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Skin disinfection in preterm infants
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Abstract
Greater care and a more thorough
approach to intravenous catheter site
disinfection may be important for the
prevention of catheter related sepsis,
especially with coagulase negative staphy-
locci in preterm infants. The efficacy of
skin disinfection was evaluated in preterm
infants using a skin swabbing technique
after disinfectant exposure. In the first
part of the study, 25 peripheral intra-
vascular catheter sites were quantitatively
sampled immediately after routine can-
nula insertion. Bacterial counts greater
than 100 colony forming units/cm2 were
observed from 10 (40%) sites. In the
second part, sampling for bacterial colony
counts was done after skin cleansing with
various durations ofexposure ofchlorhex-
idine/alcohol swabs or povidone iodine.
The overall mean reduction in bacterial
colony counts after skin cleansing ranged
from 90-99%. Skin sterilisation was
achieved in 33-92% of cases. The use of
two consecutive 10 second exposures
resulted in a significantly improved
reduction in colony counts compared with
a single 10 second wipe. A longer 30
second exposure also resulted in a greater
reduction ofbacterial numbers compared
with a shorter duration of 5 or 10 seconds.
Repopulation of disinfected sites occurred
within 48 hours. This effect was delayed by
occluding the cleansed site with a semi-
permeable dressing. There were no
significant differences between povidone
iodine and the chlorhexidine swabs in
reducing bacterial numbers. This study
has demonstrated that a brief exposure
with a premoistened disinfectant swab is
not sufficient for complete elimination
of resident skin flora of newborn infants.
The use of two consecutive cleanings, or
a longer duration of cleansing is recom-
mended for more effective skin sterilisa-
tion.
(Arch Dis Child 1993; 69: 312-316)
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Despite improvements in many aspects of
neonatal intensive care, systemic infection
remains a major problem among preterm
infants. The most common infective agents
causing septicaemia after 48 hours of age are

the coagulase-negative staphylococci (CNS).
In published reviews, CNS infection accounts
for a proportion varying between 10 and 90/o
of all neonatal septicaemias.l1 Among 800
consecutive medical and surgical admissions to
our intensive care nursery, between January
1990 and December 1991, 70 infants (9%)
had one or more blood cultures positive for

CNS. Of children born before 30 weeks' gesta-
tion, 70% had at least one blood culture from
which CNS were isolated. There is no evi-
dence to suggest that, in this vulnerable patient
group, such findings can be ignored but careful
interpretation is needed.
CNS are ubiquitous skin commensals,

colonisation of neonatal skin occurring rapidly
after birth. During the first week there is a 100-
fold increase in the number of skin bacteria per
unit area,5 which are transferred from the
hands of the carers and from the immediate
environment. Most studies in adult and paedi-
atric intensive care patients implicate intra-
vascular catheter placement and secondary
invasion, initially around the catheter as the
source of bacteraemia.3 4 6
Few formal protocols exist for aseptic skin

preparation in the infant. Swabs premoistened
in alcohol containing chlorhexidine are
commonly used for skin disinfection before
venepuncture or intravascular catheter place-
ment. In the busy neonatal intensive care
situation, where multiple sites of puncture may
be required, skin disinfection comprises,
in most cases, a brief wipe with these
swabs. Recommendations for the duration of
exposure and the optimal method of cleansing
are not described in most neonatal texts. In
preliminary observations, we observed high
CNS colony counts on the skin around
intravenous sites despite prior cleansing. We
therefore studied the efficacy of commonly
used methods of skin disinfection in reducing
bacterial colony counts in preterm children.
The study was divided into two parts, an initial
sampling of catheter sites after catheter
insertion, followed by an evaluation of dis-
infection methods.

Population and methods
SAMPLING OF CATHETER INSERTION SITES
Study population
Infants of less than 32 weeks' gestation requir-
ing intravenous catheter insertion between 48
hours and 2 weeks of age were recruited in the
initial part of the study. Twenty five catheter
insertion sites were studied in 11 infants.

