impact of eonqen l tal infectiom; on thei.r babies. However,

much can be done to decrease the. :Lnciclence of hospital acqu lz-«

ed infections. Beside t.he basic aseptic techniques fam.il iar

to medical personnel, thOl:~ghoften not adhered to in our Un!t

due to overcrowded, uncler£·taffed conditions f there are a

number of other l:"€:commenda.t.ionsto attempt~ to decrease the

number of babies comp.romi.ced by nosocomial infections. It

certainly is tragic to Sf~e a critically ill baby survive his

original illness only to succuna to an infection (''1Qurtesy of

the hospf, t.al.

5.1 Recf.}mo.n¢latir ).§.\

5.1.1 Di9gna~ Accurate diagnosis of neonatal s~psis is

difficult b(;;:cf;lt.'se"there is no definitive diagnostic test: even

blood eultures have an l.1nacc~ptibly loW sensitivity.. In order

to treat rapidly all neonates in our unit with sepsis and

mini;.ui;.;;e thcn:apy for those without, :f.:'urther laboratory in-

vest.:i.gat.ions ouch as levels of acute phase reactl:<nts 511ou1d

probably be performed. A scoring ~:JystQlnusing these ·t.ogeti1QY'

with a good clinical. eva).uation as advooa'ced by st. Geme at al

migr.;:. be used to determinE:'! more accurat.efy ,vhich baby is in-

deed septic and needs therapy.162f163,164

Nm·,rhere dCIC.~8 thif~ hold 11\01:0 true than for the il1numel"abl/~

ba;,ia::l front whom !')taphylococci w~.!l:e iwol.at:ed. In DI'der to
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determine if at least the. So epiderm:i..disisolated from the
blood are contaminants or not, the lysis direct-plating
quarrc Itati ve technique as mentioned above cou l.dbe adopbeo ,

5.1.2 Antimicrgh:i.al,.§Antimicrobial use should bestrictly
cont.rolled; the effect of broad spectrum antimicrobials on the
normal gut flora of the neonate and the subsequent predilect-
ion to sepsis with It'ultiresistant organisms has already been
ment.Loned , ce:ct:ainly, the use of intramuscular amikacin in
the treatment of well b~.bies with PROM or off,,,nsive liquox' is

net, sUbEitantiuted as only one GNB was isolated from these
babies during t.he two years studied. In order to formulat:e
what antimicL'obials should be used in the unit, routine
surveillance is neccessary.165,lG6 At pr~se!lt only organisms
iSt')latedfrom the blood and CSF of ill patients are being
recorded; ideally this should be ext~nded to culture and
sensitivity testing of t.")thersites SUGh as tracheal aspirates
from intubat~d babies and rectal swabs from others in order to

identify the Cllrrent organisms in the Unit and their resist-
ance patrcer-ns .167 However, unless one intends to isolate
co l.ondzed babi em from those that aren ' t f this 't,/ouldbe a
costly exercise with little additiaaal benefit, the organisms
obt~ined from blood and CSF cultures invariably being those
already present in the babies' gastrointestinal tract.80,84
Routine surveillance permits the introduction of alternative
first line treatment regim~~s on a rotational basis which may

heJ.p in ccmt:r.·ollingt.he emergence of resistant strains let.

axone ensur-e that babies ai."E~r!l~ceivingappzopr Lat;e e.n't.i-
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microbials. Whichever antimicrobial combination is used, care
must be taken to avoid antagonism and to detect the emergence
of resistant strains as they occur. This may entail changing
the empiric regimen on a cyclical basis in order to minimize
the problem and maintain an acceptable level of clinical
response.16B controlling the development of resistance to an
antimicrobial requires attention to the complex relationship
between the Us>Cl of the compound and factors such as how, and
to which species, a particular resistall'::ecan be selected; why
the stra,ins carrying the genetic determination survive and/or
multiply in a particular ecological niche; how plasmids and/or
transposons carry the resistance gene; and what regula'tes the
t.ransferab:Llity of a p1.asmid.l69,170 'I'heapplication of newer
techniqUt\1sin molecular epidemiology such as plasmid finger-
printing and gene probes and the identification of enzymes
produced by microorganis~s which are being used in other parts
of the world, could also be used here as an epidemiological
tool.l71 This wOllld extend our knowledge of the nature and
sprea--.'!of mUltiresistant bacteria through our Unit, especially
in 'I;he spE~cial.izedecosystems of the rCT] and TCU.

