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Development of cutaneous microflora in
premature neonates

N Keyworth, M R Millar, K T Holland

Abstract
Coagulase-negative staphylococci (C-NS)
are a frequent cause of bacteraemia in
premature neonates. It is likely that the
strains of C-NS causing bacterial sepsis
in premature neonates have their origin
on the patient's skin surface. We have
studied the quantitative development of
the skin microflora at eight sites on pre-
mature neonates.
A swab wash method was used to sam-

ple and enumerate the cutaneous micro-
flora of premature neonates admitted to
an intensive care unit with respiratory
distress syndrome. The numbers of bac-
teria present on the skin increased rapid-
ly by 100-fold in the first week of life. The
species of C-NS found on neonatal skin
were similar to those found on adult skin.
However, the bacterial population was 103
lower by comparison. There was consid-
erable variation in numbers of bacteria
and in the proportion resistant to anti-
biotics from day to day. There appeared
to be no association between antibiotic
usage and the proportion of isolates
resistant to antibiotics, although the resi-
dent bacteria were in many cases
resistant to a variety of antibiotics. C-NS
were isolated from 92% of samples from
which bacteria were isolated. Staphy-
lococcus epidermidis was found at all
sites and accounted for 82% of each
colonial type of staphylococcus isolated.
Other organisms isolated included Pro-
pionibacterium sp, a-haemolytic strepto-
cocci, aerobic spore-bearing bacilli, aero-
bic coryneforms, Candida albicans,
KlebsieUa oxytoca, Pityrosporum sp, Kieb-
siella pneumoniae, and Escherichia coli.
The results of this study suggest that

the skin of premature neonates is
colonised with antibiotic resistant C-NS
during the first week of life and that the
chance of contamination of an intravas-
cular catheter at insertion increases dur-
ing this period.

Coagulase-negative staphylococci (C-NS) are
frequent isolates from blood cultures of pre-
mature neonates.' 2 Episodes of bacteraemia
with C-NS are usually associated with intra-
vascular catheters3 and diagnosed after the
first week of postnatal life.2 Intravascular
catheters predispose to bacteraemia with
C-NS both by providing a break in the cuta-
neous barrier and by acting as a foreign body,

reducing local resistance to infection.
Quantitative blood culture techniques have
shown that numbers of C-NS present in blood
of premature neonates with bacteraemia may
exceed 1000 colony forming units (cfu)/ml.45
Defective opsonisation and phagocytosis may
allow these large numbers of C-NS to circu-
late in the blood.6
The strains of C-NS most frequently associ-

ated with neonatal infection are often resistant
to a wide range of antimicrobials.7 Antibiotic
resistant C-NS spread from patient to patient
via the hands of nursing and medical staff,
leading to colonisation of the skin of prema-
ture neonates in intensive care units within
the first week of life. The numbers of bacteria
on the skin surface will determine the proba-
bility and degree of contamination of the
catheter at the time of insertion. Local im-
mune defences are more likely to be overcome
when large numbers of bacteria are present on
the skin at the catheter insertion site.

Qualitative studies suggest that the skin of
premature neonates becomes colonised with
C-NS within the first few days of life.8
However, the quantitative development of the
cutaneous microflora has not been studied.
This is due in part to unsuitability of methods
of skin sampling which have been developed
primarily for use on adults and may damage
the skin of neonates. In this study we have
used a non-traumatic swab wash method9 to
study the quantitative and qualitative changes
in the bacterial flora and in the level and pat-
tem of antibiotic resistance of these bacteria.
This method of sampling gives comparable
results in full term neonates and adults to
those obtained with the scrub wash method of
Williamson and Kligman.'I

Patients and methods
SAMPLING OF CUTANEOUS MICROFLORA
Nine premature neonates admitted to the
Peter Congdon Regional Neonatal Unit, The
General Infirmary, Leeds, between 25 January
and 21 April 1990 with respiratory distress
syndrome were sampled. The gestational age
range was 25-32 weeks with birth weight
ranging from 680 to 1920 g. Neonates were
selected on the basis of prematurity only (<33
weeks' gestation). The following sites were
sampled using a swab wash method9: fore-
head, chest, periumbilical region, back, upper
and lower arm, and upper and lower leg.
Neonates were sampled within six hours of
birth, on days 3, 5, 7, and weekly thereafter.
Local ethical committee approval was
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obtained for this study. Informed consent was
obtained from the parents of each infant
sampled.

