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♦  Background:  The impact of climatic variations on perito-
neal dialysis (PD)–related peritonitis has not been studied 
in detail. The aim of the current study was to determine 
whether various climatic zones influenced the probability 
of occurrence or the clinical outcomes of peritonitis.
♦  Methods:  Using ANZDATA registry data, the study 
included all Australian patients receiving PD between 
1  October 2003 and 31  December 2008. Climatic regions 
were defined according to the Köppen classification.
♦  Results:  The overall peritonitis rate was 0.59 episodes 
per patient–year. Most of the patients lived in Temperate 
regions (65%), with others residing in Subtropical (26%), 
Tropical (6%), and Other climatic regions (Desert, 0.6%; 
Grassland, 2.3%). Compared with patients in Temperate 
regions, those in Tropical regions demonstrated signifi-
cantly higher overall peritonitis rates and a shorter time to 
a first peritonitis episode [adjusted hazard ratio: 1.15; 95% 
confidence interval (CI): 1.01 to 1.31]. Culture-negative 
peritonitis was significantly less likely in Tropical regions 
[adjusted odds ratio (OR): 0.42; 95% CI: 0.25 to 0.73]; its 
occurrence in Subtropical and Other regions was compa-
rable to that in Temperate regions. Fungal peritonitis was 
independently associated with Tropical regions (OR: 2.18; 
95% CI: 1.22 to 3.90) and Other regions (OR: 3.46; 95% CI: 
1.73 to 6.91), where rates of antifungal prophylaxis were 
also lower. Outcomes after first peritonitis episodes were 
comparable in all groups.

♦  Conclusions:  Tropical regions were associated with a 
higher overall peritonitis rate (including fungal peritonitis) 
and a shorter time to a first peritonitis episode. Augmented 
peritonitis prophylactic measures such as antifungal ther-
apy and exit-site care should be considered in PD patients 
residing in Tropical climates.
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Peritonitis is a serious complication of peritoneal 
dialysis (PD), responsible for significant morbidity 

and accounting for 30% of technique failures and 21% 
of infectious deaths in Australian and New Zealand PD 
patients (1). Studies of organism-specific peritonitis 
(2–12) have not previously assessed the role of climatic 
variation in peritonitis and in its microbiologic causes. 
The temperature and humidity differences in individual 
climatic regions may influence the development of PD 
peritonitis by changing patient behavior and hygiene, 
distribution of normal skin flora, organism virulence, 
and the chance of contamination.

Previous studies attempting to demonstrate a rela-
tionship between changes in temperature and humidity 
and the occurrence of PD peritonitis have had conflicting 
outcomes (13–17). Those studies have been limited by 
small patient numbers, single-center sourcing, retro-
spective design, and sometimes inappropriate statistical 
analysis and a relatively narrow range of temperatures 
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and humidity in the studied regions, which were often 
within one climatic region, thereby possibly under
estimating the true effect of climatic variation. To date, 
no comprehensive, multicenter examination of the 
impact of climate on PD peritonitis has been reported.

Australia is in a unique position to evaluate the climate 
question because it encompasses a range of different cli-
matic regions. The aim of the present study was therefore 
to examine the effect of climatic regional variation on 
the risk, microbiology, treatment, and clinical outcomes 
of PD-associated peritonitis in all Australian PD patients, 
as recorded in the ANZDATA registry.

METHODS

STUDY POPULATION

The study included all Australian adult patients from 
the ANZDATA registry who were receiving PD between 
1 October 2003 (when detailed peritonitis data started 
to be collected) and 31  December 2008. The registry 
data include demographics, primary renal diseases, 
comorbidities at the start of dialysis, smoking status, 
body mass index (BMI), late referral (defined as com-
mencement of dialysis within 3 months of referral to a 
nephrologist), microbiology of peritonitis episodes (up 
to 3 organisms for polymicrobial episodes), and the initial 
and subsequent antibiotic treatment regimens.

Patients were analyzed according to the climatic re-
gion in which they resided, based on postal code. Climatic 
regions were defined as Desert, Grassland, Temperate, 
Subtropical, and Tropical according to the Köppen clas-
sification scheme used by the Australian Bureau of Meteo-
rology (http://www.bom.gov.au). Patients in the Desert 
and Grassland regions were grouped together as “Other” 
in view of the small numbers of patients and peritonitis 
episodes in the Desert climatic region and the similarity 
of patient characteristics between the Desert and Grass-
land groups. Center size was categorized according to 
quartiles of the numbers of patients receiving care in the 
individual units over the duration of the study: small (<7 
patients), small–medium (7 – 42 patients), medium–large 
(43 – 140 patients), and large (>140 patients). The data 
are collected throughout the calendar year by medical and 
nursing staff in each renal unit and are submitted annually 
to the ANZDATA registry by the end of March in the follow-
ing year. The Education and Occupation components of the 
Socio-Economic Indexes for Areas (SEIFA), based on 2006 
Australian Census data, were obtained from the Australian 
Bureau of Statistics website (http://www.abs.gov.au/)  
and merged with the ANZDATA dataset according to postal 
code for the patient’s residence.