As Ear as the usefulness of identifying colonized well babies
is concerned, some workers managed to control outbreaks in
their units by cohorting these babies: Morgan et a1 controlled
their outbreak of gentamicin resistant Klebsiella by cohorting
co:_onized infai\ts and cross-infection control measures. How-

ever, it took them seven months to cleaL' their unit by this
method. 83 On the other hand, WJ:.d.b::il c:rt. a1166 found that



164

surveillance for resistant organisms was not of value for
predicting those infants who become infected. Furthermore,
they found that the number of infected infants waxes and wanes
independently of cross-infection control measures. Certainly,
to be effp.ctive, measures designed to control the spread of
resistance genes must be anticipatory, since by the time a
plasmid epidenlic is recognized, a large reservoir of patients
have already been colonized ("iceberg effect").

l1any of the organisms isolated in our Unit are multiresistant
and the remaining number of drugs that could possibly be used
is very limited with quinalones being contraindicated at the
prese.nt time in neonates, imipenem-resistant strains may not
be treatable, The determination of antimicrobial synergy
using the checkerboard dilution technique nl.ightbe (.'If great
benefit to determine what antimicrobials to use in treating
septicaemia du~ to these organisms.172 The results obtained
in vitro, however, aze often not what is observed in vivo;
patients often do better \vith combination antimicrobial
therapy despite no advantage hC'.vingbeen shown in vitro. The
ueua l method for testing in vitro antimicrobial combinations
involves the exposure of a given bacterial inoculum to a
conatiant;OJ:' static concentration of th(~ antimicrobial agent.
However, iI'l vivo, in the trea\.'Uel1tof patients with clinical
infection, antimicrobial concentrations are changing contin-
uously in aerum and in infected tissue or fluid. Thus,
bacteria at the site of an infecti("'nare exposed in vivo to
oscillating ccncermra'tLons of antimicrobial drugs. Zinner et
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al have developed a t\'m-compartment in vitro pharmacokinet.ic
model that allows them to ~xpose ~acterial inoculums to
ch(\nging conce.ntrations of ~.ntimicrobials in a manner that
minics their actual concentrations in human subjects.101 Even
orgran:i.smsresistant to both antimicrobials used in a comb-
ination therapy can exhibit synergism. Therapy using both an
aminoglycoside and a cephalosporin to treat multiresistant GNB
shOl.vil1gin vit.ro r'.~sistance.to both these antimicrobials has
been shown to have a synergistic effect both in vitro as born
out by the checkerboard tube dilution method and in vivo in
that the clinical respons ' was favourable. Isolates that show
aminoglycosida resistance attri~uted to a permeability barrier
can be synergistically inhibite.d by a combination crmtalrling
ureidopenl.cillins that disrupt the cell \lall.and facilitate
the transport of aminoglycosides to the ribosomes. Amikacin
has been shown to be. the l"ost reliable synergistic amino-
glycoside regardless of. the fi-lactam used, Clinically
meaningful synergism produced by amikacin occurs in organisms
nloderately resistant (MIC <64~g/ml). In addition, combination
therapy is thought to prevent the emergencE-. of resistance.102