QUANTITATION OF MICRO-ORGANISMS IN WASH
FLUIDS
Samples were serially diluted 10-fold in half
strength wash fluid. Each dilution was vigor-
ously mixed, and 100 p1 volumes of diluted
and undiluted wash fluid were spread over the
surface of the following selective and non-
selective media: heated 5% (v/v) horse blood
agar (CM 55: Oxoid) incubated at 37°C in air
for four days; Sabouraud dextrose agar
(Oxoid CM 41) with chloramphenicol (50 mg
1) incubated at 37°C in air for seven days; 5%
(v/v) horse blood agar with neomycin (final
concentration 28 mg/l) incubated at 27°C
anaerobically for seven days; aerobic coryne-
form agar with and without furazolidone (6
mg/I) incubated at 37°C aerobically for two
days"; reinforced clostridial agar with and
without furazolidone incubated at 37°C for
seven days anaerobically"; and pityrosporum
agar'2 incubated at 34°C aerobically in a
moist chamber for 14 days. After incubation,
colonies were enumerated with a colony
counter (Gallenkamp CNW32501OX) to give
a total viable count expressed as cfulcm2 and
then logarithmically transformed.

IDENTIFICATION OF ORGANISMS
Preliminary identification of staphylococcal
species was based on colonial morphology,
positive catalase test, slide coagulase test, and
plate DNAse test.'3 One colony of each colo-
nial type was identified as to species by the
scheme of Kloos and Schleifer.14 Catalase
negative Gram positive cocci were identified
on the basis of haemolysis and growth at
45°C. Aerobic coryneform bacteria were infre-
quently isolated and were not differentiated
further. Gram negative rods were identified
using the API 20E enterobacteriaceae bio-
chemical typing system. Yeasts growing on
pityrosporum agar were confirmed as
Malassezia furfur species by colonial appear-
ance and microscopic morphology. Yeasts iso-
lated on Sabouraud dextrose agar were tested
for the ability to form germ tubes (isolates
were examined microscopically for germ tube
formation after incubation for two hours in
horse serum). Germ tube positive isolates
were identified as Candida albicans, whereas
germ tube negative isolates were grouped as
Candida sp. Propionibacteria were identified
on the basis of colony and Gram stain mor-
phology and classified as to species as
described by Holland.'5

PROPORTION OF CUTANEOUS FLORA RESISTANT
TO ANTIBIOTICS
In order to determine directly the sensitivity
of bacterial skin isolates to six antimicrobial
agents, antibiotics were incorporated at the
following concentrations into Isosensitest
(Oxoid) agar plates:vancomycin 4.0 mg/I, gen-
tamicin 0 5 mg/I, erythromycin 2-0 mg/I,
methicillin 2-0 mg/I, penicillin 1-0 mg/I, and
chloramphenicol 32-0 mg/I.

Then 100 p1 of swab wash fluid was plated
onto each media. The numbers of colonies
growing on each of the antibiotic-containing
plates, with reference to colony counts on
media containing no antibiotics, was used to
calculate the percentage of the bacterial popu-
lation that was sensitive to each antibiotic.

DETECTION OF ANTIMICROBIAL SUBSTANCES IN
SAMPLE FLUIDS
The presence of antimicrobial substances in
skin wash fluid samples was detected by pipet-
ting 100 p1 of the sample into wells previously
cut in Isosensitest agar plates that had been
surface seeded with Oxford staphylococcus
(NCTC 6571). Detection of gentamicin in
wash fluid samples was by colorimetric assay
using a TDX antimicrobial assay machine
(Abbott).

HAND IMPRESSION PLATES
At each sampling a horse blood agar (Oxoid)
hand impression plate was taken of the atten-
dant nurses' finger pads and nail margins.

Results
The swab wash method allowed repeated
sampling without trauma to fragile neonatal
skin. However, daily sampling was not per-
formed in case this disrupted normal skin
flora development. No adverse effects on
neonatal skin were noticed during the study
period.

Acquisition of skin flora followed the same
pattern in the four neonates born vaginally
after normal labour and in the five neonates
born by caesarean section. A surprising obser-
vation was the lack of vaginal flora and entero-
bacteriaceae in early swab wash samples from
infants born vaginally.