Peritonitis was defined as clinical features of perito-
nitis (abdominal pain or cloudy dialysate) and dialysate 
leukocytosis (white blood cell count > 100 /μL with >50% 
neutrophils). Peritonitis rates were calculated accord-
ing to the standardized recommendations made by the 
International Society for Peritoneal Dialysis (ISPD) (18). 
All episodes of peritonitis that occurred while patients 
were receiving PD were divided by the total number of 
days that patients were receiving PD during a nominated 
time period (month, season, year, or study period) to 
yield a peritonitis rate expressed as episodes per patient–
year at risk. In keeping with the ISPD recommendations 
(18,19), relapsed peritonitis was counted as a single 
episode, and patients with a PD catheter in situ who were 
not receiving PD were not included in peritonitis rate 
calculations. All Australian units follow the ISPD (18) 
and Caring for Australasians with Renal Impairment PD 
guidelines (20–22).

The outcomes examined were peritonitis rate, 
peritonitis-free survival, microbiology, antimicrobial 
therapy, cure, relapse, peritonitis-associated hospi-
talization, catheter removal, temporary hemodialysis 
transfer (in which patients subsequently resumed PD), 
permanent hemodialysis transfer, and patient death. 
A peritonitis episode was considered “cured” by anti-
biotics alone if, at the end of treatment, the patient 
was symptom-free, the PD effluent was clear, and the 
episode was not subsequently complicated by relapse, 
catheter removal, or death. Peritonitis-related death 
was recorded if the patient’s death was directly attribut-
able to peritonitis in the clinical opinion of the treating 
nephrologist. In view of the complexities associated with 
the analysis of multiple events in individuals, in which 
the assumption of independence of observations is not 
appropriate, only first episodes of peritonitis in each 
individual were included when analyzing all outcomes  
except peritonitis rates.

STATISTICAL ANALYSIS

Results are expressed as frequencies and percent-
ages, mean ± standard deviation, or median with inter-
quartile range (25th – 75th percentile), as appropriate. 
Differences between groups were analyzed using the 
chi-square test for categorical data, analysis of vari-
ance for continuous normally distributed data, and 
the Kruskal–Wallis test for continuous non-normally 
distributed data. Peritonitis rates were compared using 
a Poisson regression analysis. Peritonitis-free survival 
was determined by Kaplan–Meier survival analysis and 
by multivariate Cox proportional hazards model analysis 
with backward stepwise elimination based on likelihood 
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ratio until the most parsimonious model was identified. 
Climatic region, age, sex, racial origin, BMI, estimated 
glomerular filtration rate (eGFR) at dialysis start, late 
referral, cause of end-stage renal failure, smoking status, 
comorbidities, peritoneal transport status, center size, 
and SEIFA were included in the model as covariates. 
The independent predictors of the clinical outcomes 
of peritonitis were determined by multivariate logistic 
regression. Climatic region, age, sex, racial origin, BMI, 
eGFR at dialysis start, late referral, cause of end-stage 
renal failure, smoking status, comorbidities, peritoneal 
transport status, center size, SEIFA, organism isolated, 
and initial empiric antibiotic regimen were included in 
the model as covariates. First-order interaction terms 
between the significant covariates were examined where 
appropriate. Data were analyzed using the PASW Statis-
tics for Windows software package (release 18.0: SPSS, 
North Sydney, Australia). Values of p less than 0.05 were 
considered statistically significant.

RESULTS

POPULATION CHARACTERISTICS

During the study period, 6610 patients received PD 
in Australia and were followed for 10 470 patient–years 
(mean follow-up: 1.58 years per patient). Table 1 depicts 
the characteristics of those patients. In this group, 
6213 episodes of peritonitis occurred in 3128 patients 
(47%; range: 1 – 15 episodes per patient). The overall 
rate of peritonitis was 0.59 episodes per patient–year 
of treatment (equivalent to 1 episode in 20.2 patient–
months).

Climatic region was unable to be determined in 62 
patients (1%) because of missing postal code data. For 
the remaining 6548 patients, 4236 (65%) lived in Tem-
perate regions (reference group), 1705 (26%) lived in 
Subtropical regions, 411 (6%) lived in Tropical regions 
and 196 (3%) lived in Other climatic regions (Desert, 42; 
Grassland, 154). Table 1 shows the baseline characteris-
tics of the patients by region.

