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Communicable Diseases

Infection with netilmicin resistant Serratia marcescens
in a special care baby unit

D A LEWIS, P M HAWKEY, J A WATTS, D C E SPELLER, R J PRIMAVESI, P J FLEMING,
T L PITT

Abstract

An outbreak of colonisation and infection with a netil-
micin resistant strain of Serratia marcescens occurred
in a special care baby unit. S marcescens was isolated
from a total of 13 babies; significant infection occurred in
five, of whom two died. Epidemiological investigation
failed to detect a common source but gastrointestinal
colonisation of babies formed a prolonged and possibly
important reservoir for infection. Containment proved
difficult until the unit was closed to new admissions,
and even then spread to a temporary unit ensued.
0 Serotyping and bacteriophage typing disclosed a

single epidemic strain. This produced an aminoglycoside
acetylating enzyme (AAC(6')) conferring resistance to
netilmicin and tobramycin and moderate resistance to
amikacin. Use of gentamicin resulted in the isolation of
serratia with increased resistance to all aminoglycosides,
and, similarly, increased resistance to third generation
cephalosporins emerged with their use.

Introduction

Serratia marcescens is a well recognised cause of nosocomial
infection, and outbreaks in neonatal units have been described.'-4
Usually these proved difficult to control unless an environmental
point source was identified and eliminated.5 The strains of
serratia responsible for outbreaks of cross infection have often
been resistant to many antibiotics including gentamicin.6 7

After substituting netilmicin for gentamicin as part of "blind"
antibiotic treatment of serious infection in our special care
baby unit we experienced an outbreak of colonisation and
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infection of neonates by a netilmicin resistant strain of S
marcescens.5 This strain was sensitive to gentamicin but showed
reduced sensitivity to amikacin.
We describe the outbreak together with our attempts at

control of spread and report the results of epidemiological
investigation.

The outbreak

Of 24 babies investigated in the unit over three months, 11 were
colonised or infected with S marcescens. The index patient (case 1)
was born at 26 weeks of gestation with moderately severe respiratory
distress syndrome. He developed consolidation and collapse of his
right middle lobe after prolonged dependence on the ventilator. In
the first month of life he received four short courses of intravenous
netilmicin before the isolation of a netilmicin resistant, gentamicin
sensitive S marcescens from endotracheal aspirates. At the same time
he developed a purulent conjunctivitis, and a strain of serratia was
isolated that was sensitive to netilmicin and gentamicin. He was
treated with systemic and topical gentamicin with rapid resolution of
his eye infection. Table I gives the clinical details of this patient
and of the other babies subsequently affected. Severe infections
occurred in five babies in the unit, and two of them died. Two
babies (cases 12 and 13) became colonised during their stay in a tem-
porary special care baby unit.

Before this outbreak there had been frequent movement of babies
within the unit, depending on their requirement for intensive care
facilities, which were concentrated in three large rooms. At the
beginning of the outbreak attempts were made to contain the in-
fection by curtailing movement of babies and not putting new
admissions in rooms containing colonised babies. Spread, however,
occurred very rapidly, and within two weeks five out of eight rooms
contained colonised babies. This inability to prevent spread and the
fulminant infection resulting in death of the second infant (case 11)
necessitated closure of the unit to new patients. Babies born sub-
sequently who required special care were nursed in a postnatal
ward, which became a temporary special care baby unit, and those
needing intensive treatment were transferred to another Bristol
hospital.
A strict isolation policy was instituted; the unit was segregated

into "infected" and "non-infected" areas, and nursing staff were
assigned to one of the two. Careful attention was paid to hand-
washing, with the use of alcoholic chlorhexidine rub as well as
aqueous chlorhexidine.
The antibiotic policy for the unit was changed during the outbreak.

