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The use of honey as an

antiseptic in n 1g
Pseudomonas infection

lanagir

A laboratory study was undertaken to extend existing knowledge about the
effectiveness of the antibacterial properties of honey against pseudemonads. To date,
sensitivity testing has used non-standardised honeys, which may vary greatly in their
antibacterial potency. Pure cultures of Pseudomonas spp, isolated from swabs from 20
infacted wounds, were inoculated on the surface of nutrient agar plates containing
various concentrations of honey in the medium. Two types of honey were used, a
manuka honey and a pasture honey, each selected to have antibacterial activity close to
the median for each type. The minimum inhibitory concentration of the manuka honey
for the 20 isolates ranged from 5.5-8.7% {(v/v) (mean 6.9% (v/v), standard deviation
1:3). The mininum inhibitory concentration of the pasture honey for the 20 isolates
ranged frorn 5.8-9.0% (v/v) (mean 7.1% (v/v), standard deviation 1.0). Honeys with an
average ie@el of antibacterial activity could be expected to be effective in preventing the

-growth of pseudomonads on the surface of a wound even if the honey were diluted

more than ten-fold by exudation from the wound.

The nature of the polymicrobial
flora of wounds is well established,

Honey; Pseudomonas;
Wound infection

potent bacterial hydrolytic
enzymes are delivered to the inte-

and the factors which determine

whether those organisms colonise or infect a
wound have been discussed’. Many species of
bacteria have been recovered from wounds,
but Staphylococcus aureus is the most fre-
quently isolated wound pathogen® Pseu-
domonas aeruginosa was detected in only 4% of
wounds in hospital patients? but it is generally
accepted to be an important pathogen in
chronic wounds and burns. Its presence in
wounds has been demonstrated in numerous
studies®®, and has been found in one-third of
chronic leg ulcersé. Its importance in burns
has been emphasised’ and it has been shown
that extensive burns acquire this organism
more readily than minor burns®.

The effect of pseudomonads on wound heal-
ing rates has been underestimated. It was
deduced that Pseudomonas aeruginosa was motre
likely to be isolated from pressure sores that
were healing than from those that were not,
However, pseudomonads of clinical impor-
tance produce a range of destructive enzymes
to assist invasiveness®, During normal growth,
these virulence factors are packaged into mem-
brane-bound vesicles that are generated at the
surface of the bacteria and subsequently fuse
with the membranes of epithelial cells’. Hence
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rior of host cells and give rise to
host cell damage. It has been concluded that
staphylococci and pseudomonads retard ulcer
healing rates®, and it has been suggested that
pseudomonads and f-haemolytic streptococci
reduce the success of skin grafts to leg ulcers®2,
Monitoring of microbial flora and ulcer size on
a weekly basis has confirmed that necrosis and
delayed healing are correlated with the pres-
ence of Pseudomonas aeruginosa®®, These obser-
vations are niot surprising in the light of the
above elucidation of the mechanism of Pseu-
domonas virulence.

Pseudomonas species are notoriously resis-
tant to antimicrobial therapy, due to the pres-
ence of a relatively impermeable outer
membrane layer and antibiotic efflux sys-
tems™. Treatment usually relies on aminogly-
cosides, new B-lactams and ciprofloxacin.
Monotherapy or combination therapy of two
of these agents is usual. Adverse patient effects
(ototoxicity and nephrotoxicity) have been
linked to the use of aminoglycosides. Gen-
tamicin was recently shown to increase by
three to five times'the production of surface-
derived membrane vesicles from Pseudomonas
aerugingsa’®, Endotoxin embedded within the
membranes of these vesiclel is thought to be
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responsible for some of the side-effects seen in
patients treated with aminoglycosides?®.
Another problem associated with antibiotic
treatment of bacterial infections is the possi-
bility of selecting antibiotic-resistant strains.
In a retrospective review of bacteria isolated
from chronic leg ulcers®, most of the bacteria
were sensitive to the antibiotics commonly
used in systemic therapy; 15% of the Pseu-
domonas spp included in the study were resis-
tant to ciprofloxacin and 25% to aztreonam.
Results obtained by clinicians using honey
as an alternative wound dressing material,
have been reported®, particularly its use on
surgical and traumatic wounds, abscesses,
chronic ulcers and burns. Many of these pub-
lications report on infected wounds, often
with pseudomonads present, being rendered
bacteriologically sterile by honey within one
week!¢20; others report bacteria surviving?-?,
pseudomonads being commonly detected. In
a study where 12 different species of bacteria
isolated from infected wounds were tested for
their sensitivity to honey, Clostridium oedema-

tiens and Pseudomonas aeruginosa were the

only species found to be resistant®.