Univariate analysis showed that, compared with 
patients living in Temperate and Subtropical regions, 
those living in Tropical and Other climatic regions were 
significantly more likely to be younger, current smok-
ers, and Aboriginal and Torres Strait Islander peoples. 
They were also more likely to have been referred late to 
a renal unit before dialysis, to have commenced dialysis 
at a lower eGFR, to have diabetes mellitus and diabetic 
nephropathy, to have a lower SEIFA score for education 
and occupation, and not to have a recorded baseline 
peritoneal transport status. Furthermore, patients in 

Tropical regions were significantly more likely to be 
female and to be receiving treatment at a larger PD unit. 
Using multivariate logistic regression, Tropical residence 
was independently associated with Aboriginal and Torres 
Strait Islander racial origin [adjusted odds ratio (OR): 
25.9; 95% confidence interval (CI): 18.7 to 35.9], lower 
eGFR at dialysis commencement (OR per mL/min/1.73 m2: 
0.89; 95% CI: 0.84 to 0.93), current cigarette smoking 
(OR: 1.54; 95% CI: 1.07 to 2.21), low transporter status 
(OR: 2.73; 95% CI: 1.60 to 4.66), and dialysis received at 
a medium–large (3rd-quartile) center (OR: 4.32; 95% CI: 
3.33 to 5.60, using the largest-center quartile as refer-
ence). Tropical residence was associated with lower odds 
of reflux nephropathy (OR: 0.27; 95% CI: 0.10 to 0.77).

OVERALL PERITONITIS RATES

When all peritonitis episodes were considered, the 
overall peritonitis rate was significantly higher in pa-
tients receiving PD in Tropical regions than in Temperate, 
Subtropical, and Other climatic regions (Table 2).

PERITONITIS-FREE SURVIVAL

Time to a first peritonitis episode was significantly 
shorter in patients living in Tropical regions than in 
Temperate, Subtropical, and Other climatic regions  
(Figure  1). Median (95% CI) peritonitis-free survival 
rates were 0.95 years (0.78 to 1.12 years), 1.66 years 
(1.55 to 1.77 years), 1.89 years (1.73 to 2.03 years), and 
1.31 years (0.90–1.72 years) respectively (log rank score 
46.8, p < 0.001). The 3-year peritonitis-free survival rates 
were 21%, 30%, 34%, and 26% respectively.

Using multivariate Cox proportional hazards model 
analysis, patients receiving PD in Tropical regions expe-
rienced a significantly shorter time to a first peritonitis 
episode (HR: 1.15; 95% CI: 1.01 to 1.31) than did patients 
receiving PD in Temperate regions (reference group). 
Peritonitis-free survival rates were comparable in the 
remaining climatic groups (Figure  2). The other inde-
pendent predictors of increased peritonitis hazard were 
Aboriginal and Torres Strait Islander racial origin (HR: 
1.49; 95% CI: 1.27 to 1.75, using white racial origin as 
reference), Maori and Pacific Islander racial origin (HR: 
1.28; 95% CI: 1.02 to 1.60, using white racial origin as 
reference), and a missing peritoneal transport status 
result (HR: 1.33; 95% CI: 1.19 to 1.49, using low-average 
transporters as reference). Center size showed an ef-
fect on peritonitis-free survival only for small–medium 
centers (2nd-smallest quartile), in which the hazard was 
significantly lower (HR: 0.74; 95% CI: 0.61 to 0.91, using 
the largest-center quartile as reference).
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TABLE 1 
Characteristics of Australian Patients Receiving Peritoneal Dialysis During the Study Period, 2003 – 2008,  

