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Because there is no ideal therapy for burns infected with Pseudomonas aeYu&nosa, there is 
sufficient need to  investigate the efficacy of alternative antipseudomonal interventions. 
Honey is an ancient wound remedy for which there is modern evidence of efficacy in the 
treatment of burn wounds, but limited evidence for the effectiveness of its antibacterial ac- 
tivity against Pseztdomonas. We tested the sensitivity of 17 strains of P. aev@rtosa isolated 
from infected burns to two honeys with different types of antibacterial activity, a pasture 
honey and a manulia honey, both with median levels of activity. All strains showed similar 
sensitivity to honey with minimum inhibitory concentrations below 10% (vol/vol); both 
honeys maintained bactericidal activity when diluted more than 10-fold. Honey with 
proven antibacterial activity has the potential to  be an effective treatment option for burns 
infected or at risk of infection with P. tzeYu&osa. (J Burn Care Rehabil2002;23:366-370) 

Perturbation of slun by thermal injury allows ingress 
of microbial species to vulnerable tissue and initiates a 
complex series ofinteractions' that resuit in transient 
wound contamination, wound colonization, or clin- 
ical infection. Normally the initial microbial burden 
of burns is low and the aim in patient care is to pro- 
mote rapid repair without an increase in microbial 
density or diversity. However, accounts of burns in- 
fection date from the 17th century: and although the 
causative agents were not then recognized, they have 
since been extensively monitored.' ,3 Distinguishing 
between microbial effects and the Sonsequences of 
thermal injury on wound healing has been difficult. 
The pathogenicity of Staphylococws aweus (often the 
primary colonizer of burns) and of P-hemolytic strep- 
tococci is undisputed, but the role of the gram-neg- 
ative bacteria and the yeasts and fungi is less certain. 
The contribution of P. aemginosa to graft failure, 
delayed healing, systemic complications, and fatality 
after burn colonization was documented in 1951.4 
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However, survival rates in burns patients have since 
increased by successive improvements in antimicro- 
bial therapy, critically ill patient support techniques, 
innovative dressing materials, better wound assess- 
ment and surveillance methods, and rigorous cross- 
infection precautions. The epidemiology of burns 
infections has reflected these changes.'>3 Topical pro- 
phylactics and antipseudomonal antibiotics have re- 
duced the frequency of P. aeru&zosa infections in 
many hop~itals,~ but this virulent opportunist patho- 
gen can still have a significant impact on patient mor- 
bidity and mortality.6 In some situations it is still the 
predominant bum isolate .7,s P. aeru,znos& displays 
complex patterns of virulence that include the pro- 
duction of hydrolytic enzymes, exotoxin A, and the 
release of endotoxin from the lipopolysaccharide 
component of its cell waL9 The expression of such 
factors is influenced by cell-to-cell signaling mecha- 
nisms that are dependent on bacterial population 
size." Although the regulation of virulence determi- 
nants is not completely elucidated, the necessity of 
minimizing the numbers of pseudomonads in burns 
is implied. Unfortunately, antibiotic use has selected 
for resistant bacteria, and the recent emergence of 
multiresistant strains of P. aeru&nosa' has further 
increased the urgency to discover more effective in- 
hibitory agents. 

Honey has long been Icnown to have antibacterial 
properties, and has a long established usage as a 
wound dressing.12 There have been many reports 
published of the sensitivity to honey of a wide range 
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of bacterial species, and some of these studies have 
included P. aew@aosa.12 However, little account has 
been taken in these studies of the very large variation 
that exists in the antibacterial potency of honey.12 
The aim of the present study was to investigate the 
efficacy of honey in inhibiting strains of P. aevu&osa 
isolated fiom infected burn wounds, using honeys 
with median levels of antibacterial activity. There are 
two different types of antibacterial component that 
have been identified as being responsible for the an- 
tibacterial activity of honey beyond that caused by its 
high osmolarity . One is hydrogen peroxide produced 
by the action of the enzyme glucose oxidase that the 
bees add to the nectar that they collect.12 The other is 
a phytochemical component of die nectar fiom cer- 
tain species of plants.12 Manulia (Leptospewwwu sco- 
pavigm) honey has an exceptionally h g h  level of this 
type of and has been found to be effective 
in clearing infection in lesions resulting from menin- 
gococcal septicemia.’* Hence, honeys with each type 
of antibacterial component were used in this study. 
An “artificial honej7” (a sugar mixture simulating 
honey) was also used so that the effects of the anti- 
bacterial components o f  the honeys could be distin- 
guished fiom the osmotic effect. 