Cephalosporins were substituted for penicillin and netilmicin as
"blind" treatment. Initially cefotaxime was used, latamoxef being
used instead on one occasion, but later ceftazidime was substituted
because of the emergence of serratia isolates with increased resistance
to cefotaxime and latamoxef.
The unit was closed for a total of seven weeks, at the end of which

the five remaining babies were transferred to a vacant ward until
discharge and the unit thoroughly cleaned before reopening.
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TABLE I-Clinical features of neonates infected or colonised with S marcescens

Gestational No of days on unit
Case age to first serratia Site of first isolation Previous Diagnosis on admission Serratia associated
No (weeks) isolation netilmicin morbidity/mortality

1 26 42 Endotracheal aspirate, Yes Prematurity, small for dates, Conjunctivitis, pneumonia
conjunctival swab respiratory distress syndrome,

jaundice2 33 7 Blood Yes Small for dates, prematurity, Septicaemia (+ Staph aureus)
jaundice, severe necrotising Died
enterocolitis

3 28 8 Rectum, urine, umbilicus, No Apnoea of prematurity, jaundice Urinary tract infection with
nose pyuria, bacteraemia

4 26 24 Urine Yes Severe respiratory distress Bacteraemia
syndrome

5 30 54 Rectum, urine, umbilicus, Yes Prematurity, respiratory distress None
nose syndrome

6 33 25* Rectum Yes Maternal placenta praevia, None
antepartum haemorrhage, gut
perforation

7 29 16 Rectum, urine, umbilicus Yes Pneumonia None
8 34 7 Rectum Yes Maternal prolonged ruptured None

membranes
9 42 9 Rectum, urine Yes Oesophageal atresia, tracheo- None

oesophageal fistula
10 35 8 Rectum, urine No Prematurity, small for dates, None

tachypnoea, patent ductus
arteriosus

11 35 5 Blood, meninges No Maternal antepartum Fulminant septicaemia,
haemorrhage, respiratory distress meningitis. Died
syndrome

12t 37 23 Rectum No Duodenal web, malrotation, None
ventricular septal defect

13t 35 7 Rectum No Severe talipes equinovarus None

*Transferred from another hospital at nine days.
tIn postnatal ward (temporary special care baby unit).

Investigation of patients, staff, and environment

Initially twice weekly (and later weekly) swabs from nose, umbilicus,
and rectum together with urine specimens were taken from all babies
in the unit. After three weeks perineal swabs were collected in place
of urine and after closure of the unit screening was extended to
babies in the temporary unit. Rectal swabs were also taken on one
occasion from babies in all postnatal wards. Specimens were col-
lected throughout the period that the unit was closed and from
colonised babies for the duration of their stay in hospital. After
discharge samples of faeces were collected from some colonised
babies at weekly intervals for the first month, and thereafter monthly
in order to ascertain the duration of carriage of serratia. Surveillance
continued after the unit was reopened with weekly nose, umbilical,
and rectal swabs from all babies.
Many specimens were collected from the environment: incubators,

humidifiers, ventilators, sinks, jugs, buckets, medicaments, intra-
venous fluids and additives, disinfectant solutions, arterial pressure
transducers, breast pumps for expressed breast milk, and a blood gas
analyser. Air sampling was also performed with a centrifugal air
sampler (Biotest Folex).

Staff were screened for carriage of the organism. Nose swabs and
forestream specimens of urine were examined and hand swabs
obtained by vigorously rubbing saline moistened swabs over the hands,
between fingers, and under the nails. On a second occasion, shortly
before the unit was reopened, handwashings were obtained from all
staff by agitation of each hand in turn in a sterile plastic bag con-
taining about 30 ml 2o5% heart infusion broth (Becton Dickinson),
the contents of which were then transferred to a sterile screwcapped
container.

LABORATORY METHODS

Nasal, umbilical, and perineal swabs and urine specimens were
plated on to (a) 50" horse blood agar with a 30 jsg netilmicin disc
to detect netilmicin resistant bacteria, and (b) a medium selective for
serratia containing deoxyribonucleic acid, toluidine blue, and cepha-
zolin9 to detect netilmicin sensitive as well as resistant serratia
strains. Rectal swabs, environmental swabs, and hand swabs from
staff were pre-enriched overnight in 2-5 ml 2-5% heart infusion
broth and then subcultured on to the above media; handwashings
from staff were also subcultured after overnight incubation and again
at five days. All oxidase negative, Gram negative bacilli were checked
for antibiotic sensitivity pattern and production of deoxyribonuclease
and finally identified with the API 20E system.

Bacteriophage types and 0 serotypes were determined by the
methods of Pitt et al.'0

Antibiotic sensitivities were initially determined by a controlled disc

method" on Sensitest agar (Oxoid) with 5% lysed horse blood,
Escherichia coli NCTC 10418 being used as control. Minimum
inhibitory concentrations of 10 antibiotics (see table II) were deter-
mined by doubling dilution in diagnostic sensitivity test agar (Oxoid)
at pH 7-3. Isolates of S marcescens were grown overnight in brain-
heart infusion broth (Difco) and broth cultures diluted to give a
final inoculum on the plates of 104 colony forming units. A multipoint
inoculator (Denley) was used, delivering 1 pil per inoculum, 25 to a
plate. Plates were read after overnight incubation and the minimum
inhibitory concentration taken as the lowest concentration of an
antibiotic giving much reduced or no growth.