Sampling method
After routine peripheral intravenous catheter
insertion, taking no special precautions, and
before taping the cannula into place, a 3 cm2
area of skin proximal to the insertion site was
quantitatively sampled. The area was defined
using a flexible polythene template, cut to sit
immediately adjacent to the skin puncture site.
No attempt had been made to influence the
catheter insertion technique and all sites were
disinfected with chlorhexidine/alcohol swabs,
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the period of exposure being less than 5
seconds in most cases. Twenty five catheter
sites were sampled.

Skin bacteria were sampled using a non-
traumatic swabbing technique.7 This enabled
quantitive cutaneous microflora assessment to
be performed with minimal disturbance to the
child in the clinical setting. The defined areas
of skin were rubbed for 20 seconds with a
sterile swab that had been immersed in 1 ml of
sterile wash fluid (phosphate buffer 0-075
mol/; pH 7 9 containing 0d1% v/v Triton X-
100; and the neutralisers of chlorhexidine (2%
Tween 80 and 0 3% lecithin). The tips of the
swabs were then broken off into the remaining
wash fluid, which was then agitated for 20 sec-
onds. A 0 1 ml aliquot of this solution was then
spread onto blood agar plates containing 5%/o
horse blood. Colony forming units (cfu) were
enumerated after incubation of agar plates at
37°C for 24 hours.

DISINFECTION STUDY
A rectangular flexible polythene template, in
which nine 3 cm2 holes had been cut, was
applied to the back of each infant, allowing
assessment of adjacent areas for comparative
purposes. The nine sampling sites were
allocated by a 3X3 Latin square distribution
to control (no treatment), or to one of two
treatments (interventions) for each child.

Interventions
Two common techniques were evaluated:
premoistened Steret-H preinjection swab
(Setton Prebbles Ltd) containing 70% v/v

Table 1 Bacterial colony counts at catheter insertion sites

Bacterial cfulcm2 No (%) of catheter sites

0 0
<10 7 (28)
10-100 8 (32)
100-1000 5 (20)

>1000 5 (20)

Table 2 Bacterial counts after cleansing using different regimes

Mean %
No of Median (range) reduction Sterile
babies cucm2 in cf/cm2 sites (%)

Duration of cleansing
(A) chlorhexidine/alcohol 10 v 30 sec

Control 5
10 sec 5
30 sec 5

(B) chlorhexidine/alcohol 5 v 30 sec
Control 5
5 sec 5
30 sec 5

Double swabbing
Control 10
One swab 10
Two swabs 10

Chlorhexidine/alcohol v aqueous iodine
Control 5
Chlorhexidine/alcohol 10 sec 5
Iodine 10 sec 5

Duration of effect
Control 5
24 hours 5
48 hours 5

Effect of occlusion
Control 5
24 hours 5
48 hours 5

1580 (10-3300)
5 (0-1000)
3 (0-1000)

22 (0-581)
3 (0-23)
0 (0-3)

30 (0-3166)
2 (0-22)
0 (0-5)

60 (5-608)
0 (0-23)
0 (0-27)

477 (0-1826)
68 (3-520)
133 (0-783)

13 (3-3302)
5 (0-46)
4 (0-130)

*p=O-Ol.

isopropyl alcohol and 0.5% w/v chlorhexidine
acetate BP; and a cotton wool swab moistened
with aqueous 10% povidone iodine (Betadine;
Napp Laboratories Ltd). Five protocols were
used:

(1) Duration of exposure - The effect of
disinfection with a chlorhexidine/alcohol swab
for 5 or 10 seconds (five infants) and 5 or 30
seconds (five infants) were compared. After
exposure for the prescribed duration, the site
was allowed to dry for 30 seconds before
sampling. Samples were taken using the quan-
titive swabbing technique described above.