Overall and by Climatic Region

	 Patients	

	 By climatic region	
p

		  Characteristic	 Overall	 Other	 Temperate	 Subtropical	 Tropical	 Value

Patients (n)	 6548	 196	 4236	 1705	 411	
Mean age (years)	 59.0±16.9	 55.4±13.2	 59.5±16.8	 59.4±17.7	 54.4±14.7	 <0.001
Women [n (%)]	 2907 (44)	 91 (46)	 1851 (44)	 738 (43)	 227 (55)	 <0.001
Racial origin [n (%)]						    
	 White	 4957 (76)	 90 (46)	 3298 (78)	 1422 (83)	 147 (36)	 <0.001
	 ATSI	 521 (8)	 99 (51)	 92 (2)	 85 (5)	 245 (60)	
	 MPI	 159 (2)	 4 (2)	 115 (3)	 40 (2)	 0 (0)	
	 Asian	 631 (10)	 2 (1)	 516 (12)	 103 (6)	 70 (2)	
	 Other	 280 (4)	 1 (1)	 215 (5)	 55 (3)	 9 (2)	
Body mass index (kg/m2)	 26.0±5.4	 26.9±5.8	 25.8±5.2	 26.5±5.7	 26.1±5.7	 <0.001
Mean eGFR at dialysis start 
  (mL/min/1.73 m2)	 7.3±4.0	 6.2±3.1	 7.4±3.7	 7.6±5.0	 5.8±2.3	 <0.001
Late referral [n (%)]	 1501 (23)	 61 (31)	 972 (23)	 324 (19)	 144 (35)	 <0.001
Cause of ESRF [n (%)]						    
	 Chronic glomerulonephritis	 1800 (27)	 39 (20)	 1201 (28)	 456 (27)	 104 (25)	 <0.001
	 Diabetic nephropathy	 1936 (30)	 101 (52)	 1206 (28)	 444 (26)	 185 (45)	
	 Renovascular disease	 886 (14)	 12 (6)	 556 (13)	 278 (16)	 40 (10)	
	 Polycystic kidneys	 365 (6)	 8 (4)	 245 (6)	 103 (6)	 9 (2)	
	 Reflux nephropathy	 261 (4)	 6 (3)	 6 (4)	 66 (4)	 6 (1)	
	 Other	 868 (13)	 18 (9)	 577 (14)	 241 (14)	 32 (8)	
	 Unknown	 432 (7)	 12 (6)	 268 (6)	 117 (7)	 35 (9)	
Smoking status [n (%)]						    
	 Current	 801 (12)	 37 (19)	 485 (11)	 175 (10)	 104 (25)	 <0.001
	 Former	 2437 (37)	 74 (38)	 1528 (36)	 703 (41)	 132 (32)	
	 Never	 3310 (51)	 85 (43)	 2223 (52)	 827 (49)	 175 (43)	
Chronic lung disease [n (%)]	 913 (14)	 27 (18)	 573 (14)	 254 (19)	 53 (13)	 0.3
Coronary artery disease [n (%)]	 2339 (36)	 66 (34)	 1507 (36)	 624 (37)	 142 (35)	 0.8
Peripheral vascular disease [n (%)]	 1507 (23)	 45 (23)	 972 (23)	 390 (23)	 100 (24)	 0.9
Cerebrovascular disease [n (%)]	 890 (14)	 27 (14)	 592 (14)	 230 (13)	 41 (10)	 0.2
Diabetes mellitus [n (%)]	 2509 (38)	 117 (60)	 1559 (37)	 597 (35)	 236 (57)	 <0.001
Peritoneal transport status [n (%)]						    
	 High	 650 (10)	 15 (8)	 372 (9)	 225 (13)	 38 (9)	 <0.001
	 High-average	 2336 (36)	 51 (26)	 1557 (37)	 604 (35)	 124 (30)	
	 Low-average	 1439 (22)	 39 (20)	 947 (22)	 379 (22)	 74 (18)	
	 Low	 285 (4)	 11 (6)	 155 (4)	 85 (5)	 34 (8)	
	 Unknown or not specified	 1838 (28)	 80 (41)	 1205 (28)	 412 (24)	 141 (34)	
Center size [n (%)]						    
	 Small (<7 patients)	 44 (1)	 1 (1)	 3 (1)	 13 (1)	 0 (0)	 <0.001
	 Small–medium (7–42 patients)	 423 (7)	 13 (7)	 244 (6)	 164 (10)	 2 (0)	
	 Medium–large (43–140 patients)	 1444 (22)	 48 (24)	 885 (21)	 289 (17)	 222 (54)	
	 Large (>140 patients)	 4637 (71)	 134 (68)	 3077 (73)	 1239 (73)	 187 (45)	
SEIFAa	 978±77	 932±48	 985±81	 976±69	 939±55	 <0.001

ATSI = Aboriginal and Torres Strait Islander peoples; MPI = Maori and Pacific Islander peoples; eGFR = estimated glomerular 
filtration rate; ESRF = end-stage renal failure; SEIFA = Socio-Economic Indexes for Areas.
a	Index of Education and Occupation.
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MICROBIOLOGY OF FIRST PERITONITIS EPISODES

Table  3 summarizes the micro-organisms isolated 
during the study period from dialysate cultures during 
first episodes of peritonitis in the various climatic re-
gions. Dialysate cultures were significantly more likely 
to be negative in the Other climatic regions (Desert and 
Grassland) than in the remaining regions. Fungi were also 

more likely to be isolated from first peritonitis episodes 
in Tropical and Other climatic regions than in the Temper-
ate and Subtropical regions. Using multivariate logistic 
regression, culture-negative peritonitis was significantly 
less likely in Tropical regions (adjusted OR: 0.42; 95% CI: 
0.25 to 0.73); its occurrence in Subtropical and Other 
regions was comparable to that in Temperate regions. 

TABLE 2 
Summary of All Peritonitis Episodes in Australian Peritoneal Dialysis Patients During the Study Period, 2003 – 2008, 

Overall and by Climatic Region

	 Patients

	 By climatic region

		  Peritonitis parameter	 Overall	 Other	 Temperate	 Subtropical	 Tropical

Patients (n)	 6 548	 196	 4 236	 1 705	 411
Peritonitis episodes (n)	 6 183	 238	 3 936	 1 518	 491
Patient–years (pt–yrs) at risk	 10 388.16	 279.74	 6 851.51	 2 705.41	 551.55
Peritonitis episodes per pt–yr	 0.60	 0.85	 0.57	 0.56	 0.89
	 95% confidence interval	 0.58 to 0.61	 0.75 to 0.97	 0.56 to 0.59	 0.53 to 0.59	 0.81 to 0.97
Incidence rate ratio	 —	 1.48	 Reference	 0.97	 1.55
	 95% confidence interval		  1.30 to 1.69		  0.92 to 1.04	 1.41 to 1.70

Figure 1 — Kaplan–Meier survival curve for peritonitis-free 
survival for all Australian patients receiving peritoneal dialysis 
between 1 October 2003 and 31 December 2008, according to 
climatic region. The difference between the groups was statisti-
cally significant (log rank score: 46.8; p < 0.001).