Aminoglycoside modifying enzymes were identified by determina-
tion of their substrate profile using the radioincorporation method
described by Drasar."2

TABLE ii-Minimum inhibitory concentrations (mg/l) (n=228)

Mode (range) Mode (range)

Tobramycin 64 (32- > 128) Cefotaxime 0-5 (0-12- > 32 0)
Gentamicin 1 (0-5-8 0) Latamoxef 0-25 (0-12-32 0)
Netilmicin 64 (64-512) Ceftazidime 0-12 (0-12-16-0)
Amikacin 16 (8-128) Piperacillin 2 (1-128)
Cefuroxime 64 (16- > 256) Azlocillin 16 (8-128)

Results

The figure gives the results of the colonisation studies in 12 of the
13 babies from whom S marcescens was isolated; in case 1 1 no colonisa-
tion studies were performed before death. Ten babies in the unit
became colonised with the strain and two rectal isolations were made
from babies in the temporary special care baby unit even after strict
barrier nursing had been introduced. These babies were transferred
to the closed unit but serratia was not isolated from them again.
There was no spread within the unit to the "non-infected" area, and
serratia was isolated neither from babies in other postnatal wards nor
from new patients admitted to the unit after reopening. Rectal
colonisation was the most frequent and persistent finding in all
babies investigated, with urinary and perineal isolation next in
frequency. Suprapubic aspirates were sterile in all but one case,
indicating that urinary isolations often resulted from perineal con-
tamination. Over 90% of rectal isolations were made from direct
culture but pre-enrichment proved valuable for specimens from
case 9, in which colonisation was detected only intermittently. In
cases 4 and 5 carriage from all sites disappeared after treatment with
cefotaxime and gentamicin, but subsequently recurred perineally
before rectal carriage was re-established. Of those babies from
whom faecal specimens were obtained after discharge, most continued
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Temporal relation of colonisation at various sites with netilmicin resistant S marcescens. In case 11 colonisation studies were not
performed before death.

to be colonised for several weeks, and a positive isolate was obtained
from one baby (case 3) 21 weeks after the first isolation and 12 weeks
after discharge.

Netilmicin resistant S marcescens was isolated from the hands of
two members of staff. Hand swabs from a clinician taken after
inadequate handwashing following examination of a colonised baby
yielded the epidemic strain, as did handwashings from a nurse taken
before handwashing after handling a colonised baby. Subsequent
hand swabs, taken on one occasion from these subjects, were
negative.

0 Serotyping and bacteriophage typing were performed on 194
isolates from clinical and screening specimens. All were serotype 0:14
and most were indistinguishable by phage typing, although minor
differences in phage pattern were observed with the isolates from
case 7.
A strain of S marcescens was isolated from the sample introduction

port and waste bottle of the blood gas analyser. This strain, however,

differed from the epidemic strain by typing and was sensitive to
netilmicin, tobramycin, amikacin, and gentamicin.

Disc sensitivity testing of20 representative isolates showed resistance
to ampicillin, cephradine, cefuroxime, amoxycillin/clavulanate, and
nitrofurantoin. Trimethoprim and sulphonamide results varied from
moderately sensitive to sensitive, and isolates were sensitive to
chloramphenicol and nalidixic acid. Table II gives the results of
quantitative sensitivity testing on 228 clinical and screening isolates.
Mode minimum inhibitory concentrations indicate sensitivity to
gentamicin, cefotaxime, latamoxef, ceftazidime, piperacillin, and
azlocillin; moderate resistance to amikacin; and resistance to netil-
micin, tobramycin, and cefuroxime. There was a wide range of
minimum inhibitory concentrations for all antibiotics tested.