(2) Double swabbing - A single 10 second
clean with a chlorhexidine/alcohol swab was
compared with two 10 second wipes, separated
by a 10 second drying time. Again swab wash-
ing was performed after a final 30 seconds
drying time (10 infants).

(3) Chlorhexidine versus iodine - A 10 second
swab with a chlorhexidine/alcohol swab was
compared with a 10 second swab with aqueous
povidone iodine, both with 30 seconds drying
time (five infants). The wash fluid used
to sample sites treated with povidone iodine
contained 0 -5% sodium thiosulphate instead of
Tween 80 and lecithin.

(4) The duration of residual effect - After a 10
second exposure with a chlorhexidine/alcohol
swab, sampling from the first square was
performed at 24 hours and from the second at
48 hours (five infants).

(5) The effect of occlusion - The study sites
were prepared and sampled as for (4) above
but each site was occluded with Tegaderm
(3M Healthcare) after drying until sampling
(five infants).

STATISTICAL CONSIDERATIONS
The bacterial counts were expressed as mean
cful/cm2 for each infant studied. Percentage
reduction in cfu based upon controls
(untreated areas) were calculated. The
Friedman rank sum test was used to test for
differences between treatment and controls.
Treatments were compared using the
Wilcoxon signed rank test based on mean
bacterial cfulcm2/baby.
The study was approved by the local

hospital research ethics committee.

0/15 Results93 5/15 (33)
96 7/15 (47) Imrmediately after routine cannula insertion no

1/12 (8) puncture site was sterile. Seven (28%) had
96 5/12 (42) relatively few bacteria present, but 10 (40%)
997 11/12 (92) had high densities (>100 cfulcm2; table 1).

1/30 (3) These data represent the minimum bacterial
98 14/30 (47) counts left at intravenous sites as the site

was subsequently disturbed by taping in the
0/11 cannula.

96-8 6/11 (55)
98-3 9/11 (82) In the second part of the study, a total of 305

1/15 (6) swab washes were made on 35 preterm infants.
76-2 0/15 Of these, 29 swabs were unsuitable for analysis
53-9 1/15 (6) due to contamination. There was great

0/15 variability in the mean bacterial counts of
98 1/14 (7) control areas, most being in the region of72 3/8 (38) 100 cfu/cm2, but with some up to 10 times

higher (table 2).
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Bacterial isolation plates from an infant with high control
colony counts. For visual display purposes plates are
arranged in rows corresponding to their position in the
experimental 'Latin square' but column positions are
altered: left column =control (no cleansing), central
column=10 second cleanse, right column =30 second
cleanse.

Generally, the use of a single chlorhexi-
dine/alcohol swab reduced bacterial counts by
between 91 and 99%, depending upon the
duration of exposure. A long duration of
cleansing (30 seconds) was more effective than
5 or 10 second cleansing, producing
96-0-99-7% reductions in cfu, depending on

the control count. The figure shows the nine
bacterial plates from one infant with very high
control counts (>103 cful/cm2). The left
column comprises plates from the untreated
sites, the central column from sites after 10
seconds cleansing, and the right column after
30 seconds cleansing. Despite 30 seconds
cleansing, significant numbers of residual
bacteria are present.
The use of two consecutive 10 second

chlorhexidine/alcohol swabs resulted in a 99.6%
reduction in mean bacterial colony counts; a

significant improvement compared with use of a
single swab for 10 seconds (p=0.01).
There was no significant difference in effi-

cacy of reduction of bacterial counts between
povidone iodine and chlorhexidine/alcohol.

Table 2 shows the duration of residual effect
after cleansing with chlorhexidine/alcohol.
Twenty four hours after cleansing, although
there were significant reductions in bacterial
counts over the control numbers, no site
remains sterile and the median bacterial
density is 14% of the control bacterial density,
and by 48 hours this has doubled to 28% (table
2). The effect of covering the cleansed site with
a breathable occlusive dressing would appear
to delay this 'repopulation', although the
control areas tended to be less densely popu-
lated in these children. This effect appears to
persist up to 48 hours.