Figure 2 — Cox-adjusted survival curve for peritonitis-free 
survival for all Australian patients receiving peritoneal dialysis 
between 1  October 2003 and 31  December 2008, according 
to climatic region. Compared with temperate-region patients 
(reference group), tropical-region patients experienced a 
significantly shorter time to a first peritonitis episode (hazard 
ratio: 1.18; 95% confidence interval: 1.05 to 1.34).
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Fungal peritonitis was independently associated with 
Tropical regions (OR: 2.18; 95% CI: 1.22 to 3.90, using 
Temperate as reference) and Other regions (OR: 3.46; 
95% CI: 1.73 to 6.91).

INITIAL EMPIRIC ANTIBIOTIC TREATMENT OF FIRST 
PERITONITIS EPISODES

Most patients with peritonitis were treated initially 
with either intraperitoneal vancomycin or cephazolin 
in combination with gentamicin (Table  4). Compared 
with PD patients residing in Temperate and Subtropical 
regions, those residing in Tropical and Other climatic 
regions were significantly more likely to be treated 
empirically with 1st-generation cephalosporins in com-
bination with 3rd- or 4th-generation cephalosporins 
than with aminoglycosides. Patients in Tropical re-
gions were also significantly more likely to be treated 
empirically with vancomycin in combination with  
an aminoglycoside.

In terms of adjunctive therapy for peritonitis, heparin 
was significantly less likely to be added to PD exchanges 
for patients living in Tropical and Other climatic regions 
than for those living in Temperate and Subtropical 
regions (Table  5). Moreover, patients in Subtropical 
regions were significantly less likely than those in all 
other groups to be co-prescribed antifungal prophylaxis, 
primarily nystatin (Table 5). No significant differences in 

the administration of thrombolytic agents was observed 
between the groups (Table 5).

OUTCOMES OF FIRST PERITONITIS EPISODES

Table 6 shows the outcomes of first peritonitis epi-
sodes according to climatic region. In general, outcomes 
were comparable in all the groups. One exception was a 
significantly lower hospitalization rate for peritonitis 
episodes in Tropical regions. Using multivariate logistic 
regression, living in a Tropical region, compared with 
living in a Temperate region (reference group), was 
independently predictive of a lower probability of hos-
pitalization (OR: 0.42; 95% CI: 0.28 to 0.61).

No other significant independent associations were 
observed between climatic region and the outcomes of 
either catheter removal or interim or permanent hemo-
dialysis transfer (data not shown). The events for death 
and relapse were too small in number to permit adequate 
statistical analysis.

DISCUSSION

The present study represents the first detailed exami-
nation to date of the effects of climatic region on the 
frequency and clinical outcomes of PD-related peritonitis. 
Its key findings are that PD patients residing in Tropical 
regions experience higher overall peritonitis rates and 

TABLE 3 
Micro-organisms Isolated from Dialysate Cultures During First Episodes of Peritonitis in Australian Peritoneal  

Dialysis Patients During the Study Period, 2003 – 2008, Overall and by Climatic Region

	 First episodes of peritonitis [n (% of total)]	

	 By climatic region

	 Overall	 Other	 Temperate	 Subtropical	 Tropical	 p
	 Micro-organism	 (n=3108)	 (n=98)	 (n=2010)	 (n=771)	 (n=229)	 Value

Culture-negative	 441 (14)	 27 (28)	 286 (14)	 107 (14)	 21 (9)	 0.001
Gram-positive	 1665 (54)	 46 (47)	 1081 (54)	 416 (54)	 122 (53	 0.7
Staphylococcus aureus	 388 (12)	 13 (13)	 248 (12)	 94 (12)	 33 (14)	 0.7
CNS	 785 (25)	 17 (17)	 512 (25)	 202 (26)	 54 (24)	 0.4
Streptococcus	 280 (9)	 7 (7)	 176 (9)	 76 (10)	 21 (9)	 0.5
Enterococcus	 126 (4)	 8 (8)	 83 (4)	 29 (4)	 6 (3)	 0.2
Corynebacterium	 58 (2)	 0 (0)	 47 (2)	 10 (1)	 1 (0)	 0.08
Pseudomonas	 165 (5)	 5 (5)	 97 (5)	 52 (7)	 11 (5)	 0.4
Non-pseudomonal gram-negative	 763 (25)	 17 (17)	 510 (25)	 179 (23)	 57 (25)	 0.3
Fungus	 122 (4)	 10 (10)	 69 (3)	 27 (4)	 16 (7)	 0.001
Mycobacterium	 11 (0)	 0 (0)	 6 (0.3)	 3 (0.4)	 2 (0.9)	 0.7
Polymicrobial	 381 (12)	 13 (13)	 236 (12)	 108 (14)	 24 (10)	 0.5