ET 
Strains of P. aa~u&nosa were isolated from swabs be- 
ing routinely processed by the Department of Medi- 
cal Microbiology and Public Health Laboratory Ser- 
vice at Singleton Hospital, Swansea, that had been 
collected fiom burns patients at Morriston Hospital. 
Pure cultures with reported antibiotic sensitivities 
were provided on nutrient agar slopes. The identity of 
all strains was confirmed by API 2OKE (bioMkrieux, 
Marcy YEtoile, France). For h s  study isolates were 
labelled A to Q. 

Two New Zealand honeys were used in this study. 
One was a mixed pasture honey (PS3) with antibac- 
terial activity caused by hydrogen peroxide, equiva- 
lent to that of 14.8% (wt/vol) phenol13 (@a median 
of 17.5% for this type of activity in 1i0ney.l~) The 
other was a nianuka honey (M108) with antibacterial 
activity due primarily to a phytochemical component 
equivalent to 18% (wt/vol) pheno1l3 ( f a  median of 
15.5% for this type of activity in honey.I3) Pasture 
honey generates hydrogen peroxide on dilution, but 
manuka honey is a nonperoxide honey whose mode 
of inhibition has been attributed to phytochemi- 
cals.13 An artificial honey (100 g) was prepared by 
dissolving 1.5 g sucrose, 7.5 g maltose, 40.5 g fruc- 
tose, and 33.5 g glucose in 17 in1 sterile deionized 
water. 
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The minimum inhibitoiy concentration (MIC) of 
each honey was determined by an agar incorporation 
method previously described. l5 Briefly, honey was 
weighed and dissolved in sterile deionized water to 
prepare a stock solution of 20% (vol/vol) honey im- 
mediately before use. Further llutions were prepared 
by pipetting stock solution and sterilized deionized 
water to sterile loin1 atiquots o f  molten double- 
strength nutrient agar (Oxoid Limited, Basingstolie, 
United Kingdoin) at  50°C to produce a range of 
plates incorporating honey at concentrations be- 
tween 0 and 10% (vol/vol). Plates were dried a t  37°C 
for 1 5  min before use. Clinical isolates were grown 
overnight in nutrient broth at 37°C and inoculated as 
0.3-pi spots using a multipoint inoculator (Mast Di- 
agnostics Limited, Merseyside, United IGngdom). 
Plates were incubated at 37°C for 24 hours and ob- 
served for growth (confluent spot) or no growth. 
MIC was recorded as the lowest concentration of 
honey to prevent growth of each isolate. The natural 
honeys were each assayed in duplicate on three occa- 
sions, the artificial honey was tested once. 

Using a tube dilution method with liquid media, 
MIC was compared with minimum bactericidal con- 
centration (MBC) for each natural honey in order to 
investigate the mode of inhibition. Double-strength 
nutrient broth (Oxoid) was d h t e d  with appropriate 
volumes of sterile deionized water and 20% (vol/vol) 
freshly prepared stock honey solution to produce a 
range of fmal concentrations in 1% (vol/vol) intervals 
between 1 and 10% (vol/vol). Tubes were inoculated 
with overnight broth cultures of clinical isolates (ap- 
proximately 3.5 x 106 cfu/ml in each assay tube) and 
incubated at  37°C for 24 hours. Tubes were observed 
for bacterial growth (turbidity) to deduce MICs. The 
viability of bacteria in those tubes with no apparent 
turbilty was explored by spreading 100 / ~ l  onto a 
nutrient agar plate (Oxoid) and incubated at  37°C for 
24 hours. The lowest honey concentration that failed 
to allow the survival ofviable bacteria was recorded as 
the MBC. 

RESULTS 
Fourteen of the isolates exhibited a similar antibio- 
gram, ie sensitive to four of the eight antibiotics 
tested (Table 1). Only three strains were resistant to 
ciprofloxacin; strain P was resistant to seven of the 
eight antibiotics tested, and was therefore a multire- 
sistant isolate. All of the isolates, however, showed 
similar patterns of sensitivity to the honeys tested (Ta- 
ble 2). The mean MIC for artificial honey was 19.2% 
(vol/vol), ranging between 17 and 22, but mean 
MIC values for manuka and pasture honey respec- 
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Table 1. Antibiotic sensitivities of burns isolates 

Strain Cip Pip CXM Am1 CN W Im A% 

A-J, L-N, and Q S S R R S R S R 
0 R S R R S R S R 
I< R S R R R R S R 
P R R R R S R R R 

Czp, 1 ~g ciprofloracin; Pzp, 75 pg piperacih; CxM, 30 pg cefuroxime; A d ,  10 pg  amoxycillin; CN, 10 pg pentarnkin; W, 1.25 pg trimethoprim; IA4, 10 pg 
imipenen; Aug, 30 pg augmenun; S, sensitive; R, resistant. 