These variable results may reflect differences
in the antibacterial potency of the honey used.
It has been suggested that, for the evaluation
of a clinical trial of honey, the antibacterial
activity of the batch of honey might be impor-
tant?s. To date, clinical reports on the use of
honey as an antiseptic dressing on infected
wounds have given little or no regard to the
type of honey used. However, the antibacterial
activity of different batches of honey can vary
by a factor of up to one hundred®.

Honey is produced {frormn many floral
sources, and its antimicrobial activity varies
markedly with origin and processing®. The
variation can be in the amount of hydrogen
peroxide produced enzymically in different
honeys, and in. the presence of additional
antibacterial components derived from the
nectar source”. This may also explain why
there is so much variation in the in vifro testing
of the sensitivity of wound-infecting bacteria
to honey?®. Only one study has reported test-
ing the sensitivity of wound-infecting species
of bacteria to standardised honeys®, but only
single strains of laboratory-maintained cul-
tures of individual species were tested, thus
limiting the clinical relevance of the results.

The present study was undertaken with a
wide range of Pseudomonas strains isolated
from infected wounds. These were tested in
the laboratory to assess their sensitivity to two
standardised honeys so that the potential use-
fulness of honey as an antiseptic dressing for
wounds infected with pseudomonads could
be determined. The two honeys used were
selected to have antibacterial activity close to

the median for each type. One was representa-
tive of honey in which the antibacterial activ-
ity is due primarily to hydrogen peroxide. The
other was a representative manuka honey, a
type which has substantial non-peroxide
antibacterial activity associated with an
unidentified phytochemical component®.

Materials and method

Strains of Pseudomonas spp were isolated from
swabs which were routinely submitted during a
four-week period in 1997 for laboratory exami-
nation by the Department of Medical Microbi-
ology and Public Health at University Hospital
of Wales Cardiff. These swabs were taken from
a wide variety of 20 differenit wounds, includ-
ing: chronic venous ulcers on the leg, malleolus
and foot; a pressure ulcer on the hip; an acutely
infected traumatic wound on the ear; acutely
infected surgical wounds on the abdomen and
groin. The isolates were identified as Pseu-
domonas spp by standard bacteriological tech-
niques. Pure cultures, randomly selected, were
donated and majntained by weekly subculture
on nutient agar (Oxoid).

Two types of honey were used and were
selected tg be cldfe in antibacterial activity to
the median found in a survey of a large num-
ber of New Zetland honeys obtained from
commercial soures, tested against Staphylococ-
cus aureus (ATCC 25923)%. The manuka honey
used had a non-peroxide antibacterial activity
(with catalase added to remove hydrogen per-
oxide) equivalent to 13.2% (w/v) phenol {(cf
15.5% median for this type of activity). The
other honey, from a mixed-pasture source, was
chosen because of its high level of hydrogen
peroxide activity and undetectable non-perox-
ide activity, Its antibacterial activity was equiv-
alent to 14.8% (w/v) phenol (cf 17.5% median
for this type of activity).

