
www.thelancet.com/infection   Published online October 10, 2013   http://dx.doi.org/10.1016/S1473-3099(13)70258-5 1

Articles

Antibacterial honey for the prevention of peritoneal-
dialysis-related infections (HONEYPOT): a randomised trial
David W Johnson, Sunil V Badve, Elaine M Pascoe, Elaine Beller, Alan Cass, Carolyn Clark, Janak de Zoysa, Nicole M Isbel, Steven McTaggart, 
Alicia T Morrish, E Geoff rey Playford, Anish Scaria, Paul Snelling, Liza A Vergara, Carmel M Hawley, for the HONEYPOT Study Collaborative Group

Summary
Background There is a paucity of evidence to guide the best strategy for prevention of peritoneal-dialysis-related 
infections. Antibacterial honey has shown promise as a novel, cheap, eff ective, topical prophylactic agent without 
inducing microbial resistance. We therefore assessed whether daily application of honey at the exit site would increase 
the time to peritoneal-dialysis-related infections compared with standard exit-site care plus intranasal mupirocin 
prophylaxis for nasal carriers of Staphylococcus aureus.

Methods In this open-label trial undertaken in 26 centres in Australia and New Zealand, participants undergoing 
peritoneal dialysis were randomly assigned in a 1:1 ratio with an adaptive allocation algorithm to daily topical exit-site 
application of antibacterial honey plus standard exit-site care or intranasal mupirocin prophylaxis (only in carriers of 
nasal S aureus) plus standard exit-site care (control group). The primary endpoint was time to fi rst infection related to 
peritoneal dialysis (exit-site infection, tunnel infection, or peritonitis). The trial is registered with the Australian New 
Zealand Clinical Trials Registry, number 12607000537459.

Findings Of 371 participants, 186 were assigned to the honey group and 185 to the control group. The median 
peritoneal-dialysis-related infection-free survival times were not signifi cantly diff erent in the honey (16·0 months 
[IQR not estimable]) and control groups (17·7 months [not estimable]; unadjusted hazard ratio 1·12, 95% CI 
0·83–1·51; p=0·47). In the subgroup analyses, honey increased the risks of both the primary endpoint (1·85, 
1·05–3·24; p=0·03) and peritonitis (2·25, 1·16–4·36) in participants with diabetes. The incidences of serious adverse 
events (298 vs 327, respectively; p=0·1) and deaths (14 vs 18, respectively; p=0·9) were not signifi cantly diff erent in the 
honey and control groups. 11 (6%) participants in the honey group had local skin reactions.

Interpretation The fi ndings of this trial show that honey cannot be recommended routinely for the prevention of 
peritoneal-dialysis-related infections.

Funding Baxter Healthcare, Queensland Government, Comvita, and Gambro.

Introduction
Peritoneal dialysis is an important treatment for 
individuals needing renal replacement and is used in 
more than 200 000 patients with end-stage kidney failure 
worldwide.1 An important barrier to further uptake and 
sustained use of peritoneal dialysis is infection, including 
peritonitis and exit-site and tunnel infections.2 These 
infections frequently complicate peritoneal dialysis and 
are associated with greatly increased risks of all-cause 
and cardiovascular mortality, catheter removal, transfer 
to haemodialysis, loss of residual renal function, 
prolonged hospital admission, and further episodes of 
peritoneal-dialysis-related infections.3–5

Evidence for the use of topical nasal mupirocin 
(particularly in individuals who are carriers of nasal 
Staphylococcus aureus),6–8 and exit-site mupirocin9,10 or 
exit-site gentamicin application11 to prevent peritoneal-
dialysis-related infections has been obtained from only 
a few randomised controlled trials. The guidelines of 
Caring for Australasians with Renal Impairment 
(CARI), therefore, recommend intranasal mupirocin 
prophylaxis for participants with nasal S aureus carriage 
undergoing peritoneal dialysis,12 whereas those of the 

International Society for Peritoneal Dialysis (ISPD) 
recommend use of topical antibiotics either at the 
catheter exit site or intranasally, or both, in all 
participants undergoing peritoneal dialysis.13 However, 
these antibiotics are only active against a narrow range 
of microorganisms and an increasing number of 
reports suggest that these agents result in the selection 
of resistant microorganisms and subsequent treatment 
failures.14,15

Over the past decade, honey has been shown to be an 
inexpensive, safe, and eff ective antimicrobial agent, 
which is active against a broad range of fungi and bacteria 
(including multiresistant microorganisms),16,17 prevents 
and disrupts formation of biofi lm,18 and does not result 
in antimicrobial resistance even under conditions that 
rapidly induce resistance to antibiotics.19 The results of a 
meta-analysis of seven randomised controlled trials 
showed that honey was superior to antiseptics or systemic 
antibiotics, or both, for wound healing, maintenance of 
sterility, and eradication of infection.20 In a randomised 
controlled trial of participants undergoing haemodialysis, 
topical application of standardised antibacterial honey to 
haemodialysis-catheter exit sites resulted in infection 
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rates similar to mupirocin, without the problems 
associated with mupirocin resistance.21 So far, there have 
been no other trials of honey to prevent peritoneal-
dialysis-related infections.

The main objective in this trial was to assess whether 
daily application of honey at the exit site would increase 
the time to peritoneal-dialysis-related infections com-
pared with standard exit-site care plus intranasal 
mupirocin prophylaxis for the carriers of nasal S aureus.