CNS = coagulase-negative Staphylococcus.
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shorter times to a first peritonitis episode, even after 
adjustment for differences in demographic and clinical 
factors. Furthermore, Tropical and Other (Desert and 
Grassland) climatic regions are associated with higher 
rates of fungal peritonitis, and culture-negative peritoni-
tis is significantly less likely to occur in Tropical regions. 
The initial empiric antibiotics prescribed for peritonitis 
also differed by climatic region, with patients from Tropi-
cal regions being more likely to receive treatment with 
vancomycin in combination with an aminoglycoside or 
a 1st-generation cephalosporin in combination with 
a 3rd- or 4th-generation cephalosporin. Moreover, in 

spite of higher rates of fungal peritonitis, antifungal 
chemoprophylaxis was less commonly used in Tropical 
and Other climatic regions than in Subtropical regions. 
Nevertheless, outcomes after a first peritonitis episodes 
were comparable across all climatic regions.

Increased episodes of peritonitis in warmer climatic 
conditions have been reported by a number of earlier 
single-center studies (13,14,16). In a study of 80 PD 
patients in a Brazilian centre, Alves et al. (16) ob-
served significantly higher rates of PD catheter-related  
infections during months with a mean maximal tempera-
ture of 32°C or more than during months with a mean 

TABLE 4 
Initial Empiric Antibiotics Administered in First Episodes of Peritonitis in Australian Peritoneal Dialysis Patients 

During the Study Period, 2003 – 2008, Overall and by Climatic Region

	 First episodes of peritonitis [n (%)]a

	 By climatic region

	 Overall	 Other	 Temperate	 Subtropical	 Tropical
	 Antibiotic combination	 (n=3108)	 (n=98)	 (n=2010)	 (n=771)	 (n=229)

1st-Gen. cephalosporin + aminoglycoside	 1103 (35)	 6 (6)	 799 (40)	 291 (38)	 7 (3)
1st-Gen. cephalosporin + 3rd-/4th-gen. cephalosporin	 487 (16)	 42 (43)	 287 (14)	 100 (13)	 58 (25)
1st-Gen. cephalosporin + other gram-negative antibioticb	 33 (1)	 2 (2)	 97 (1)	 13 (2)	 1 (0)
Vancomycin + aminoglycoside	 1039 (33)	 21 (21)	 686 (34)	 209 (27)	 123 (54)
Vancomycin + 3rd-/4th-gen. cephalosporin	 65 (2)	 6 (6)	 42 (2)	 14 (2)	 3 (1)
Vancomycin + other gram-negative antibioticb	 238 (8)	 10(10)	 101 (5)	 106 (14)	 21 (9)
Other gram-positive antibioticc + aminoglycoside	 65 (2)	 1 (1)	 44 (2)	 14 (2)	 6 (3)
Other gram-positive antibioticc + 3rd-/4th-gen. cephalosporin	 10 (0)	 1 (1)	 3 (0)	 4 (3)	 2 (1)
Other gram-positive antibioticc + other gram-negative antibioticb	 68 (2)	 9 (9)	 31 (3)	 20 (3)	 8 (3)

Gen. = generation.
a	The differences between groups were statistically significant (p ≤ 0.001).
b	Other gram-negative antibiotics include (in decreasing order of frequency): ciprofloxacin, cotrimoxazole, metronidazole, 

erythromycin, aztreonam, and fleroxacin.
c	 Other gram-positive antibiotics include (in decreasing order of frequency): flucloxacillin, ampicillin, dicloxacillin, teicoplanin, 

amoxicillin, and erythromycin.

TABLE 5 
Adjuvant Therapy Administered During First Episodes of Peritonitis in Australian Peritoneal Dialysis Patients  

During the Study Period, 2003 – 2008, Overall and by Climatic Region

	 First episodes of peritonitis [n (%)]	

	 By climatic region	

	 Overall	 Other	 Temperate	 Subtropical	 Tropical	 p
	 Adjuvant treatment	 (n=3108)	 (n=98)	 (n=2010)	 (n=771)	 (n=229)	 Value

Heparin	 683 (22)	 15 (15)	 477 (24)	 154 (20)	 37 (16)	 0.006
Thrombolytic agent	 10 (0.3)	 0 (0)	 9 (0.4)	 0 (0)	 1 (0.4)	 0.3
Antifungal prophylaxis	 288 (9)	 8 (8)	 187 (24)	 25 (11)	 68 (3)	 <0.001
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temperature below 28°C. Similarly, Kim et al. (13) and 
Szeto et al. (14) found that the occurrence of perito-
nitis paralleled temperature and relative humidity in a 
Korean center and a Hong Kong center respectively. In 
contrast, Chan et al. (17) could not find evidence of an 
association between relative humidity and peritonitis 
in 239 PD patients over 4.5 years at another Hong Kong 
center. Unfortunately, the findings of the foregoing 
studies are potentially limited by their single-center 
nature, often within a single climatic zone. In some 
cases, inappropriate statistical analyses were also used 
to compare peritonitis rates, leading to uncertainty  
regarding the findings.

