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Absorption of chlorhexidine from the intact skin of
newborn infants
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SUMMARY 34 newborn infants who had been bathed in a standard manner with Hibiscrub* were

studied to find out whether it was absorbed percutaneously. Low levels of chlorhexidine were found
in the blood of all 10 babies sampled by heel prick, and 5 of 24 from whom venous blood was taken.
The detection of chlorhexidine varied greatly with the method and timing of sampling, and no

correlation was found between gestational or postnatal age and chlorhexidine levels.

Antiseptic substances have been applied to the skin
and umbilical cord stumps of newborn babies for
many years with a view to controlling bacterial
colonisation and reducing the prevalence of neonatal
infection (Farquarson et al., 1952; Williams and
Oliver, 1969; Evans et al., 1970; Gezon et al., 1973;
Dankert et al., 1977; Fares et al., 1977; Wald
et al., 1977). Hexachlorophane, a phenolic derivative
effective against Gram-positive organisms, has been
the most widely used. This substance is now known
to be absorbed through the intact skin, particularly
in preterm infants (Curley et al., 1971; Powell et al.,
1973; Tyrala et al., 1977). It has also been recovered
from the brains of such babies, where it has been
associated with a spongioform myelinopathy (Powell
et al., 1973; Shuman et al., 1974, 1975). This has led
to restriction in its use, particularly in infants of
very low birthweights. Chlorhexidine, effective
against Gram-positive and some Gram-negative
bacteria (Lowbury et al., 1964, 1974), appeared to
be an appropriate substitute. It is not absorbed in
any significant amounts from the hands of adults,
even after prolonged use (Case et al., 1976). As the
skin of immature infants is known to be unusually
permeable, this study was undertaken to determine
the extent, if any, of chlorhexidine absorption.
*Hibiscrub is a detergent-based preparation containing 4%
Hibitane chlorhexidine gluconate. Hibiscrub and Hibitane
are trade marks, the property of Imperial Chemical Industries
Limited.
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Patients and methods

34 infants nursed in the neonatal intensive care unit
at Hammersmith Hospital between November 1974
and January 1977 were studied. The purpose and
nature of the investigation was explained to their
mothers, who agreed to their infants' inclusion; the
study also had the sanction of the hospital's ethical
committee.

All babies in the study were 'topped and tailed'
using water alone until the umbilical cord separated.
They were then (or when size and general con-
dition permitted) bathed daily with Hibiscrub used
in a standard way throughout. A small quantity of
the substance was applied with the bather's hand to
the baby's head, excluding the face, and washed off
with plain water. Chlorhexidine was then applied to
the rest of the body, excluding any areas of broken
skin; the infant was next immersed up to his neck
in a bath of plain water, and then dried.
Blood samples were taken by heel prick or from

a vein on the back of the hand (see below). The
sampling site was swabbed with 70% isopropyl
alcohol, mopped dry with sterile cotton swabs,
reswabbed with isopropyl alcohol and allowed to
dry. Blood was taken at the same time as samples
needed for clinical purposes if possible. The whole
blood sample was stored at 40C until spun. Serum
after separation was also stored at 40C until analysed
by gas-liquid chromatography after solvent ex-
traction, acid hydrolysis, diazotisation, and iodin-
ation. A straight line was fitted to each set of
calibration data by the method of least squares.
Estimates for the unknown concentrations, to-
gether with their 95% confidence limits, were made
by direct calculation from this fitted line. All esti-
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mated concentrations which gave negative values,
or whose 95 % confidence limits included zero, were
considered as being not statistically significantly
different from values obtained from blank samples.
The numerical values, however, are included for
completeness.
The gestational ages of the infants were calculated

using the mothers' last menstrual periods and
checked by a neurological and morphological
scoring method (Dubowitz et al., 1970). The 34
infants were divided into three groups.

Group 1 (10 infants). Blood samples were taken by
heel prick at varying times after the first bath.
Details of sexes, birthweights, gestational and
postnatal ages are shown in Table 1.

Group 2 (7 infants). Samples were taken by vene-

puncture 4 hours after the first bath in case any
measurable chlorhexidine in group 1 infants merely
reflected adsorption of chlorhexidine on to the skin.
Clinical details are shown in Table 2.

Group 3 (17 infants). Venous samples were with-
drawn 12 hours after bathing and at weekly intervals
if possible. These infants were studied to see if
accumulation occurred and to attempt to see whether
there was any correlation between gestational and
postnatal ages and chlorhexidine blood levels.
Details are shown in Table 3.