Methods
Study design and participants
The trial was designed and supervised by the investigators 
in the management committee and coordinated by the 
Australasian Kidney Trials Network (University of 
Queensland, Brisbane, QLD, Australia). The trial design 
and the statistical analysis plan have been reported 
previously.22,23

Adults and children of all ages with end-stage kidney 
disease who were undergoing peritoneal dialysis were 
eligible for inclusion in the trial. The exclusion criteria 
were exit-site infection, tunnel infection, or peritonitis 
within the preceding month; current or recent (within 
the preceding 4 weeks) treatment with an antibiotic 
administered by any route; nasal carriage of mupirocin-
resistant S aureus; known hypersensitivity to or 
intolerance of honey or mupirocin; inability to provide 
informed consent; and history of psychological illness or 
disorder that interfered with the ability to understand or 
comply with the requirements of the study. All potential 
participants were screened for nasal carriage of S aureus 
with standard microbiological methods.24

The trial was undertaken in accordance with the 
principles of the International Conference on 
Harmonisation Good Clinical Practice guidelines. The 
study protocol was approved by the ethics committees 
at all participating centres and all participants provided 
written informed consent before participation in 
the trial.

Participants were recruited from 26 centres in Australia 
and New Zealand between Sept 17, 2008, and June 17, 
2011. Results from two interim analyses were assessed by 
an independent data and safety monitoring board after a 
third and two-thirds of the total number of participants 
had been recruited and followed up for at least 2 months. 
The Haybittle-Peto25 stopping rule for effi  cacy was not 
met, and the study was completed as per protocol. The 
data were analysed by trial statisticians (EMP and AS).

Randomisation and masking
Participants were randomly assigned in a 1:1 
ratio by use of an adaptive allocation algorithm 
designed to minimise imbalance in treatment 
groups for the three variables: study site, incident 
versus prevalent peritoneal dialysis status, and 
nasal carriage of S aureus.26,27 To ensure adequate 
concealment of allocation, the randomisation was 
done with a password-protected internet-based 
system. The trial was open label, but microbiology 
staff  at the local laboratories were not informed 
of the treatment allocation. Participants in the 
experimental group received daily topical exit-
site application of 10 mg of antibacterial honey 
(Medihoney Antibacterial Wound Gel, Comvita, 
Paengaroa, New Zealand; AUD9·95–13·95 for 25 g) 
plus standard exit-site care. This high viscosity gel is a 
combination of 80% Medihoney Antibacterial Honey 

Control group 
(n=185)

Honey group 
(n=186)

Age (years) 62·1 (14·6) 61·2 (14·5)

Age (<18 years) 1 (<1%) 2 (1%)

Men 116 (63%) 108 (58%)

Ethnic origin*

White 143 (78%) 148 (80%)

Aboriginal or Torres Strait Islander 3 (2%) 2 (1%)

Maori or Pacifi c Islander 10 (5%) 5 (3%)

Asian 24 (13%) 24 (13%)

Other 4 (2%) 6 (3%)

Primary cause of end-stage kidney disease†

Diabetic nephropathy 41 (24%) 46 (27%)

Hypertensive nephrosclerosis 14 (8%) 8 (5%)

Chronic glomerulonephritis 36 (21%) 29 (17%)

Analgesic nephropathy 3 (2%) 5 (3%)

Polycystic kidney disease 14 (8%) 28 (16%)

Interstitial nephritis 6 (4%) 8 (5%)

Obstructive nephropathy 1 (<1%) 2 (1%)

Refl ux nephropathy 7 (4%) 10 (6%)

Renovascular disease 15 (9%) 9 (5%)

Other or unknown 35 (20%) 28 (16%)

Kidney transplant failure 6 (3%) 8 (4%)

Body-mass index (kg/m²) 27·5 (4·9) 27·1 (5·6)

Obese (body-mass index ≥30 kg/m²) 55 (30%) 48 (26%)

Systolic blood pressure (mm Hg) 132 (21) 136 (22)

Diastolic blood pressure (mm Hg) 76 (12) 77 (12)

Smoker*

Never 74 (40%) 77 (42%)

Former 91 (50%) 92 (50%)

Current 19 (10%) 16 (8%)

Diabetes mellitus 51 (28%) 64 (34%)

Ischaemic heart disease 47 (25%) 55 (30%)

Congestive heart failure 9 (5%) 13 (7%)

Cerebrovascular disease 21 (11%) 23 (12%)

Peripheral vascular disease 23 (12%) 29 (16%)

Haemoglobin (g/L) 114 (16) 115 (16)

Serum albumin (g/L) 35 (5) 35 (5)

Incident peritoneal dialysis‡ 38 (21%) 37 (20%)

Peritoneal dialysis as fi rst dialysis modality 138 (75%) 131 (70%)

Peritoneal dialysis modality*

Continuous ambulatory peritoneal dialysis 92 (50%) 86 (47%)

Automated peritoneal dialysis 92 (50%) 99 (53%)

(Continues on next page)
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(an ultrafi ltered, irradiated medical grade honey with 
standardised antibacterial activity obtained from 
Leptospermum sp mainly) and natural waxes and 
oils. In the control group, participants without nasal 
carriage of S aureus at baseline received standard 
exit-site care and underwent nasal swab screening 
every 6 months thereafter. Participants with nasal 
carriage of S aureus at initial or subsequent screens 
received 2% mupirocin ointment (Bactroban, 
GlaxoSmithKline, Melbourne, VIC, Australia) for 
self-application twice daily to both anterior nares for 
5 consecutive days each month plus standard exit-site 
care for the duration of the trial.