Recently, an observational cohort study involv-
ing 2032 patients from 114 dialysis centers in Brazil  

(BRAZPD) observed significantly higher peritonitis rates 
in the warmest (northeast) part of the country, even after 
adjustment for other demographic, clinical, and educa-
tional factors (23). Those findings, together with the 
results of the present study, suggest that Tropical climate 
may substantially increase the risk of PD peritonitis.

Like the BRAZPD study (23), the present investigation 
also observed an increased hazard of peritonitis in non-
white races. However, unlike BRAZPD, the present study 
did not find an association between educational level and 
peritonitis risk. This apparent disparity may relate to our 
use of an education and occupation index based on postal 
code rather than of individual data (as in the BRAZPD 
study). Alternatively, the universal free education system 
in Australia may have mitigated the impact of education 

TABLE 6 
Clinical Outcomes of First Episodes of Peritonitis in Australian Peritoneal Dialysis Patients  

During the Study Period, 2003 – 2008, Overall and by Climatic Region

	 First episodes of peritonitis	

	 By climatic region	

			   Overall	 Other	 Temperate	 Subtropical	 Tropical	 p
			   Outcome	 (n=3108)	 (n=98)	 (n=2010)	 (n=771)	 (n=229)	 Valuea

Cure with antibiotics [n (%)]	 2439 (79)	 72 (79)	 1582 (79)	 608 (79)	 177 (77)	 1.0
Relapse [n (%)]	 44 (1)	 2 (2)	 26 (1)	 10 (1)	 6 (3)	 0.4
Hospitalization [n (%)]	 2238 (72)	 65 (66)	 1483 (74)	 560 (73)	 130 (57)	 <0.001
	 Duration (days)						    
		  Median	 6	 5	 6	 6	 6	 0.4
		  IQR	 3–11	 3–9.5	 3–12	 3–11	 3–12	
Catheter removal [n (%)]	 566 (18)	 20 (20)	 372 (19)	 129 (17)	 45 (20)	 0.6
	 Time to removal (days)						    
		  Median	 6	 5.5	 7	 6	 8	 0.7
		  IQR	 3–12	 2.25–18.5	 3–12	 3–11	 3–14	
Temporary hemodialysis [n (%)]	 103 (3)	 6 (6)	 70 (3)	 18 (2)	 9 (4)	 0.2
	 Time to switch (days)						    
		  Median	 6	 6.5	 7	 6	 8	 0.7
		  IQR	 3–10	 2–8	 3–12	 3–11	 3–14	
	 Duration (days)						    
		  Median	 67	 77	 67.5	 69.5	 53	 0.5
		  IQR	 21–103	 35.75–130	 22–100.75	 9.25–151.25	 15.5–67.5	
Permanent hemodialysis [n (%)]	 474 (15)	 15 (15)	 300 (15)	 123 (16)	 36 (16)	 0.9
	 Time to occurrence (days)						    
		  Median	 7	 7	 7	 6	 6	 0.6
		  IQR	 4–13	 3–21	 4–13	 4–11	 4–11	
Death [n (%)]	 55 (2)	 1 (1)	 36 (2)	 15 (2)	 3 (1)	 0.9
	 Time to death (days)						    
		  Median	 8	 —b	 7.5	 9	 —b	 1.0
		  IQR	 2–22		  3.25–21.75	 1–30		

IQR = interquartile range (25th – 75th percentile).
a	Differences between groups were assessed by chi-square test or Kruskal–Wallis test, as appropriate.
b	Unable to provide a median because of the small number of deaths in this group.
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status on peritonitis risk. Moreover, although the BRAZPD 
study found a significantly higher risk of peritonitis in 
the smallest centers, a parallel risk was not observed 
in Australia. Indeed, the second-smallest quartile of 
center sizes was associated with a significantly lower 
peritonitis risk. That finding may reflect operational 
inefficiencies associated with very large centers, leading  
to poorer performance.

Finally, our study observed an increased risk of peri-
tonitis in patients with missing peritoneal equilibra-
tion test results. That finding may reflect unmeasured 
associated factors, such as patient noncompliance, 
distance of patient residence from the PD unit, or periods 
of ill health.

An association between climatic conditions (such as 
temperature and humidity) and PD peritonitis rates is 
biologically plausible because hot and humid climates 
promote skin perspiration and may influence human 
behavior, such that people living in Tropical regions may 
be more likely to participate in outdoor activities such 
as swimming in oceans or waterholes. Furthermore, 
humid environments can also enhance the growth and 
persistence of bacteria on dialysis tubing and other 
environmental reservoirs (24).