Table 2 .  Minimum inhibitory concentrations (% vol/vol) Table 3. Mean minimum bactericidal concentration 
(% vol/vol) 

Artificial Manuka Pasture 
Honey, Honey, Honey, Manulca Honey Pasture Honey 
Mean Mean f SD Mean k SD 

Strain (n = 1) (n = 6 )  (n = 6) 9.71 i 0.69* 9.00 z 1.22* 
Range s-10 6-1 0 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
I< 
L 
M 
N 
0 
P 
Q 

Mean of 
mcans 

20 
19 
20 
20 
19 
20 
20 
20 
NT 
22 
20 
20 
17 
17 
17 
18 
18 

19.2 i 1.42 

8.66 I 0.52 
6.83 t 0.75 
8.50 F 0.54 
8.66 1 0 . 5 2  
7.33 i 0.52 
6.83 i 0.75 
7.83 i 0.41 
6.50 2 0.55 
8.17 t 0.41 
8.50 i 0.84 
7.83 I 0.41 
6.67 2 0.52 
6.50 -C 0.55 
7.50 i 0.55 
4.00 I 1.55 
S.00 i 0.89 
9.00 i 0 
7.49 t 1.22 

7.33 i: 1.36 
5.83 t 1.33 
7.66 i 1.03 
7.66 i 1.03 
6.17 t 1.84 
7.50 t 0.55 
7.00 i 0.63 
5.83 t 1.33 
7.83 t 0.98 
7.50 i 1.22 
7.33 i 0.52 
5.67 2 1.03 
5.83 I 0 . 9 8  
7.00 I 1.26 
4.33 i 1.03 
7.67 i 0.52 
7.33 1 0 . 5 2  
6.79 i 0.99 

* 17 clinical isolatcs tested. 

may have utilized organisms taken from type cultures, 
rather than clinical infections, and their relevance to 
clinical practice is questioiiable. This study seeks to  
address these limitations by using honeys of luxown 
potency, with median levels of activity typical of hon- 
eys available commercially. Similar honeys have been 
used in a previous study where pseudonionads iso- 
lated from wounds other than burns were tested, but 
neither their antibiotic sensitivities nor MBCs were 
determined.16 Here it can be seen tha t  burns isolates 
with a variety of antibiotic sensitivities (Table 1) 
showed relatively consistent susceptibilities to  two 
natural honeys of median levels of antibacterial po- 
tency (Table 2). Hence the effectiveness of honeys 
was independent of antibiotic susceptibility. Since 
pseudomoiiads are recalcitrant to antibiotic therapy, 

hT, not tcsted; n, number of assays. 

the ability of honey to inhibit test strains irrespective 
of their antibiotic resistances has important implica- 
tions for clinical practice. 

In the routine testing of antibiotic sensitivity, dou- 
b h g  ddution series are usually employed. Because a 
narrower range of honey concentrations was used in t h s  
study (1-10%, vol/vol), more precise estimations of 
MICs and MBCs were obtained. When MBC exceeds 
its correspondmg MIC by a factor of four or more, a 
bacteriostatic mode of action is inferred. The proximity 

tively were 7.5 and 6.5% (vol/vol; Table 2). On av- 
erage, therefore, the natural honeys were 2.5 and 2.8 
times more effective that artificial honey in inhbiting 
pseudoinonads in in-vitro tests. Mean MBC values 
for manuka and pasture honey were only marginally 
higher than MIC values in tube dilution tests (Table 
3), indicating a bactericidal rather than bacteristatic 
mode of action in the in vitro assays. 