Follow-up
Participants underwent a medical review and inspection 
of the exit-site in accordance with the Twardowski 
classifi cation system every 2 months.28 The minimum 
and maximum follow-up durations were 12 months and 
24 months, respectively. The participants were followed 
up until either completion of peritoneal dialysis, 
completion of 24 months of follow-up, or the end of the 
study (June 16, 2012—ie, 12 months after the recruitment 
of the last participant), whichever came fi rst.

Statistical analysis
The primary effi  cacy endpoint was time to fi rst peritoneal-
dialysis-related infection (exit-site infection, tunnel 
infection, or peritonitis, whichever came fi rst). Exit-site 
infection was defi ned as a purulent discharge at the 
catheter exit site or presence of at least two of the 
following: erythema greater than 13 mm, induration, or 
tenderness. Peritonitis was defi ned as a cloudy effl  uent 
with a white cell count greater than 100 per mm³ (1 × 10⁸ 
per L) with at least 50% polymorphonuclear cells. Tunnel 
infection was defi ned as the presence of at least two of 
the following: induration, tenderness, or radiographic 
evidence of a collection along the subcutaneous pathway 
of the catheter.

The secondary effi  cacy endpoints were time to the 
individual components of the primary composite 
endpoint (exit-site infection, peritonitis, or tunnel 
infection), time to infection-associated catheter removal, 
death, and serious adverse events. The exploratory 
endpoints were the frequencies of the type of infective 
microorganisms and mupirocin-resistant S aureus.

Results are expressed as percentages for categorical 
variables, mean and SD for continuous normally 
distributed variables, and median and IQR for continuous 
non-normally distributed variables. The primary and 
secondary effi  cacy endpoints were analysed in accordance 
with the intention-to-treat principle. Kaplan-Meier survival 
curves by intervention group were generated for the 
primary and secondary effi  cacy outcomes. Survival curves 
were compared statistically using the log-rank test. 
Unadjusted hazard ratios (HRs) were estimated from Cox 
proportional-hazards regression models. The robustness 

of these estimates was assessed with prespecifi ed 
multivariable analyses adjusted for six baseline 
characteristics (incident or prevalent peritoneal dialysis, 
nasal carriage of S aureus, continuous ambulatory 
peritoneal dialysis or automated peritoneal dialysis, age 

Control group 
(n=185)

Honey group 
(n=186)

(Continued from previous page)

Carrier of nasal Staphylococcus aureus 41 (22%)§ 40 (22%)

Dialysate Kt/V per week 1·6 (0·6) 1·7 (0·6)

Residual renal Kt/V per week 0·8 (0·3–1·3) 0·8 (0·2–1·4)

Dialysate-to-plasma creatinine ratio at 4 h 0·69 (0·10) 0·68 (0·10)

Peritoneal membrane transport category¶

High 22 (14%) 11 (7%)

High average 78 (50%) 84 (55%)

Low average 52 (33%) 53 (35%)

Low 4 (3%) 5 (3%)

Neutral pH, low glucose degradation product solution 13 (7%) 9 (5%)

Exit site as per Twardowski classifi cation*

Perfect 92 (50%) 90 (49%)

Good 77 (42%) 77 (42%)

Equivocal 14 (8%) 16 (9%)

Acute infection 1 (<1%) 0

Data are number (%), mean SD, or median (IQR). Kt/ V=fractional urea clearance per week. *Data were missing for one 
to three participants per group. †Data were missing for 13 participants per group. ‡Commenced peritoneal dialysis for 
the fi rst time within 12 weeks of randomisation. §25 (17%) of 144 participants who were not carriers of nasal 
Staphylococcus aureus at baseline in the control group became carriers during follow-up. ¶Data were missing for 
29 participants in the control group and 33 in the honey group.

Table 1: Baseline characteristics of participants in the control and honey groups

Figure 1: Trial profi le

186 assigned to honey group
         183 received honey
               3 did not receive honey

185 assigned to control group
         185 received control treatment

124 discontinued honey
 21 renal transplant
 2 spontaneous recovery
 54 withdrew
 14 died
 32 transfer to haemodialysis
 1 lost to follow-up

93 discontinued control treatment
 11 renal transplant
 17 withdrew
 18 died
 44 transfer to haemodialysis
 3 lost to follow-up

186 included in efficacy analyses  185 included in efficacy analyses 

872 participants assessed for eligibility

501 excluded
 95 did not meet inclusion criteria
 276 declined to participate
 130 other reasons

371 randomly assigned
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≥65 years, diabetes mellitus, and obesity). Participants who 
were withdrawn from the trial without having a primary 
outcome event were censored in the survival analyses. 
Since the events of death, catheter removal, transfer to 
haemodialysis, renal transplant, and spontaneous recovery 
either prevent or alter the probability of occurrence of the 
three infections in the composite outcome, competing-
risks survival analyses were done to test the sensitivity of 
results to the presence of these informative events, also 
known as competing risks.29 Results for serious adverse 
events and infecting microorganisms are presented as 
incidence rates to adjust for unanticipated diff erences in 
follow-up in the two intervention groups.

The study was designed to have 80% statistical power 
to detect an increase in median infection-free survival 
from 18 months to 30 months (HR 0·6), assuming α is 
0·05, a recruitment period of 24 months, a minimum 
follow-up of 12 months, and an attrition rate of 2% per 
month (calculated with compounding, about 20% per 
year). Allowing for 10% of the individuals in the honey 
group to change to standard treatment by the end of the 

trial required an increase in study size by a factor of 1·23. 
The fi nal sample size was estimated to be 185 individuals 
per group (370 in total).

The trial is registered with Australian New Zealand 
Clinical Trials Registry, number 12607000537459.

Role of the funding source
None of the funding sources had any role in the study 
design, gathering, analysis, and interpretation of data, 
writing of the report, or decision to submit the report for 
publication.