In the present study, residence in a Tropical, Desert, 
or Grassland region was found to significantly and 
specifically heighten the risk of fungal peritonitis by a 
factor of approximately 2 – 3. Fungi are widely found in 
human environments, being part of the normal flora of 
the skin and mucosa, but these organisms can become 
pathogenic under certain conditions. The strongest risk 
factors for fungal peritonitis in PD patients—prolonged 
use of antibiotics and previous bacterial peritonitis—
have already been recognized (10,25). Our study suggests 
that climates with high ambient temperatures may also 
represent an important risk factor for fungal peritonitis. 
Higher temperatures may directly affect the virulence of 
Candida species, responsible for most fungal peritonitis 
in Australia (10), by promoting the development of tu-
bular, branching-type hyphal cells that facilitate deep 
penetration into human tissues rather than the unicel-
lular budding yeast state (26). The ensuing heightened 
risk of peritonitis may be further compounded by lower 
rates of co-prescription of antifungal prophylaxis in 
Tropical (11%) and Other climatic regions (8%) com-
pared with Subtropical regions (24%). A previous ran-
domized controlled trial by Lo et al. (27) showed that 
antifungal prophylaxis during all courses of antibiotics 
prolonged the time to Candida peritonitis. More recently, 
another randomized controlled trial (28) of fluconazole 
200 mg every 48 hours during all courses of antibiot-
ics (compared with no fluconazole in a control group) 

demonstrated significant reductions in fungal peritonitis  
(p  = 0.0051). Consequently, the ISPD guidelines rec-
ommend that fungal prophylaxis during antibiotic 
therapy may prevent some cases of Candida peritonitis 
in programs that have high rates of fungal peritonitis. 
Based on the findings of the present investigation, we 
suggest that the practice of prophylaxis should extend 
to hot climates, such as in Tropical regions. However, we 
cannot exclude the possibility that differences in choice 
of empirical antibiotic therapy of peritonitis between 
the various climatic regions may have influenced the 
subsequent risk of fungal peritonitis.

Interestingly, we also observed a lower incidence of 
culture-negative peritonitis in Tropical climatic regions. 
That finding does not appear to be attributable to infec-
tion caused by unusual or highly virulent organisms in 
non-Tropical regions, because we observed no significant 
differences in the clinical outcomes of first peritonitis 
episodes between the various climatic zones. Although 
hospitalization rates were lower in Tropical regions, rais-
ing the possibility of clinically milder peritonitis episodes 
in those areas, the difference persisted after adjustment 
for demographic, socio-economic, facility, and clinical 
factors (including causative organism and empiric antibi-
otic regimen). Whether the findings for culture-negative 
peritonitis according to climatic region reflect regional 
differences in recent antibiotic exposure, sample collec-
tion, or culture methods cannot be addressed because the 
ANZDATA registry does not collect that information.

The strengths of the present study include its very 
large sample size and inclusiveness. We included all pa-
tients receiving PD in Australia during the study period, 
such that a variety of centers with varying approaches 
to the microbiologic diagnosis and treatment of perito-
nitis were included. That inclusiveness greatly enhanced 
the external validity of our findings. Those strengths 
should be balanced against the study’s limitations, which 
include limited depth of data collection. The ANZDATA 
registry does not collect certain important information 
such as the presence of concomitant exit-site and tun-
nel infections, antimicrobial susceptibilities of isolated 
micro-organisms, patient compliance, patient living 
conditions, individual unit management protocols and 
practices (including fungal prophylaxis), duration of 
cloudy dialysate, laboratory values (such as C-reactive 
protein and dialysate white cell counts), severity of 
comorbidities, PD modality (ambulatory or continuous 
ambulatory PD) at time of peritonitis, disconnect systems 
used, prescribed PD dialysate (especially icodextrin), 
antibiotic dosages or routes of antibiotic administration, 
peritoneal dialysate sampling and culture methodology, 
or previous antibiotic exposure for any indication. Even 
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though we adjusted for a large number of patient charac-
teristics, the possibility of residual confounding cannot 
be excluded. In common with other registries, ANZDATA 
is voluntary, and no external audit of data accuracy is 
undertaken, including for the diagnosis of peritonitis. 
Consequently, the possibility of coding or classification 
bias cannot be excluded.

CONCLUSIONS

The present study represents the largest investigation 
to date and the first comprehensive multicenter examina-
tion of the effects of climatic region on the risk, microbi-
ology, treatment, and clinical outcomes of PD-associated 
peritonitis. The findings clearly demonstrate that PD 
patients living in Tropical areas experienced higher over-
all peritonitis rates (particularly fungal peritonitis) and 
shorter times to a first peritonitis episode. Augmented 
peritonitis prophylactic measures—such as antifungal 
therapy and more intensive exit-site care—should be 
considered in PD patients residing in Tropical climates.
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