Results

Chlorhexidine was found in samples of blood taken
from all 10 preterm infants in group 1 (Table 1). It
was not realised, at this stage, that chlorhexidine is
so strongly adsorbed on to the skin surface that it
was not removed by the alcohol wash, so these
results were almost certainly due to contamination
of the sample by residual chlorhexidine on the skin.
Where the concentrations were estimated as being
negative these are shown as zero in the table.

Unlike the heel prick results, those recorded in
venous samples were near the limits of detection
of the assay and, therefore, some of the positive
values could have been due to chance. Those that
are considered to be significantly different from
zero, based on the 95% confidence limits, are
marked with an asterisk in the Tables and will be
referred to as being significant in the following
remarks.
While venous samples from infants in group 2

appeared positive in 6 of the 7 babies (Table 2), the
three 'significant' values in this group were recorded
in the 3 babies of 36 weeks or less. The infant who
had no detectable chlorhexidine (Case 16) had an
identical twin (Case 15) in whom 63 ng/ml was
reported but, as this result does not differ significantly
from zero, the 2 may have behaved identically with
respect to absorption. The concentration of 460
ng/ml in Case 13 was very much higher than that in

Table 1 Clinical details and total chlorhexidine in group I infants (capillary blood taken I and 4 hours after 1st bath)
Case Sex Birthweight Gestational age at birth Age at Ist bath Minimum chlorhexidine concentration

(g) (weeks) (days) (ng/ml)
1 hour 4 hours

1 F 1140 28i 38 53* 31
2 F 1680 321 11 79* 184*
3 F 1540 34 6 81* 134*
4 M 1800 34 10 380* 439*
S M 2660 35 13 607* 1021*
6 M 2330 36 11 404* 67*
7 F 2240 36 5 260* 34
8 F 2360 37 17 539* 333*
9 M 2200 37i 9 75*
10 M 2440 37i 9 251*

*Denotes a result which is significantly different from zero.

Table 2 Clinical details and chlorhexidine concentration in group 2 infants (venous blood taken 4 hours after Ist bath)

Case Sex Birthweight Gestational age at birth Age at 1st bath Chlorhexidine concentration
(g) (weeks) (days) (ng/ml)

11 F 700 28 84 4
12 M 2030 33 6 101*
13 M 2440 35 7 460*
14 F 2180 35 7 169*
1St M 1940 37 4 63
16t M 2320 37 4 -56
17 F 3020 39 8 68

*Denotes a result significantly different from zero. tIdentical twins.
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Table 3 Chlorhexidine concentrations in group 3 infants (venous blood taken 12 hours after baths on days stated)

Case Sex Birthweight Gestational age Age at 1st bath Chlorhexidine concentrations (ng/ml)
(g) (weeks) (days)

Day 4 Day 11 Day 18 Day 25 Day 32

18 M 1350 29 52 7 0
19 F 1470 30 18 21 214* 34
20 M 1430 31 26 0 38 91* 0
21 M 1640 31 11 4 64 4t
22 F 1310 31 23 72 0 17
23 F 1550 31 23 Is 16 Is
24 F 1860 32 4 IS 0
25 F 1470 32 26 0 0 0 0
26 F 1830 32 6 Is 2 18
27 M 1580 32 21 Is 0
28 M 1540 33 10 0
29 F 2100 33 8 0 1
30 M 1870 33 8 2 19
31 M 2140 34i 11 0 13
32 M 2090 35 4 0 0
33 M 1880 35i 2 0 IS 0
34 F 2800 36 9 2 IS 7 28 31

*Significantly different from zero based on the 95% confidence limits; tbaby not bathed in chlorhexidine for two days before this sample.
IS = insufficient sample.

the others in the group for no obvious reason. Post-
natal age did not appear to affect the results.
When the results from the 17 infants from group

3 were analysed, only 2 significant positives were

found. The percentage of significant positives was

thus reduced from 95% in group 1, to 50% in group
2, and 5% in group 3. This would tend to confirm
that at least some of the results in group 1 were

owing to topical contamination with chlorhexidine.
However, the only difference between group 2 (7
babies) and group 3 (17 babies) was that the samples
were taken 4 hours after bathing in group 2 and 12
hours in group 3. It was not possible to detect any

correlation between gestational-postnatal age and
chlorhexidine levels in these groups, nor was there
any tendency to accumulate the substance.
No unusual effects which could be attributed to

chlorhexidine absorption were noted.