Results
186 of 371 participants were assigned to the honey group 
and 185 to the control group. Table 1 shows the two 
groups were well matched with respect to all baseline 
characteristics, including nasal carriage of S aureus. In 
the control group, 134 and 72 participants completed 
12 months and 24 months of follow-up, respectively. At 
study termination, 20 participants who had not 
completed 24 months were censored. In the honey 

Figure 2: Kaplan-Meier survival curves for the control and honey groups
(A) Primary effi  cacy endpoint (composite of exit-site infection, tunnel infection, and peritonitis). (B) Peritonitis. (C) Exit-site infection. (D) Infection-associated 
catheter removal.
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group, 101 and 52 participants completed 12 months and 
24 months of follow-up, respectively. At study 
termination, ten participants who had not completed 
24 months were censored. In both groups, all participants 
who were censored at study termination had completed 
the minimum follow-up of 12 months. Median duration 
of follow-up was 18·7 months (IQR 11·2–22·2) in the 
control group and 13·1 months (4·6–21·8) in the honey 
group. More participants discontinued the intervention 
in the honey group than in the control group (124 [67%] 
of 186 vs 93 [50%] of 185; the main reason was withdrawal 
from the study (54 [29%] of 186 vs 17 [9%] of 185; fi gure 1; 
appendix p 5). The most common reason for withdrawal 
was participant’s or physician’s request (29 [54%] of 54 
and 12 [71%] of 17 in the honey and control groups, 
respectively). 11 (20%) participants in the honey group 
discontinued the honey because of a skin reaction.

170 (46%) of 371 participants—82 in the honey group 
and 88 in the control group—experienced the primary 
endpoint during the study. The median peritoneal-
dialysis-related infection-free survival times were not 
signifi cantly diff erent between the honey and control 
groups (16·0 months [IQR not estimable] vs 17·7 months 
[not estimable]; HR 1·12, 95% CI 0·83–1·51; p=0·47; 
fi gure 2A; appendix p 5). We noted similar fi ndings with 
the competing-risks survival analysis (1·06, 0·78–1·43; 
p=0·71; appendix p 5).

A signifi cant interaction was noted between treatment 
and diabetes mellitus in the prespecifi ed subgroup 
analysis—participants with diabetes who had peritoneal 
dialysis and received antibacterial honey had signifi cantly 
higher risks of the primary composite outcome (HR 1·85, 
95% CI 1·05–3·24; pinteraction=0·03; fi gure 3) and peritonitis 
(2·25, 1·16–4·36; pinteraction=0·002; appendix p 2). The risk of 
the primary composite endpoint in participants without 
diabetes in the honey group was similar to the control 
group (0·88, 0·61–1·28; fi gure 3), whereas the risk of 
peritonitis was lower (0·62, 0·38–1·00; appendix p 2). No 
signifi cant diff erences were noted in the primary 
composite endpoint between the honey and control groups 
in any of the other fi ve prespecifi ed subgroups (fi gure 3).

No diff erences were noted between the honey and 
control groups in the secondary effi  cacy endpoints time 
to fi rst peritonitis (HR 0·99, 95% CI 0·69–1·43; p=0·97), 
time to fi rst exit-site infection (1·30, 0·84–2·00; p=0·24), 
and time to infection-associated catheter removal (1·18, 
0·61–2·30; p=0·62; fi gure 2B–D; appendix p 5). The four 
tunnel infections were too few to permit a meaningful 
analysis.

Rates of exit-site infection (incident rate ratio 1·25, 
95% CI 0·88–1·79) and peritonitis (1·00, 0·73–1·37) were 
similar in the honey and control groups (appendix p 5).

The types of infecting organisms were similar in the 
two groups, although it was noted that culture-negative 
infections were more common in the honey group 
(appendix p 5). Mupirocin-resistant S aureus isolates 
were not detected in the 34 participants with infections in 

the antibacterial honey group, but were detected in two 
of 27 participants in the control group (p=0·1).

Overall, there were no signifi cant diff erences in serious 
adverse events and deaths between the honey and control 
groups (table 2). However, serious adverse events diabetes, 

Control group (n=185) Honey group (n=186) p value

Number 
of 
events

Exposure-
adjusted rate 
(events per 100 
patient-years)

Number 
of 
events

Exposure-
adjusted rate 
(events per 100 
patient-years)

All serious adverse events 327 131·8 298 150·7 0·1

Death 18 7·3 14 7·1 0·9

Life-threatening event 5 2·0 4 2·0 0·9

Initial or prolonged hospital admission 279 112·4 265 134·0 0·04

Disability 1 0·4 1 0·5 0·9

Congenital abnormality 0 ·· 0 ·· ··

Important medical event 24 9·7 14 7·1 0·4

Serious adverse events by system

Cardiovascular 50 20·1 27 13·7 0·1

Nervous 7 2·8 8 4·0 0·5

Diabetes, endocrine, reproductive 1 0·4 11 5·6 0·01

Gastrointestinal 31 12·5 20 10·1 0·5

Haematological 4 1·6 7 3·5 0·2

Hepatic 2 0·8 1 0·5 0·7

Musculoskeletal 14 5·6 6 3·0 0·2

Renal or dialysis complication 143 57·6 154 77·9 0·01

Respiratory 12 4·8 11 5·6 0·7

Other 29 11·7 32 16·2 0·2

Table 2: Serious adverse events by treatment group

Figure 3: Forest plot of the eff ect of honey on the primary effi  cacy endpoint by subgroups
HR=hazard ratio. CAPD=continuous ambulatory peritoneal dialysis. APD=automated peritoneal dialysis.
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and endocrine and reproductive systems were signifi cantly 
more common in the honey group than the control group 
(table 2). These events included hospital admissions for 
parathyroidectomy (seven in the honey group vs zero in the 
control group), uterine bleeding (one vs zero, respectively), 
and hypoglycaemia (three vs one, respectively). 11 (6%) 
participants withdrew from the study in the honey group 
because of local reactions (appendix p 5).