As subinhibitory concentrations of antimicrobictls may result
in i.ncreased numbexs of resistant stra.:i.nsand therapeutic
failure it is mandatiozy that drug ltwel;;;be monitored. '].'h1s
has only been possible in our neonatal leUr the large numbers
of babies otherw'ise involved making it impossible both pract-
ically and financially.
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5.1.3 Adjuvant Therap£ As it is evident that many babies die
from sepsis despite being on appropriate ant~microbial
therapy I other adjuvant forms of therapy have been cons i.dexed,
Though it has been advocatod that combining immunotherapy with
antimicrobials might have a synergistic effect in the treat-
ment of neonates with sepsis, work done by Leonard et al on
GBS sepsis demonstrated that high doses of nonspecific immuno-
globin may in fact cause blockade of opsonophagocytosis of GBS
via Fc receptor blockade ICdspflciallyin the pres-ence of neunro-
paeni.a..173 High doses of GBS type-specific imrnunoglobin on
the other hand appeared to be beneficial, more work in this
regard being necessary.174,175 Even though Haque et al showed
significantly fewer dea'i.::hsamong babies given immunoglobin
plus antibiotics than among babies not given immunoglobin,
this study was not blinded nor placebo controlled. "'I ,'6 Christ-
ensen et al177 in a double-blindod, placebo-controlled study,
though not showing an improvem~nt in the mortality between
babies with early-onset sepsis who received immunoglobin and
those who did not, demonstrated improvement in a number of
immunologic, haematologic and r~isiologic measu.cements result-
ing in a shortened hospital stay. They also demcns crated the
safety of immunoglobins given to babies with sepsis; many
theoretical complications such as hypotension due t.o the
formation of antigen-antibody complexes ,.,ith rapid release of
potent inflamrl1atorymediators werE: not observed. 'I'he use of
immunoglobin the~ctpy to reduce the mortality of congenital
infections in the Baragwanath context is not feasible at
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preSe::lntdue to the expense and lack of availabl-l.ity of
specific immunaglobins. Inability of identi1ying the infected
newborn would result in large numbers of babies being treated
on suspicion, many unnecessarily.

5.1.4 Nosocomial Infe~tions. Selective decontamination of the
gut as has been tried in adult leU's might be effective in
preventing colonizat.ion of the high ris)t:neona'ceIs bowel with
resistant, pathogenic GNB. Groeninges et al were the first
to advocate the use of oral antimicrobials to suppress undes-
irable organisms from colonizing the gut of patients admitted
to intensive care units.178 Reidy et al compared the colon-
ization rate af th.eir patients treat9u with oral tobramycin,
polymixin E and amphotericin B with a control gr-oup. Rectal
colonization with hospital acquired GNB fell from 60% to 20%
and those present \'leraless resistant whereas fungal colon-
ization was completely eliminated being 20% in the control
group. Nosocomial infections due to GNB and fungae were also
decreased but there Wa~ no effect on GPB infectionsi these
organisms showing an increase in resistance. 179,180 others
have suggested the use of avirUlent, susceptible strains to
colonize high-risk individuals but these approaches rnma.ln
e:x:peri11lental.Prevention of colonization of the neonate a S gut
by Candida spp using antifungal agents would most likely
prevent systemic disease as well (Baley et a2).12~ To datu,
effective strategies have not been defined; certainly, a study
performed in this unit using oral mycostatil1 did not effect
the rectal carriage rate though th.e incidence of systemic
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fungal infections did decline. The use of fl,mgal agents other
than nystatin 5till needs to be evaluated; the use c.f short
courses of:low-c1ose systemic antifungal agents is :';;l-\f;;culative.

Ii.l1munoglobininfusions have also bee:r used prophylactically in
preterm infants in an attempt to decrease the incidence of
nosocomial sepsis.181,182 183 The apparent failure of this
therapy in various studies may have been due to the fact that
predetermined doses w, given at fixed intervals, no effort
having been made to adjust the therapy according to a target
serum level. Clapp et al184 gave immunoglobin to preterm
infants throughout their hospital stay to achieve a serum IgG
level of 700mg/dL and showed a significant decrease in the
number of episodes of comial sepsis. However, this form
of therapy is cumbersome, let alone expensive, levels of IgG
having to be determined routinely and trea.tment adjusted acco-
rdingly in order to ensure that the ttl.rgetlevel was maintain-
ed and thus no':':really feasible in our unit. New approaches
in adults using monoclonal antibody to the lipid A moeity of
endotoxin may have application in neonates. In addition, the
use of ant:i-TNF must be evaluated in paediatric rcu's.

Cost effective strategies that can be LmpLement.ed are ixnprove'-
ment in routine infection control procedures, limiting the
number of babies admitted to the wards and increas:' the
nursing staff. Education of the personnel on the single im-
portance of handwashjng, and ensuring its impleme:ntation, may
illustrab: , sh:.J," ',;:i.Ll.ltionto a complex problem.
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