Bacteria were detectable on the skin surface
within six hours of birth. The most common
bacterial isolates during the study were C-NS.
C-NS were isolated from 92% of samples
containing bacteria. Organisms other than C-
NS were infrequently isolated from single
sites. These organisms were probably not part
of the developing microflora and at no time
did they replace staphylococci as predominant
flora. Other organisms isolated from swab
wash samples were: Propionibacterium sp, a-
haemolytic streptococci, aerobic spore bearing
bacilli, aerobic coryneforms, C albicans,
Klebsiella oxytoca, Pityrosponum sp, Kiebsiella
pneumoniae, and Escherichia coli.
Numbers of staphylococci present at the

skin sites sampled rose rapidly during the first
7 days of postnatal life (fig 1). Acquisition of
cutaneous C-NS in neonates of <28 weeks'
and >28 weeks' gestational age followed a
similar pattern.
During the study 2548 staphylococcal iso-

lates were selected by colonial morphology for
species identification. Staphylococcus epider-
midis was found at all sites and accounted for
82% of the total colonial types of staphylococci.
Other species of staphylococcus isolated were:
S warnerii 4-2%, S haemolyticus 1 401%, S
aureus 2-4%, S saprophyticus 1-6%, S hominis 1
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Figure I Quantitative changes in cutaneous microflora
with postnatal age. Measurements are logarithmically
transformed and taken at eight sites in nine neonates.
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Figure 2 Changes in percentage of cutaneous staphylococci resistant to antibiotics with
postnatal age. Measurements taken in aU neonates at all sites.
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0-8%, S hominis 2 0 7%, S haemolyticus 2
0-6%, S xylosis 1 0 5%, S capitis 0 4%, S
cohnii 0/3%, S xylosis 2 0-2%, and S simulans
003% and micrococcus 2-0%. This rapid
development of cutaneous microflora was
unstable, with considerable day to day varia-
tion in numbers (0-lx103 cfu/cm2) and in
species present. A similar pattern of variation
was seen in all neonates at all sites.
The proportion of C-NS resistant to antibi-

otics, determined by comparison of bacterial
counts of swab wash samples on media with
and without added antibiotics, revealed simi-
lar day to day variation (fig 2). Antibiotic
resistant C-NS were present in all neonates by
the end of the first week of life. Resistance to
antibiotics used on the unit was an expected
finding. However, resistance to antibiotics not
commonly used, such as chloramphenicol,
was also observed. The development with
time of the percentage of cutaneous staphylo-
cocci from the forearm that were resistant to
antibiotics is shown in fig 3. The forearm was
chosen as an example as it is here that periph-
eral intravenous catheters are often sited.
The high proportion of isolates resistant to

gentamicin was a common finding in all
neonates at all sites. Quantitative changes in
cutaneous staphylococci and percentage resis-
tance to antibiotics with postnatal age is
shown in one premature neonate in fig 4.
Antibiotic resistance of the skin microflora did
not appear to be temporally related to the use
of antibiotics. Generally there was a wide vari-
ation in numbers and types of organisms with
no correlation of species with site.

Antimicrobial activity on neonatal skin was
demonstrated in 14 1% of 320 unselected
swab wash samples. The finding of gentam-
icin in one swab wash fluid was probably due
to gentamicin excreted in urine which con-
taminated the skin. A swab wash fluid exhibit-
ing antimicrobial activity which was neu-
tralised with the addition of ,-lactamase
solution was also noted. The finding of
antimicrobial activity was not related to site of
sampling.
The hand impression plates obtained from

attending staff usually yielded C-NS, which
were identified by the methods mentioned
earlier. On one occasion S xylosis 1, an
uncommon isolate, was detected on both
neonatal skin and attendant's hand plate, sug-
gesting transfer of organisms between the two.
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Figure 3 Changes i;
postnatal age. Measure

Discussion
C-NS are the most frequent blood culture iso-
lates from premature neonates in many inten-
sive care units. Episodes of bacteraemia with
C-NS are usually associated with intravascular
catheters and it is likely that these devices pro-
vide the focus of infection from which bacter-
aemia develops.3 An association between
microbial numbers on the skin and the devel-
opment of cannula related infection has been

3 5 7 14 21 28 35 postulated.16 S epidermidis is the species most
Postnatal age (days) often associated with neonatal infections and

n percentage of cutaneous staphylococci resistant to antibiotics with in this study accounted for 82% of the total
ements taken on the forearm in all neonates showing SD on day 3. colonial types isolated. Blood culture isolates

799

1



Keyworth, Millar, Holland

3 Penicillin
IlD Methicillin
G Gentamicin

E Chloramphenicol
Erythromycin

c

n

0-)

AA+G+Mz

Postnatal age (days)

Figure 4 Quantitative changes in cutaneous staphylococci and percentage resistant
antibiotics with postnatal age. Resistance is shown in relation to treatment: ampicillin
and gentamicin (G) given to day 6, the vancomycin (V) and ampiciUin, followed by
ampicillin, gentamicin, and metronidazole (Mz).

of C-NS are usually resistant to a wide r;
of antibiotics.7 In this study antibiotic r

tant C-NS were isolated from the skin of
mature neonates within days of admissio
the neonatal intensive care unit.8 This fin
is possibly due to handling. C-NS were

most common isolates from neonatal ski
this study and S epidermidis the most freq
species.