Discussion
Our results show that compared with standard exit-site 
care with additional nasal mupirocin for nasal carriage 
of S aureus, daily exit-site application of antibacterial 
honey resulted in similar rates of peritoneal-dialysis-
related infections in all participants, increased risks of 
both infection and peritonitis related to peritoneal 
dialysis in participants with diabetes, and higher rates of 
withdrawal from the study. 6% of participants in the 
honey group withdrew from the study because of local 
skin reactions. Mupirocin-resistant S aureus was only 
detected in only two participants in the control group 
and none in the honey group.

These results diff er slightly from those of an open-label 
randomised controlled trial of thrice-weekly exit-site 
application of antibacterial honey versus mupirocin in 
101 participants undergoing haemodialysis through 
tunnelled, cuff ed central venous catheters.21 Although 
honey was associated with similar rates of catheter-
associated bacteraemia and avoidance of mupirocin 
resistance compared with controls, local skin reactions 
were low (2%) in both the treatment and control groups 
and no participants discontinued study treatment.21 The 
diff erences in honey tolerability and discontinuation 
rates between Johnson and colleagues’ and our trials 
might be explained by methodological diff erences 
pertaining to catheter type (tunnelled, cuff ed central 
venous catheter vs peritoneal dialysis catheter, 
respectively), topical antibacterial honey administration 
frequency (thrice weekly vs daily), mupirocin use in the 
control group (all participants vs nasal carriers), 
intervention administration (nursing staff  vs self) and 
median follow-up (3 months vs 15 months).

The results of our study also diff er from those of a 
previously published meta-analysis of randomised 
controlled trials, showing that the use of topical honey 
was superior to other conventional and unconventional 
treatments for wound healing, maintenance of sterility, 
or eradication of infection in superfi cial burns and 
wounds.20 The disparity in results between this systematic 
review20 and our investigation most likely relates to key 
diff erences in trial design pertaining to application site 
(superfi cial wounds or burns vs peritoneal dialysis exit 
sites [non-wounds]), population (generally normal kidney 
function vs end-stage kidney disease), control treatment 
(polyurethane fi lm or amniotic membrane or potato peel 
or sulfadiazine silver vs mupirocin in nasal carriers), and 
outcome measures (wound healing vs prevention of 
peritoneal dialysis-related infection). So far the eff ect of 
antibacterial honey on prevention of peritoneal-dialysis-
related infections has not been assessed in any 
randomised controlled trial (panel).

Nasal application of mupirocin was chosen in 
preference to daily exit-site application in the current 
study because it was one of the key prophylactic strategies 
recommended by the ISPD guidelines;13 it was 
preferentially recommended for prevention of peritoneal-
dialysis-related infections by CARI;12 it was used in most 
of the peritoneal dialysis units in Australia at the 
inception of the HONEYPOT trial and therefore was 
standard care in the Oceania region;31 nasal carriage of 
S aureus is the major source of touch contamination of 
catheters in participants undergoing peritoneal dialysis;32 
and, when considering randomised trials of mupirocin 
versus no mupirocin prophylaxis in participants with 
peritoneal dialysis, there is at least similar evidence for 
the eradication of nasal carriage of S aureus with 
mupirocin.6,9,33 Further reasoning was that restriction of 
mupirocin exposure by targeting nasal carriage of 
S aureus would reduce the risk of mupirocin resistance. 

Panel: Research in context

Systematic review
According to the results of a 2001 meta-analysis of seven randomised controlled trials, 
honey was superior to antiseptics or systemic antibiotics, or both, for wound healing, 
maintenance of sterility, and eradication of infection.20 The results of a more recent 
systematic review of the eff ect of honey on the rate of healing of acute and chronic wounds 
was inconclusive.30 We systematically reviewed topical antimicrobial prophylaxis for 
prevention of infections in peritoneal dialysis. Relevant studies were identifi ed through 
electronic searches of Medline through Ovid and the Cochrane Central Register of Controlled 
Trials using a comprehensive search strategy. Nine trials of 954 participants were included in 
the systematic review (appendix pp 6–8). The trials were comparisons of nasal or exit-site 
mupirocin use with no treatment, oral rifampicin, placebo, topical neomycin, topical 
gentamicin, or topical polysporin triple ointment. Antibacterial use of honey was not 
assessed in any of the trials. Generally, the studies included had poor methodological quality. 
A quantitative meta-analysis could not be done because of substantial trial heterogeneity 
with respect to study treatment, nasal carriage of Staphylococcus aureus, follow-up duration, 
and risk of bias. Trial results are summarised in the appendix and provide inconclusive 
evidence for nasal mupirocin, exit-site mupirocin, and exit-site gentamicin prophylaxis. 
Harms, including antimicrobial resistance, have been studied poorly. Antibacterial honey, 
which has antimicrobial activity against a wide range of microorganisms (including those 
that are multiresistant) and has not been shown to induce antimicrobial resistance, has not 
been assessed in participants having peritoneal dialysis.