Solutions of each honey, 20% (v/v} in sterile
de-ionised water, were prepared using aseptic
technique, and dispensed with appropriate vol-
umes of sterile de-lonised water totalling 10mL
into 10mL aliquots of sterilised double-stzength
nutrient agar (Oxoid) immediately before pouz-
ing into Petri dishes to produce a dilution series
from 10% to 1% (v/v) of each type of honey in
agar. A control plate of nutrient agar without
honey was included on each occasion to con-
firm the viability of isolates. Sub-cultures of the
Pseudomonas isolates were grown overnight in
10mL nutrient broth (Oxoid) for assaying sern-
sitivity to honey. Undiluted cultures (typically
1.25 x 108cfu/ml) were inoculated as 0.30uL
spots of culture, using a Mast multipeint inocu-
lator, on to the honey-containing agar plates,
which were then incubated at 37°C. After 24
hours, the plates were assessed visually for
growth. Sensitivity assays were repeated at
intervals of three to four weeks, each using a
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Table 1. The sensitivity of 20 clinical isolates of Pseudomonas spp to the
antibacterial activity of a pasture honey and a manuka honey with median
levels, respectively, of hydrogen peroxide and non-peroxide activity.

Minimum concentration of honey required for complete inhibition of growth

for 24 h .
Pasture honey Manuka honey

Mean for isolates 7.1% (viv) 6.9% (viv)

Range 5.8% - 9.0% 5.5% - 8.7%

Standard deviation between isclates I.0 1.3
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different sub-culture. On one or more occa-
sions, replicates were used: two of the isolates
were tested in duplicate on each of two dates;
five were tested on three dates (in duplicate on
each occasion apart from one, which was in
duplicate on only two of the dates); 13 of the
isolates were tested on four dates (11 in dupli-
cate on three occasions, and two in duplicate
on all four).

The minimum inhibitory concentration of
each type of honey for each isolate was taken
as the lowest concentration of honey on
which there was no sign of growth where the
inoculum spot had been placed, Visible
growth at concentrations of honey lower
than this also served as a control to demon-
strate that the cultures were all viable,

Results

Consistent results were obtained between
duplicate determinations carried out on the
same date, but there was some variation seen
(by up to two steps of 1% in concentration)
between results obtained with different sub-
cultures on different dates: the average devia-
tion between all replicated determinations for
an isolate was 0.52. The results are shown in
Table 1. Little difference was found between
the 20 isolates in their sensitivity to honey:
the coefficient of variance was 16.6%. The
similarity in effectiveness of the two types of
honey in inhibiting pseudomonads was seen
across all of the individual isolates: the corre-
lation coefficient between the minimum
inhibitory concentrations of the manuka
honey and the pasture honey was 0.84.

Discussion

There have been widely different values
reported for the sensitivity of pseudomonads
to the antibacterial action of honey. The min-
imum inhibitory concentration of honey has
variously been reported to be (as % v/v): for
Pseudomonas spp, 10%%; for Pseudomonas
aeruginosa, 39632, 3.1-6003%, 506%4%, 5.604%,
139%6°%, 259%°%°, 309%*°, 36%*; for Pseudomonas
fluorescens, 8.3%* and 25%?%. This variance
could reflect differences in = sensitivity
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between different strains of Pseudomonas, or
could reflect differences in the antibacterial
potency of the honeys used in the research. A
study in which several different honeys were
used reported that the minimum inhibitory
concentration against Pseudomonas aeruginosa
ranged from 8% to 20% (w/w)?, ;

The lack of substantial variance found in the
present study in the sensitivity of a reascnably
large number of climical isolates, collected
from a wide range of wounds, indicates that
the variation in findings reported previously is
probably not due to differences in sensitivity.
It also suggests that there is no mechanism of
resistance to either of the types of antibacterial
activity in honey (phytochemical and hydro-
gen peroxide) present in pseudomonads, in
which antibiotic resistance is widespread®,
However, a much larger sample would be
rieeded before this could be concluded.