Previous studies of bacterial colonisatic
neonates have concentrated on sampling
anterior nares, axilla, and umbilicus of ma
neonates and have not quantified bact
numbers.8 In this study the cutaneous mi
flora at eight sites were quantified, inclu
sites used for intravascular catheter inser
A number of factors might be expecte
influence the numbers of C-NS on the ski
neonates, including nutrient availability,
longed occlusion, environmental hum
and temperature, type of incubator, expo
to ultraviolet light (phototherapy) and;
biotics, topical disinfectants, pH and ri

potential at colonised sites, and nut

practices. 17
The flora of normal human skin in I

children and adults does not vary widely i

day to day and, with the exception of cha
occurring at puberty, is extremely stable.
would indicate that the skin environmei
also stable. In contrast, the variation and
relatively low numbers of skin microflor
this study (counts on adult skin may
104-105 higher'8) indicate that the skin of
mature neonates is not supportive of a st
microbial ecosystem.
The skin environment of prema

neonates appears only able to sustain
numbers of staphylococci and does not
the morphological or nutritional value to
port other micro-organisms. Also, by con

with findings in adults, there was no co

tent pattern of site to site variation in bact

numbers and there was no association of
species of C-NS with specific sites.'9
There was considerable variation in the

3 antibiotic sensitivity pattern and biotype of
isolates of C-NS obtained from the same
neonate from one sampling to another, sug-
gesting that the cutaneous microflora of pre-
mature neonates in the first month of life

2 changes rapidly. It is likely that the microflora
O of premature neonates' skin is maintained in
m an erratic fashion by repeated inoculation due
- to the continual handling by attendant staff,
Ei and consists of a multiple transient flora

which is reinoculated each time the neonate is
handled. This hypothesis is supported by the
findings of relatively few organisms, occasions
when no organisms were detected at a site
where organisms were previously isolated, and
fluctuation in antibiotic resistance patterns

0 not related to antibiotic use.
Possible factors preventing the stability of

skin micro-organisms include the structure of
the skin in the first weeks of life,20 the pres-

to ence of soluble factors on the skin inhibiting
(A) the growth of micro-organisms, or desicca-

tion. Further work may help to determine
when a stable microflora is established.

range Antibiotic resistant strains of C-NS are more
resis- likely to be isolated from the skin of hospital
pre- patients than from people in the community.2'
n to Antibiotic resistant staphylococci isolated in
ding this study may have been derived from (a) the
E the hands of hospital staff, (b) from the bowel
in in flora and inoculated onto the skin from faecal
uent contamination, or (c) a combination of both.

Handling by medical and nursing staff will
Dn of spread bacteria from site to site. It was not
g the possible to correlate organisms found on the
ature neonates' skin and hand carriage by attendant
terial staff. Skin maturity did not appear to be a fac-
icro- tor in acquisition of skin microflora, as devel-
ding opment of the cutaneous microflora was simi-
rtion. lar in neonates of less than 29 weeks'
d to gestational age to those of 29 or more weeks'
in of gestational age. Enterobacteriaceae and yeasts
pro- were isolated infrequently, not related to any
idity clinical signs and probably reflected intermit-
sure tent hand carriage by attendant staff.
anti- A high proportion of isolates of C-NS in
edox this study were resistant to antibiotics includ-
rsing ing antibiotics not commonly used (such as

chloramphenicol). This may be due to linkage
both of genes coding for resistance to antimicro-
from bials on the same plasmid. In this study there
nges seemed to be no association between the
This resistance patterns seen and the degree of
nt is resistance in the population to the antibiotics
d the in use. Gentamicin was detected in some of
ra in the swab wash samplings, perhaps as a result
y be of contamination of the skin with urine
f pre- containing high concentrations of excreted
;table gentamicin.

Bacteraemia with C-NS is uncommon in
ature the first week of life.2 We have found that the
low numbers of C-NS present on the surface of
have the skin increase during the first week of life.
sup- High concentrations of C-NS present on the
trast skin surface at the time of catheter insertion
nsis- will increase the chance of catheter tip
terial contamination and the subsequent probability
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of bacterial invasion between the catheter and
the thin skin of premature neonates.
These findings highlight the need for good

skin preparation with an efficient skin disin-
fectant before inserting intravenous catheters
and, as repopulation of the skin at the entry
site occurs within 18 hours,22 for site care
after insertion. Good handwashing technique
and minimal handling will help reduce the
hand carriage and transfer of micro-
organisms.
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