Interpretation
Despite increased risks of infections and infectious mortality in peritoneal dialysis, current 
guidelines for prevention of peritoneal-dialysis-related infections are limited by the fi ndings 
of a small number of randomised controlled trials showing uncertain benefi ts. To the best of 
our knowledge, the HONEYPOT study is the fi rst trial of antibacterial honey in peritoneal 
dialysis and the largest trial of topical antimicrobial prophylaxis for related infections. In this 
study, daily topical exit-site application of antibacterial honey was not superior to targeted 
nasal mupirocin prophylaxis in carriers of nasal S aureus and resulted in a high withdrawal 
rate. The fi ndings of this study do not support a role for antibacterial honey for preventing 
peritoneal-dialysis-associated infections.
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Nevertheless, the incidence of mupirocin-resistant 
S aureus was low in the current study. Other investigators 
have reported similar incidence of mupirocin-resistant 
S aureus isolates and treatment failures associated with 
mupirocin prophylaxis.14 By contrast, antimicrobial 
resistance to honey has not been reported despite 
substantial accumulated experience of honey use in 
wound infections, thereby making it a very attractive 
antimicrobial prophylaxis strategy.19

Although there was no signifi cant diff erence in the 
incidence of peritoneal-dialysis-related infections 
between antibacterial honey and standard exit-site care 
with additional nasal prophylaxis with mupirocin for 
nasal carriage of S aureus, it is noteworthy that honey 
seemed to aff ord inferior protection against infection 
and peritonitis related to peritoneal dialysis in 
participants with diabetes. The explanation for this 
treatment interaction is uncertain, and cannot be 
attributed to other characteristics of participants, such as 
obesity or nasal carriage of S aureus. Because these 
fi ndings are from a subgroup analysis (albeit 
prespecifi ed), they should be viewed as hypothesis 
generating only and therefore warrant further 
investigation. In the multivariable Cox proportional 
hazards regression analyses, the presence of diabetes 
mellitus was not associated with increased risks of 
primary or secondary outcomes (data not shown). 
Therefore, it is unlikely that the open-label study design 
contributed to the interaction with diabetes mellitus. It is 
possible that the subgroup results are due to a type 1 
statistical error. The fi nding of more diabetes, endocrine, 
and reproductive system serious adverse events in the 
honey group is judged too unreliable for statistical 
interpretation. Furthermore, since these events were 
predominantly associated with parathyroidectomy, they 
were not related to the study medication.

The other noteworthy fi nding in this trial was the fairly 
high rate of withdrawals of participants from the honey 
group (29%), which raises concerns about the feasibility 
of an infection prevention strategy of daily exit-site 
application of honey. Non-compliance and withdrawal of 
consent were the predominant causes of withdrawal 
listed as participant choice in both groups. All 
withdrawals listed as investigator choice were due to 
either recurrent infections or concurrent illness. Since 
detailed data for the causes of non-compliance or 
withdrawal of consent were not gathered, the ability to 
explain the unexpected high withdrawal rate in the honey 
group was severely hampered. The high rate might have 
been related partly to specifi c properties of the 
antibacterial honey gel (eg, moistness or stickiness). 
Although 20% of the participants withdrew due to local 
skin reactions, most withdrawals were the results of the 
participant’s or investigator’s desire to discontinue 
honey. 23 (43%) of 54 and seven (41%) of 17 participants 
from the honey and control groups, respectively, had a 
primary outcome before withdrawal (appendix p 5). The 

open-label study design might have contributed to the 
higher withdrawal rate in the honey group.

The strengths of this study include adequate sample 
size, involvement of several centres, and pragmatic study 
design similar to clinical practice. The main limitation of 
this study was its open-label design, which might have 
introduced observer and performance biases. Study 
withdrawal rate was higher in the honey group (29%), 
resulting in shorter follow-up.

In conclusion, the results of this trial indicate that 
honey cannot be routinely recommended for prevention 
of peritoneal-dialysis-related infections. The fi ndings 
might also have implications for the use of honey for the 
prevention of device-associated infections in general. In 
future studies of interventions to prevent peritoneal-
dialysis-related infections, randomisation should include 
stratifi cation for diabetes mellitus and consideration of a 
head-to-head comparison of nasal versus exit-site 
application of mupirocin.

Contributors
DWJ was the principal investigator; he conceived the idea for the study, 

participated in design and coordination, data analysis and interpretation 

of the results, helped to draft the manuscript, and read and approved the 

fi nal manuscript. SVB participated in design and coordination, data 

interpretation and analysis, drafting of the manuscript, and read and 

approved the fi nal manuscript. All other authors were members of the 

HONEYPOT Trial Management Committee; they participated in study 

design, data analysis and interpretation of results, read and commented 

on interim drafts, and approved the fi nal manuscript. The trial 

collaborators were lead investigators and study coordinators at local 

study sites. They participated in study design at the initial investigators’ 

meeting, oversaw local data gathering, and read and approved the fi nal 

manuscript.

Data and Safety Monitoring Board Department of Epidemiology and 

Preventive Medicine, Monash University, Melbourne, VIC, Australia 

(Andrew Forbes [statistician], Andrew Tonkin [chair]); Department of 

Medicine, University of British Columbia, Vancouver, BC, Canada 

(Adeera Levin); Centre for Nephrology, Royal Free and University College 

Medical School, London, UK (David C Wheeler).