Discussion
Ideally, skin disinfection would achieve the
total elimination of vegetative bacteria from
the cleansed site. This study shows that by

using a premoistened chlorhexidine/alcohol
swab, between 91 and 99/5% of the skin flora
can be removed. Depending on the duration of
cleansing and the baseline bacterial density,
the goal of removal of all detectable bacteria
was achieved in between 33% and 92% of
cases. While this appears at first sight to be
extremely effective in reducing bacterial
numbers, the residual bacterial numbers may
be of significance, especially in the presence of
a foreign body and in the immunocompro-
mised premature infant. There is the potential
risk for direct inoculation of bacteria during
insertion of the cannula or for contamination
of venepuncture or cannula insertion sites if
large numbers of bacteria persist after skin
cleansing.

Skin disinfectants used in most neonatal
intensive care units are chlorhexidine, iso-
propyl alcohol, povidone iodine, or a combina-
tion of these agents. Chlorhexidine is highly
active against vegetative Gram positive organ-
isms, and has a relatively long duration of
antibacterial activity.8 9 Isopropyl alcohol has
the advantage of rapid onset of action,
although it may be absorbed through neonatal
skin. Iodine preparations are as effective as
chlorhexidine and demonstrate good sporicidal
activity. The efficacy and potency of these
agents depend on the manner in which they are
applied. One neonatal text recommends that
for aseptic skin preparation before minor pro-
cedures, such as venesection and intravascular
catheter insertion, the alcohol be applied twice
in circular motion, away from the procedure
site, with some friction, and that the site be
allowed to dry.'0 There are few particular
suggestions as to the duration of disinfectant
exposure in preterm infants. A recommenda-
tion for routine venepuncture suggests that
alcohol be applied for at least one minute with
friction in an adult setting." This may pose
practical problems, given the fragile nature of
the preterm infant's skin.

Commercially available alcohol, chlorhexi-
dine, or iodine pads are commonly used for
skin cleansing before venepuncture. In one
study, iodine pads produced a significantly
higher sterilisation rate (80%) compared with
alcohol pads (61%) on adult skin before vene-
section.12 Maki et al compared the use of all
three agents for skin preparation and to treat
cannula insertion sites every other day.
Chlorhexidine was associated with the lowest
incidence of catheter related infections and
bacteraemia.13 We found no difference
between the sterilisation rates or reduction of
colony counts between the alcohol based
chlorhexidine and aqueous povidone iodine.

In adult studies, the incidence of venous
catheter related blood borne infection varies
from 0-2 bacteraemias per 100 peripheral
catheters to 10 per 100 central catheters.14 15
Garland, in a review of 654 peripheral Teflon
catheters used during paediatric intensive care,
observed phlebitis in 13%, catheter colonisa-
tion in 12%, and sepsis directly attributable to
a catheter in only one patient.6 We suspect that
this risk is much higher in preterm infants, in
whom the incidence of CNS bacteraemia is
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particularly high. Risk factors described for the
development of CNS bacteraemia include pre-
maturity, presence of central or peripheral
intravascular catheters, and the use of
parenteral nutrition.3

Recent clinical evidence suggests that the
main source of micro-organisms, which
colonise percutaneous intravascular devices
and cause local infection and bacteraemia, is
from the skin at the catheter entry site. There is
the risk of direct inoculation of bacteria during
catheter insertion, or from subsequent migra-
tion via the transcutaneous insertion wound.
In colonised catheters, the proximal and distal
catheter tips are colonised with organisms
cultured from the skin, while the hubs are
sterile,6 implying the bacteria are seeded per-
cutaneously, rather than through infected
infusate. It has been shown that positive skin
swabs from cannula insertion sites have a 61%
positive predictive value for cannula colonisa-
tion.16 Similarly, in one unpublished study, a
direct correlation was observed between both
the level and profile of cutaneous colonisation
at catheter insertion sites and the risk of
catheter related bloodstream infection.17 Our
findings that 40% of catheter insertion sites are
heavily colonised at the time of insertion gives
some indication of the inadequacy of current
methods of skin disinfection and the potential
risk this poses for the preterm infant.
The observed high bacterial counts at