The variance that was found between repli-
cate determinations (mainly between determi-
nations made at longer intervals rather than
those made on the same day), may have been
due to the bacteria being at a different stage of
their growth cycle at the time of inoculation,
or may have been due to mutations occurring
during maintenance of the cultures. However,
even If the extreme outliers are considered, a
honey concentration of 9% (v/v) would be suf-
ficient to completely inhibit any of the iso-
latés, This shows substantially more resistance
than the extreme outlier in the other direc-
tion, 5% (v/v), butit is well within the concen-
tration of honey that could be expected to be
achieved in the fluid bathing a wound bed
after application of a honey dressing. It should
also be remembered that the honeys used in
this study were of average activity, and honeys
of much higher activity are available?’ 4,

When honey is not excessively diluted by
wound exudate, its high osmolarity would be
sufficient to inhibit pseudomonads regardless
of the level of any other antibacterial compo-
nents contained in the honey. The minimal
water activity necessary for multiplication of
strains of Pseudomonas has been reported to
be higher than that for other species that
commonly infect wounds*, which indicates
that pseudomonads are more susceptible to
the high osmolarity of honey. However, pseu-
domonads may be expected to grow in'the
presence of diluted honey if there are no
additional antibacterial factors involved..
Experiments conducted with honey-simulat-
ing sugar solutions have found that the mini-
mum inhibitory concentration against
Pseudomonas aeruginosa of this ‘artificial
honey’ was 20% (w/w) compared with 8%
(w/w) for a lime honey?,

On testing two of the isclates in the present
study with a similar artificial honey we found
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% Pseudomenads present in wounds
may cause necrosis and delaysd
healing. They are difficult to clear
as they are notoriously resistant
to antimicrobial therapy.

= This study has shown the
sensitivity and range of
pseudomonads to the
antibacterial action of honey, =
traditional wound dressing
material for-which there is good,
modern, clinical evidence of
effectiveness.

This study has indicated a
treatment option for wounds in
which the presence of
pseudomonads cause a problem,
but the honey used should be
selected to have a high leve| of
antibacterial activity. This would
be facilitated if either
quality-assured honey or honey-
containing dressings were made
available by a supplier of medical
ethicals

The Editor welcomes
“inforrmation on resources,
organisations and new
products. This issue features
some recent developments,
compiled by Suzanne Pike
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the minimum inhibitory concentrations to
be 21.5% and 22% (v/v), compared with val-
ues of 7.3% and 3.6% for the pasture honey,
and 5.6% and 5.5% for the manuka honey,
respectively (unpublished results). This shows
the importance of factors additional to osmo-
larity, and thus the importance of selecting
honeys that are to be used as therapeutic
agents, The minimum inhibitory concentra-
tions of around 7% found in the present
study, compared with the minimum concen-
tration of more than 21% that would be
found in the honey with no antibacterial
activity other than that due to its sugar con-
tent, shows that honeys selected to have just
average levels of bacterial activity would be
three times more potent in controlling infec-
tion due to pseudomonads.

The findings in this study indicate that there
is little difference on average between the two
different types of honey in their effectiveness
against pseudomonads, and there was no indi-
vidual strain that showed a significantly greater
sensitivity to one or the other honey: the
degree oOf sensitivity, to one was correlated with
the degree of sensitivity to the other. This sug-
gests that either of these two honeys is likely to
be an effective treatmént for & wound infected
with a pseudomonad. ¢

However, there is a pqgsibility that the
hydrogen peroxide produced in the pasture
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honey will be at least partly inactivated in the
bed of the wound. Tissue cells and serum exu-
date contain the enzyme catalase which
breaks down hydrogen peroxide. Manuka
honey, which has a high non-peroxide
antibacterial activity that is not affected by
catalase, may thus prove to be more effective
than other types of honey,

There is also the possibility that one type of
antibacterial activity will penetrate deeper
into a wound, and thus be more effective
where bacteria have invaded below the
wound surface. Further comparative clinical
trials are required to provide evidence for
selection of honey type.

Conclusion

When applied directly to a wound, honey
with an average level of antibacterial activity
may be expected to be effective in preventing
the growth of pseudomonads on the wound
surface and possibly deeper into the wound.
The inhibitory effect of the honey is main-
tained on the wound surface when the honey
is diluted more than 10-fold by wound exu-
date. However, further clinical trials are
needed to find which type of honey gives the
best therapeutic results, and what minimum
level of antibacterial activity is necessary in
the honey for it to be effective as a topical
antiseptic treatment for infected wounds. =

JOURNAL OF WOURND CARE  APRIL, VOL 8, NO 4, 1997