Investigators Australia ACT: Canberra Hospital (Richard Singer, 

Patricia Johnson); NSW: Blacktown/Westmead Hospital (Kamal Sud, 

Susanne Rhodes, Penelope Murie), Concord Repatriation General 

Hospital (Meg Jardine, Jenny Burman), John Hunter Hospital 

(Alastair Gillies, Theresa Brown, Leanne Garvey), Liverpool Hospital 

(Michael Suranyi, Mary Wong), Royal North Shore Hospital 

(Bruce Cooper, Cheryl Macadam), Royal Prince Alfred Hospital 

(Paul Snelling, Jenny Burman, Samantha Hand), St George Hospital 

(Sharon Ong, Saiyini Pirabhahar), Wollongong Hospital 

(Maureen Lonergan, Margaret Wayne); QLD: Princess Alexandra 

Hospital (David Johnson, Carolyn van Eps, Amanda Coburn), Royal 

Children’s Hospital (Steven McTaggart, Joanne Jones); SA: Royal 

Adelaide Hospital (Stephen McDonald, Tony Elias, Monique Borlace), 

Queen Elizabeth Hospital (Stephen McDonald, Monique Borlace); TAS: 

Royal Hobart Hospital (Geoff rey Kirkland, Andrea Whittle); VIC: 

Austin Health (Kathy Paizis, Pascal Bisscheroux), Eastern Health 

Integrated Renal Service Box Hill Hospital (Lawrence McMahon, 

Annette Kent), Geelong Hospital (Rob MacGinley, Anthony Perkins), 

Monash Medical Centre (Fiona Brown, Jo Nandkumar), Royal 

Melbourne Hospital (Anastasia Chrysostomou), St Vincent’s Hospital 

(Robyn Langham, Julia Shao), Western Health (Vicki Levidiotis, 

Debra Broomfi eld); WA: Royal Perth Hospital (Ashley Irish, 

Pauline Coutts, Diana Khoo). New Zealand Auckland City Hospital 

(Janak de Zoysa, Maha Yehia, Grace Muyoma); Christchurch Hospital 

(David McGregor, Jenny Usher), Dunedin Hospital (John Schollum, 

Liz Berry), Waikato Hospital (Peter Sizeland, Sue Steel).

Project Management Team: Australasian Kidney Trials Network, Brisbane, 



Articles

8 www.thelancet.com/infection   Published online October 10, 2013   http://dx.doi.org/10.1016/S1473-3099(13)70258-5

QLD, Australia (Alicia Morrish, Elaine Pascoe, Peta-Anne Paul-Brent, 

Donna Reidlinger, Anish Scaria, Liza Vergara).

Confl icts of interest
DWJ is a consultant for Baxter Healthcare and has previously received 

research funds from the company; he has also received speakers’ honoraria 

and research grants from Fresenius Medical Care; he has previously been 

a consultant to Gambro and was the recipient of a Gambro Research Grant 

that partly funded the HONEYPOT trial. NI, CC, and DWJ received a 

Baxter Healthcare Renal Discoveries Extramural Program Grant that partly 

funded the HONEYPOT trial. DWJ is an International Society of 

Peritoneal Dialysis Councillor and is a current recipient of a Queensland 

Government Health Research Fellowship. AC is a consultant for and has 

received research funds from Baxter Healthcare, has received speakers’ 

honoraria from Fresenius Medical Care, and is a recipient of a National 

Health and Medical Research Council Principal Research Fellowship. 

CMH has received speakers’ honoraria and research grants from Fresenius 

Medical Care and has been a consultant to Fresenius Medical Care, and 

she has received research funds from Gambro and was the recipient of a 

Queensland Health Smart Health Research grant. The other authors 

declare that they have no confl icts of interest.

Acknowledgments
Baxter Healthcare (McGaw Park, IL, USA; Renal Discoveries Extramural 

Grant Program), Queensland Government (Smart State Health Grant), 

and Gambro (Baulkham Hills, NSW, Australia) provided funding for the 

HONEYPOT study. Antibacterial honey used in this study was provided 

free of charge by Comvita.

References
1 Jain AK, Blake P, Cordy P, Garg AX. Global trends in rates of 

peritoneal dialysis. J Am Soc Nephrol 2012; 23: 533–44.

2 Morton RL, Tong A, Webster AC, Snelling P, Howard K. 
Characteristics of dialysis important to patients and family caregivers: 
a mixed methods approach. Nephrol Dial Transplant 2011; 26: 4038–46.

3 Boudville N, Kemp A, Clayton P, et al. Recent peritonitis associates 
with mortality among patients treated with peritoneal dialysis. 
J Am Soc Nephrol 2012; 23: 1398–405.

4 Ghali JR, Bannister K, Brown FG, et al. Microbiology and outcomes 
of peritonitis in Australian peritoneal dialysis patients. Perit Dial Int 
2011; 31: 651–62.

5 Johnson DW, Dent H, Hawley CM, et al. Associations of dialysis 
modality and infectious mortality in incident dialysis patients in 
Australia and New Zealand. Am J Kidney Dis 2009; 53: 290–97.

6 Mupirocin Study Group. Nasal mupirocin prevents 
Staphylococcus aureus exit-site infection during peritoneal dialysis. 
J Am Soc Nephrol 1996; 7: 2403–08.

7 Strippoli GF, Tong A, Johnson D, Schena FP, Craig JC. Antimicrobial 
agents to prevent peritonitis in peritoneal dialysis: a systematic review 
of randomized controlled trials. Am J Kidney Dis 2004; 44: 591–603.

8 Xu G, Tu W, Xu C. Mupirocin for preventing exit-site infection and 
peritonitis in patients undergoing peritoneal dialysis. 
Nephrol Dial Transplant 2010; 25: 587–92.

9 Wong SS, Chu KH, Cheuk A, et al. Prophylaxis against gram-
positive organisms causing exit-site infection and peritonitis in 
continuous ambulatory peritoneal dialysis patients by applying 
mupirocin ointment at the catheter exit site. Perit Dial Int 2003; 
23 (suppl 2): S153–58.