Discussion

This study was undertaken to ascertain whether
chlorhexidine was absorbed through the intact skin
of the newborn. It was prompted because hexa-
chlorophane was in use as a bacteriostatic agent for
more than 20 years before it was found to be
absorbed (Curley et al., 1971), and to be associated
with spongioform lesions in the brains of monkeys
and preterm babies bathed in it (Hart, 1971, cited by
Lockhart, 1972; Powell et al., 1973). The studies on
hexachlorophane which led to these conclusions
were undertaken when it was proposed to use

hexachlorophane as a fungicide on fruit and
vegetables.
The results reported from our survey show that

chlorhexidine is detectable in the blood of some

preterm and term infants after whole body bathing.
Although there were more positive results in pre-
term babies, these were too few for statistical
analysis. Percutaneous chlorhexidine absorption
would not be surprising as many other substances
are absorbed in this way, particularly in the neonatal
period. These include hydrocortisone, trichloro-
carbanilide, pentachlorophenol, and, of course,
hexachlorophane (Fisch et al., 1963; Feinblatt et al.,
1966; Armstrong et al., 1969; Robson et al.,
1969). Nachman and Esterly (1971) demonstrated
skin blanching with phenylephrine hydrochloride
10% in preterm but not term babies, thus confirming
increased permeability in the immature. As any
substance to which newborn skin is exposed may be
absorbed to some extent it is a question of balancing
its value against potential risks. There are differing
views on the effectiveness of, or even the necessity
for, topically applied antibacterial substances in
newborn babies (Forfar et al., 1968; Evans et al.,
1970; Gezon et al., 1973; Light and Sutherland,
1973; American Academy of Pediatrics Committee
on Fetus and Newborn, 1974; British Medical
Journal, 1977; Dankert et al., 1977), but it is beyond
the scope of this paper to review opinions on this
controversial subject.
There are no reports yet of any tissue toxicity due

to chlorhexidine, but necropsy studies have not been
made. Despite the extensive use of chlorhexidine in
obstetrics, ear, nose, and throat surgery, in dentistry,
and as a preoperative disinfectant, the only adverse
reactions reported in adults have been associated with
direct instillation into the middle ear, where in
common with other antiseptics, it causes deafness.
However, adults absorb virtually no chlorhexidine
from the skin, even after prolonged use (Winrow et
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al., 1973). Newborn rhesus monkeys bathed daily
with chlorhexidine digluconate showed no clinical
evidence of toxicity (Case et al., 1976). Rats given
chlorhexidine in their drinking water for 2 years
showed no ill effects in life or at necropsy although
there were easily detectable levels of chlorhexidine in
the liver and kidney (Case et al., 1976). It has been
shown to cause concentration-dependent precipita-
tion of rat liver microsomal protein, probably due to
RNA binding and possibly to membrane binding too;
and it binds rat liver microsomes affecting various
enzyme systems in them (Christensen and Jensen,
1974; Christensen et al., 1975). These effects were
noted on subcellular fractions exposed directly to
high concentrations of chlorhexidine, and all were
thought to be related to the cationic amphipathic
nature of chlorhexidine. Pharmacologically chlor-
hexidine is a biguanide, and the related substances
phenformin and metoformin exert their metabolic
effects by inhibiting fatty acid oxidation at toxic
doses; they also inhibit oxidative phosphorylation
(Muntoni, 1974).
With regard to the prime object of this study

which was to demonstrate whether chlorhexidine
is absorbed from the skin of newborn infants, the
possibility of its adsorption to skin makes inter-
pretation of results from heel prick samples in-
conclusive. When blood was obtained by vene-
puncture, however, small amounts of chlorhexidine
were found in the blood of a few babies tested. Some
of the most immature infants in this study were
several weeks old when first bathed with chlorhexi-
dine, so their skin permeability would already be
less than at birth. Should further work be under-
taken, sampling technique and postnatal age at
exposure must be taken into account, and the use of
chlorhexidine in obstetric units remembered.

We thank Mr B. F. Holmes, ICT, for analysis of
chlorhexidine blood samples, Miss Castle and her
staff of the premature baby unit, Hammersmith
Hospital, for their help, and Dr Pamela Davies for
encouragement.
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