19 I scu ss I0 of MICs for both manrka and pasture honeys (Tables 2 
and 3) to their respective MBCs (Table 3) indicates 

Previous studies have reported MIC values for P. 
nevu&nosu ranging from 3 to  36% (vol/vol) and 
MBC values from 10 to 99% (vol/vol) honey.12 
However, not all previous studies have specified the 
floral origin of the honey used in the research, or 
standardized its antibacterial potency. Sensitivity tests 

bactericidal activity rather than bacteriostatic. 
All of the 17 strains of P. aeru&osa that were 

isolated from burns patients were inhibited by similar 
concentrations of the two natural honeys, but signif- 
icantly higher concentrations of artificial honey were 
required to achieve an equivalent effect (Table 2). 
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The mo& of action of each of manulia and pasture 
honey in inhibiting P. aew&nos@ at conceiitratioiis 
below 17% (vol/vol) is not therefore exclusively via 
osmolarity. When honey is applied to wounds, it will 
be diluted by body fluids, and if hoiiep is to  be an 
effective wound antiseptic, it must retain inhibitoiy 
activity on dilution. In this study the pasture and 
manulra honeys tested each retained bactericidal ac- 
tivity in vitro after dilution by a factor of 10. Since 
many of the bacteria that may be recovered from 
wounds possess catalase, and plasma contains cata- 
lase, it is probable that pasture honey may be less 
eff’ectiw in vivo, than manulia honey. There is a need 
to monitor bacterial numbers in wounds after topical 
application of honey. 

Despite the current range of aitipseudomonal 
therapies, Pseudornowas infections remain notoriously 
difficulty to  cure. Their occurrence in burns and 
wounds still contributes to extended treatment times 
and costs by retarding lieaiiiig rates,l7>l8 causing slun 
grafts to fail,” and increasing risks of septicaemia.6 
The continued emergence of multiresistant strains 
has complicated wound care regi~iies,~’ and heiglit- 
ened risks of cross infection,l1 such that unusual an- 
timicrobial agents continue to be ~ugges ted . ’”~~ 
Honey is an ancient remedy that might have a place 
not only in limiting multiresistant species of microor- 
ganisms in wounds, but in promoting healing. 

In prospective, randomized, controlled clinical ri-i- 
als carried out to  evaluate the effectiveness ofhoney as 
a dressing for partial-thiclcness it was ob- 
served that honey gave effective control of clinical 
infection, much better than that achieved with silver 
~u l f a&az ine .~~  However, in a prospective, random- 
ized, controlled trial on deep bu.rns it was found that 
tlie control of infection was not as good with honey 
dressing as with early tangential excision and sluii 
grafting,” but in this trial the honey used was not 
standardized and may have been of low antibacterial 
potency, and thus possibly better results would be 
obtained if honey with a higher potency were used. 

In the clinical trials on partial-thickness burns 
honey was found to promote the heaiing of burn 
w o ~ n d s . ~ ~ - ~ ~  This has been reported also in animal 
studies on burn w o u ~ i d s ~ ” ~ ~  where infection was not 
involved, indicating a direct stiniulatoqi effect rather 
than removal of inhibition of healing by bacteria 
present in the wound. A review of the literature on the 
use of honey on other types of wounds cites numer- 
ous other observations on the stimulation of wound 
repair by honey.31 It has been proposed that because 
of its growth-promoting action on wound tissues, 
hoiiey be used in place of expensive recombinant 
growth factors to stimulate the healing of 

The faster healing of burns dressed with honey also 
may result from the anti-inflamniatoiy effect of 
honey. There are numerous reports of this effect be- 
ing observed cliiically in a variety of types of wound 
2s a reduction in edema and pain.31 This is not just a 
secondary effect of clearing infection and debriding 
the wound, as it also has been observed, as a reduction 
in the number of inflammatory cells infiltrating the 
wound tissue, in experimental b ~ 1 1 ~ ~ . ~ ~  and surgi- 

wounds in animal models in which tliere was 
no infection involved. The anti-inflammatory action 
could be expected to prevent hirther necrosis caused 
by the oxidative free radicals formed in the inflamma- 
tory process,35 as would the significant capacity of 
honey to scavenge fiee radicais.36 This would also 
account for the observation that honey reduces iiy- 
pertrophic scarring resulting from b ~ ~ 1 1 s , 2 ~ ~ ~ ~  as pro- 
longed production of oxidative free radicals is respon- 
sible for fibrosis 

,al33,34 

These beneficial effects of honey, and its lack of ad- 
verse effects on wounds,31 considered along with the 
findings from the present study, indicate that honey 
with standardized antibacterial activity has the poten- 
tial to be a veiy useful treatment option for burns 
infected or at risk of infection with Pseudornonas 
aeiw&nosa. 
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