10 Bernardini J, Piraino B, Holley J, Johnston JR, Lutes R. A 
randomized trial of Staphylococcus aureus prophylaxis in peritoneal 
dialysis patients: mupirocin calcium ointment 2% applied to the 
exit site versus cyclic oral rifampin. Am J Kidney Dis 1996; 
27: 695–700.

11 Bernardini J, Bender F, Florio T, et al. Randomized, double-blind 
trial of antibiotic exit site cream for prevention of exit site infection 
in peritoneal dialysis patients. J Am Soc Nephrol 2005; 16: 539–45.

12 The CARI guidelines. Evidence for peritonitis treatment and 
prophylaxis: prophylaxis for exit site/tunnel infections using 
mupirocin. Nephrology (Carlton) 2004; 9 (suppl 3): S86–S90.

13 Piraino B, Bernardini J, Brown E, et al. ISPD–position statement on 
reducing the risks of peritoneal dialysis-related infections. 
Perit Dial Int 2011; 31: 614–30.

14 Perez-Fontan M, Rosales M, Rodriguez-Carmona A, Falcon TG, 
Valdes F. Mupirocin resistance after long-term use for 
Staphylococcus aureus colonization in patients undergoing chronic 
peritoneal dialysis. Am J Kidney Dis 2002; 39: 337–41.

15 Pierce DA, Williamson JC, Mauck VS, Russell GB, Palavecino E, 
Burkart JM. The eff ect on peritoneal dialysis pathogens of 
changing topical antibiotic prophylaxis. Perit Dial Int 2012; 
32: 525–30.

16 Cooper RA, Molan PC, Harding KG. The sensitivity to honey of 
Gram-positive cocci of clinical signifi cance isolated from wounds. 
J Appl Microbiol 2002; 93: 857–63.

17 Kwakman PH, de Boer L, Ruyter-Spira CP, et al. Medical-grade 
honey enriched with antimicrobial peptides has enhanced activity 
against antibiotic-resistant pathogens. Eur J Clin Microbiol Infect Dis 
2011; 30: 251–57.

18 Merckoll P, Jonassen TO, Vad ME, Jeansson SL, Melby KK. 
Bacteria, biofi lm and honey: a study of the eff ects of honey on 
‘planktonic’ and biofi lm-embedded chronic wound bacteria. 
Scand J Infect Dis 2009; 41: 341–47.

19 Blair SE, Cokcetin NN, Harry EJ, Carter DA. The unusual 
antibacterial activity of medical-grade Leptospermum honey: 
antibacterial spectrum, resistance and transcriptome analysis. 
Eur J Clin Microbiol Infect Dis 2009; 28: 1199–208.

20 Moore OA, Smith LA, Campbell F, Seers K, McQuay HJ, Moore RA. 
Systematic review of the use of honey as a wound dressing. 
BMC Complement Altern Med 2001; 1: 2.

21 Johnson DW, van Eps C, Mudge DW, et al. Randomized, controlled 
trial of topical exit-site application of honey (Medihoney) versus 
mupirocin for the prevention of catheter-associated infections in 
hemodialysis patients. J Am Soc Nephrol 2005; 16: 1456–62.

22 Johnson DW, Clark C, Isbel NM, et al. The honeypot study protocol: 
a randomized controlled trial of exit-site application of medihoney 
antibacterial wound gel for the prevention of catheter-associated 
infections in peritoneal dialysis patients. Perit Dial Int 2009; 
29: 303–09.

23 Pascoe EM, Lo S, Scaria A, et al. The HONEYPOT randomized 
controlled trial statistical analysis plan. Perit Dial Int 2013; 
33: 426–35.

24 Thomson R, Miller J. Specimen collection, transport and 
processing: bacteriology. 8th edn. Washington, DC: American 
Society for Microbiology, 2003.

25 Jennison C, Turnbull BW. Group sequential methods with 
applications to clinical trials. New York, NY: Chapman and Hall/
CRC, 2000.

26 Pocock SJ. Clinical trials: a practical approach. Hoboken, NJ: 
John Wiley and Sons, 1984.

27 Pocock SJ, Simon R. Sequential treatment assignment with 
balancing for prognostic factors in the controlled clinical trial. 
Biometrics 1975; 31: 103–15.

28 Twardowski ZJ, Prowant BF. Classifi cation of normal and diseased 
exit sites. Perit Dial Int 1996; 16 (suppl 3): S32–50.

29 Gray RJ. A class of K-sample tests for comparing the cumulative 
incidence of a competing risk. Ann Statist 1988; 16: 1141–54.

30 Jull AB, Walker N, Deshpande S. Honey as a topical treatment for 
wounds. Cochrane Database Syst Rev 2013; 2: CD005083.

31 Badve SV, Hawley CM, Johnson DW. Adherence to guideline 
recommendations for infection prophylaxis in peritoneal dialysis 
patients. Nephrol Dial Transplant Plus 2009; 2: 508.

32 Luzar MA, Coles GA, Faller B, et al. Staphylococcus aureus nasal 
carriage and infection in patients on continuous ambulatory 
peritoneal dialysis. N Engl J Med 1990; 322: 505–09.

33 Davey P, Craig AM, Hau C, Malek M. Cost-eff ectiveness of 
prophylactic nasal mupirocin in patients undergoing peritoneal 
dialysis based on a randomized, placebo-controlled trial. 
J Antimicrob Chemother 1999; 43: 105–12.


	Antibacterial honey for the prevention of peritoneal-dialysis-related infections (HONEYPOT): a randomised trial
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Follow-up
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