cleansed catheter insertion sites could arise
either from insufficient eradication of the
infant's own bacterial flora or from contamina-
tion of the cleansed site by handling. In a study
comparing blood cultures with corresponding
venepuncture sites, only 31 of 677 cleansed
venepuncture sites were positive, and of
these, only 7% of positive blood cultures were
associated with identical venepuncture site
contamination.'8 This lower incidence of
venepuncture site contamination is probably
because the swabs were taken immediately
after cleansing, before any handling. We have
shown that the efficacy of skin disinfection may
be improved by a longer duration of disinfec-
tant exposure, preferably with the use of two
consecutive swabs for cleansing. The problem
of subsequent contamination from handling
can only be reduced by strict adherence to
aseptic technique during catheter insertion,
preferably with the use of sterile gloves,
especially in the high risk extremely preterm
infants. Although this may make cannula
insertion more difficult, a longer intravenous
site life would be anticipated.
The effect of skin disinfection with a

chlorhexidine/alcohol swab as used in this
study is transient. Bacterial repopulation
occurs steadily over the next 48 hours. In a
study of the effects of topical antimicrobial
treatment of adult skin, it was found that CNS
were eradicated from the surface, but repopu-
lation occurred within 24 hours by organisms
that had not been eliminated from the stratum
corneum.19 Unlike mature adult skin, the skin
of the preterm infant does not have the
morphological structure to support bacteria in
the deeper subepidermal layers. Topical

antibiotic ointments applied at catheter inser-
tion sites have shown little benefits in terms of
reducing infections in adults,20 but may have a
part to play in preterm infants.
The protective effect of a breathable occlu-

sive dressing in delaying repopulation at a
cleansed site, might suggest a role for the use
of a dressing to be applied at catheter inser-
tion sites. Studies in adult patients in this
regard have shown equivocal results. For
example, Maki and Ringer showed no reduc-
tion of catheter related infections with the use
of various types of dressing.21 They also
observed that both cutaneous colonisation of
insertion site and the presence of moisture
under the dressing were significant risk factors
for infection. Presumably some of this risk is
accounted for by the presence of uneradicated
bacteria in deeper epidermal layers. The dif-
ferent skin morphology of preterm infants and
the use of breathable occlusive dressings may
account for our observation that a significant
proportion of sites remained sterile under
occlusion.

In conclusion this study has demonstrated
that a brief exposure with a premoistened
disinfectant swab may not be sufficient for
total elimination of the resident skin flora. The
use of two consecutive cleanings, or a longer
period of cleansing (at least 30 seconds), is
recommended if more effective skin sterilisa-
tion is to be achieved. The careful adherence to
stricter aseptic technique would be desirable in
order to reduce catheter site contamination.
The benefit of different methods of intra-
venous site care needs to be evaluated in this
particularly susceptible patient group.

1 Donowitz LG, Haley CE, Gregory WW. Neonatal intensive
care unit bacteremia: emergence of gram-positive
bacteria as major pathogens. Am J Infect Control 1987; 15:
141-8.

2 Geme JW, Harris MC. Coagulase negative staphylococcal
infection in the neonate. Clin Perinatol 1991; 18: 281-302.

3 Hall SL. Coagulase negative staphylococcal infections in
neonates. Pediatr Infect Dis J 199 1; 10: 57-67.

4 Fidalgo S, Vazquez F. Bacteraemia due to Staphylococcus
epidermidis: microbiologic, epidemiologic, clinical, and
prognostic features. Rev Infect Dis 1990; 12: 520-8.

5 Keyworth N, Millar MR, Holland KT. Development of
cutaneous microflora in premature neonates. Arch Dis
Child 1992; 67: 797-801.