After the administration of gentamicin in case 1 an isolate of S
marcescens with increased resistance to all aminoglycosides and
13-lactam agents was recovered from an endotracheal aspirate (table
III). Isolates from three other babies who had received gentamicin

Case No

Rectal colonisation.................a
Nasal colonisation............... ME
Urinary /perineal colonisation -E
Umbilical colonisation...........-

Negative.LII
Point of adrrission.................A
Transfer to another ward.........T
Death of patient.t
Discharge ...............D
Readmission ....,R

I~ ~~ ~ ~ ~ I I
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and cefotaxime similarly exhibited increased resistance to amino-
glycosides together with more pronounced resistance to 5-lactams,
especially cefotaxime-for example, case 8 (table III). Once estab-
lished, these more resistant serratia were intermittently isolated.

TABLE III-Increasing resistance of serratia isolates after administration of
gentamicin and gentamicin and cefotaxime. Figures are minimum inhibitory
concentrations (mg/l)

Case 1 Case 8

Before After
Before After gentamicin gentamicin

gentamicin gentamicin + cefotaxime + cefotaxime

Netilmicin 64 512 64 512
Gentamicin 1 4 1 4
Tobramycin 32 > 128 64 1>28
Amikacin 16 64 16 64
Cefotaxime 0 5 2 0 5 32
Ceftazidime 0 12 1 0-12 2
Latamoxef 0 25 4 0-25 16
Cefuroxime 64 > 256 64 256
Piperacillin 2 8 2 32
Azlocillin 16 64 16 128

Substrate profile studies showed that isolates produced the acetyl-
transferase AAC(6'); this was confirmed by identification of reaction
products by high pressure liquid chromatography (A M Lovering,
personal communication).

Discussion

The pathogenic potential of S marcescens in nurseries of new-
born infants was recognised as early as 1966. Two outbreaks
were described affecting a total of 21 babies, six of whom-all
premature- died of septicaemia.1 5 The outbreak described here
affected 13 babies, resulting in four cases of bacteraemia and
two deaths. The second death (case 11) was unexpected because
the infant, although moderately premature, was recovering well
from mild respiratory distress syndrome yet died within
24 hours of a fulminant infection. The overall outcome might
have been considerably worse had not the unit been closed at
an early stage. Until then containment had proved difficult,
and in fact spread to the temporary unit did occur even after
closure.

Contaminated hands of personnel have been suggested as
playing an important part in transmission of serratia in new-
born infants,2 and adults,13 and isolation of the epidemic strain
from hands of two members of staff suggests such a possibility
in this outbreak. Spread to the temporary special care baby
unit may have occurred via the hands of the few members of
staff who moved between the units.
Although an environmental source such as scalp vein needles2

and saline in plastic bottles used for umbilical irrigation,5 has
been found in some outbreaks, in others' 14 and the present
episode no such source was found. In this epidemic there was
a distinct lack of environmental contamination, and probably
the most important reservoir within the unit was infected and
colonised infants.
While in adults gastrointestinal carriage of S marcescens is

unusual,7 1516 in epidemics, especially in neonates, faeces have
been implicated as an important reservoir for infections.2 4 17 In
this outbreak rectal colonisation was the most consistent finding,
followed by isolation from urine and perineal swabs. Supra-
pubic aspirates performed on babies from whose urine serratia
had been isolated showed that (except in one case) serratia was
not in the bladder, and thus perineal or faecal contamination
or both can be assumed.

Outbreaks of S marcescens infection in south west England
have been described,7 but the current strain was epidemio-
logically distinct from previous isolates in Bristol. It was
sensitive to gentamicin and resistant to netilmicin, the resistance
mechanism being the production of AAC(6') enzyme. Sensi-
tivity to gentamicin was retained because gentamicin C1,

having a secondary amino group at the 6' position, is not
susceptible to acetylation by AAC(6').'8 The production of
AAC(6') by this strain has two important therapeutic implica-
tions. Firstly, since its introduction in Britain netilmicin has
been marketed with emphasis on use in the newborn because
of evidence for low toxicity.19 The possibility exists, however,
that after extensive use of netilmicin in the unit selective
pressure was exerted for this bacterial strain producing AAC(6').
Eight of the 13 colonised or infected babies had previously
received netilmicin and the index patient (case 1) had received
four separate courses before the first isolation of S marcescens.
Although good in vitro activity of netilmicin against S mar-
cescens has been described,20 21 it has been suggested that many
serratia have low level 6'-acetylating activity, which may not
be apparent on routine antimicrobial sensitivity testing.18 The
other important point concerning AAC(6') is its conferment of
resistance to amikacin, since this remains a most important
reserve antibiotic for treatment of multiresistant bacterial in-
fections. There is evidence that the AAC(6') gene in S marcescens
is non-transferable and chromosomally located,22 and we are
currently investigating this. Increasing resistance to amikacin
developing during treatment of serratia infections has been
described,7 23 and this is possibly due to induction of a chromo-
somal enzyme. Consistent with this is our finding of increased
resistance to gentamicin, netilmicin, tobramycin, and amikacin
after treatment with gentamicin. Similarly, induction of class 1
chromosomal 3-lactamase might account for the emergence of
increased resistance to cefotaxime, latamoxef, and ceftazidime.24
Latamoxef resistance developing during treatment of S mar-
cescens infections in patients with neoplastic disease has been
documented.25 This illustrates the difficult therapeutic problem
posed by S marcescens.