6 Garland JS, Dunne M, Havens P, et al. Peripheral intra-
venous catheter complications in critically ill children: a
prospective study. Pediatrics 1992; 89: 1145-50.

7 Keyworth N, Millar MR, Holland KT. Swab-wash method
for quantitation of cutaneous microflora. Jf Clin Microbiol
1990; 28: 941-3.

8 Ayliffe Gaj, Babb JR, Davies JG, Lilly HA. Hand disinfec-
tion: a comparison of various agents in laboratory and
ward studies. J Hosp Infect 1989; 11: 226-43.

9 Maki DG, Zilz MA, Alvarado CJ. Evaluation of the anti-
bacterial efficacy of four agents for handwashing. In:
Nelson JC, ed. Current chemotherapy and infectious disease.
Proceedings of the 11th international congress on
chemotherapy and the 19th ICAAC. Washington DC:
American Society for Microbiology, 1980: 1089-90.

10 Macdonald GM. Aseptic preparation. In: Fletcher MA, ed.
Adas ofprocedures in neonatology. Philadelphia: Lippincott,
1983: 13-4.

11 White n1, Wallace CK, Burnett LS. Skin disinfectants. A
report of the committee on infections. Johns Hopkins
MedicalJournal 1970; 126: 170-4.

12 Choudhuri M, McQueen R, Inoue S, Gordon RC. Efficacy
of skin sterilisation for a venipuncture with the use of
commercially available alcohol or iodine pads. AmJ Infect
Control 1990; 18: 82-5.

13 Maki DG, Ringer M, Alvarado CJ. Prospective randomised
trial of povidone-iodine, alcohol, and chlorhexidine for
prevention of infection associated with central venous and
arterial catheters. Lancet 1991; 338: 339-43.

14 Tagerl B, Ginsberg MB, Ellis SE, et al. The Rhode Island
nosocomial infection consortium. An epidemiologic study
of the risks associated with peripheral intravenous
catheters. AmJ Epidemiol 1983; 118: 839-51.

315

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.69.3_S

pec_N
o.312 on 1 S

eptem
ber 1993. D

ow
nloaded from

 

http://adc.bmj.com/


Malathi, Millar, Leeming, Hedges, Marlow

15 Sheretz RJ, Falk RJ, Huffman KA, Thomann CA, Mattern
WD. Infections associated with subclavian Udall
catheters. Arch Intern Med 1983; 143: 52-6.

16 Snydman DR, Pobar BR, Murray SA, Gorbea HF, Majka
JA, Perry LK. Predictive value of surveillance skin cul-
tures in total parenteral nutrition related infection. Lancet
1982; ii: 1385-8.

17 Maki DG. Marked differences in insertion sites for central
venous, arterial and peripheral IV catheters. The major
reason for differing risks of catheter-related infection?
Program and abstracts of the 30th Interscience Conference on
Antimicrobial Agents and chemotherapy. Atlanta, GA:
American Society for Microbiology, 1990: abstract
712.

18 Hammerberg 0, Bialkowska-Horbranska H, Gregson D,
Potters H, Gopaul D, Reid D. Comparison of blood
cultures with corresponding venipuncture site cultures of
specimens from hospitalized premature neonates.
Pediatr 1992; 120: 120-4.

19 Hendley JO, Ashe KM. Effect of topical antimicrobial
treatment on aerobic bacteria in the stratum comeum of
human skin. Antimicrob Agents Chemother 1991; 35: 627-31.

20 Maki DG, Band JD. A comparative study of polyantibiotic
and iodophor ointments in prevention of catheter related
infection. Am

_J
Med 1981; 70: 739-44.

21 Maki DG, Ringer M. Evaluation of dressing regimens for
prevention of infection with peripheral intravenous
catheters.3AMA 1987; 258: 2396-403.

316

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.69.3_S

pec_N
o.312 on 1 S

eptem
ber 1993. D

ow
nloaded from

 

http://adc.bmj.com/