We are grateful to Dr A Turner (microbiology department,
Bristol Royal Infirmary), Mr M J Bywater, Mr H A Holt, and Mr
A M Lovering (microbiology department, Southmead Hospital,
Bristol) for invaluable technical work, and to Miss M Colbeck and
all the nursing staff of the special care baby unit at Bristol Maternity
Hospital for excellent support.
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The State of the Prisons

Crisis upon crisis
RICHARD SMITH

Crisis is a bankrupt word. We are surrounded by people
shouting crisis, and we have become inured to the notion.
Doctors work in a National Health Service that is said to be in
crisis because of an economic crisis, and often they simply
ignore the rhetoric and get on with their daily jobs. But in one
part of British society, prisons, the word crisis, meaning a state
in which a decisive change one way or the other is pending,
may be used without hesitation or embarassment: our prisons
will either have to be reformed or explode. Mr Leon Brittan's
promise last week to provide 10 600 new prison places by 1991
should help, but many will doubt that simply providing new
places is enough.
The prison medical services are struggling hard at the moment

to maintain a decent medical service within the crisis ridden
prisons. But can you ever, as Lady Megan Bull, a former prison
doctor and governer of Holloway, said to me, hope to practise
good medicine in grossly overcrowded and run down prisons like
Brixton, Wandsworth, or Strangeways ? Quite possibly you
cannot, and certainly the problems of the prison doctors are
closely linked with the problems of the whole system. That is
why, although this series is primarily concerned with prison
health care, I am devoting one article to considering some of the
broader problems.

Overcrowding

In the long term loss of direction and purpose might be the
prison department's most important problem (26 November,
p 1614), but overcrowding is the most acute problem. In England
and Wales about 44 000 prisoners are currently locked up in
accommodation intended for 38 500, and the Home Office
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estimates that the figures will rise to above 48 000 before the
end of the decade. Today the problem is so bad that some 500
remand prisoners are held in police cells because there is no
room in the prisons. Conditions may be bad in local prisons,
but they are worse in police cells, which are designed to keep
prisoners only overnight, and the Home Secretary has promised
that these men will be out of the police cells before Christmas.
In Scotland and Northern Ireland overcrowding is not nearly
such a pressing problem. Indeed, in Northern Ireland terrorist
activity has declined, and the new prison that is being built in
Maghaberry may prove superfluous if it continues to decline.
The problem of overcrowding has been called "serious"

since 1946, when the prison population was 15 800.1 By 1947
it was 17 100, and it has risen steadily ever since, apart from a
minor hiccup when the prison officers took industrial action.
The 1970s saw a wave of disorder and rioting in prisons, and
prison governers wrote in a letter to the then Home Secretary,
Merlyn Rees: "If the present trend continues there will be a
serious loss of control" and "a probability of both staff and
prisoners being killed."' Despite the May inquiry into the
prisons,2 the trend has continued, and the last Home Secretary,
William Whitelaw, described prison conditions as "an affront
to a civilised society and a continued threat to law and order."3

CAUSES OF OVERCROWDING

Overcrowding has arisen obviously because of a mismatch
between the number of prisoners and the capacity of the prisons.
The number of prisoners might be assumed to have risen
simply because the amount of crime has increased. But such an
assumption cannot be made: nothing is simple in criminology,
and the complexity of the links between the numbers of crimes
committed, reported, recorded, and solved, and then the
numbers of convictions, and the lengths of sentences makes the
complexity of the problem of trying to unravel the factors that
contribute to coronary artery disease look simple. As the Home
Office Research and Planning Unit report The British Crime
Survey puts it: "Variations over time or place in recorded


