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 Abstract 

Aim: Examine the incidence of suspected and proven infections, the range of infections, 

antimicrobial use, hospital admissions in kidney transplant recipients in southern Tasmania.  

Method: An audit of the medical records of kidney transplant recipients managed by the 

Royal Hobart Hospital for the period 1st of January 2015 to 31st of December 2016. Data was 

collected on positive microbiological investigations, antimicrobial use and hospital 

admissions. 

Results: Of the 151 evaluable kidney transplant recipients, there were 339 episodes of 

suspected infection in 95 (63%) patients with a preponderance of urinary tract infections. 

Overall these 95 kidney transplant recipients received a total of 249 courses of 

antimicrobials, with predominantly monotherapy (n=101, 65%). There were eleven vaccine 

preventable infections, including herpes zoster (n=7), Influenza A (n=3) and invasive 

pneumococcal disease (n=1). Hospitalisation was required for 50 infectious episodes, for a 

total of 227 admitted bed days (median 4; IQR 2-7; range 1-18 days). 

Conclusion: In conclusion, episodes of infection, hospitalization, antimicrobial use and 

development of multi-resistant organisms are common following kidney transplantation in 

this southern Tasmanian cohort. This study has identified several areas of focus for improved 

patient care including antimicrobial management of urinary tract infections, implementation 

of programmes to vaccinate KTx prior to transplantation, and development of transplantation 

specific antimicrobial stewardship programmes.   
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Main Text 

Introduction 

With rising rates of end-stage kidney disease, renal replacement therapy, including dialysis 

and kidney transplantation, is becoming increasingly prevalent. In 2017, kidneys were the 

most frequently transplanted organ in Australia with 832 transplants performed1. Kidney 

transplant recipients (KTx) are highly susceptible to infections, of which the most common 

are urinary tract infections2-5. Parasuraman et al6 suggest the high risk of infection seen in 

KTx was due to a complex relationship between the net state of immunosuppression and 

epidemiological exposure to infection. To that effect, infections in the KTx population may 

have significant consequences, including graft rejection and death7,8.  

 

The 2009 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice 

Guidelines for the Care of Kidney Transplant Recipients provides evidence-based 

recommendations for the prevention and management of infections arising in the KTx 

population9. Despite being published nearly a decade ago; infections remain a highly 

prevalent issue. 

 

With the continued emergence of antimicrobial resistance, it is more important than ever that 

the management of infections in KTx are consistent with contemporary evidence-based 

guidelines. To assess our current management of infectious complications in KTx, we 

evaluated the prevalence and type of infections, hospital admissions and antimicrobial use in 

the southern Tasmanian renal transplant population. 

 

Methods 

Population 

A retrospective audit of patients receiving care at the Royal Hobart Hospital following renal 

transplantation (including kidney-pancreas transplantation) was undertaken over a 2-year 

period, 1st of January 2015 to 31st of December 2016. Details of microbiology testing, test 

results, antimicrobial use and indication, and hospital admissions were recorded from patient 

electronic medical records.  
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Positive results from active surveillance cultures or testing, including rectal and nasal swabs 

for carriage of multi-resistant organisms and urine for asymptomatic bacteriuria were 

recorded but excluded from analysis of infections. 

 

 Definitions  

Infections were defined using the Centre for Disease Control and the National Healthcare 

Safety Network Guidelines10. Cytomegalovirus (CMV) disease was defined according to 

American Society of Transplantation criteria11. BK virus associated nephropathy was defined 

according to the American Society of Transplantation definitions12. Primary renal disease 

categories were assigned based on International Statistical Classification of Diseases – 10 

(ICD-10)13. Patients lost to follow up, defined as no attendance to clinic during the study 

period.  

  

Unit Prophylaxis Regimens 

Prophylaxis of infections follows the KDIGO guidelines9. CMV prophylaxis was determined 

pre-transplant based on recipient CMV-IgG status. All CMV seropositive recipients received 

3 months valganciclovir prophylaxis, regardless of donor status, whilst CMV seropositive 

donor to CMV seronegative recipients receive 6 months valganciclovir prophylaxis. All KTx 

received at least 6 months of trimethoprim-sulphamethoxazole immediately post-transplant 

and for at least 6 weeks after treatment for acute rejection to prevent Pneumocystis jirovecii 

pneumonia. Antimicrobials prescribed for prophylaxis were excluded from the analysis. 

 

Statistical Analysis 

Statistical analysis was conducted using Stata 15 software (StataCorp, USA). Categorical 

variables were assessed using Chi-squared or Fisher’s exact test and were considered 

significant if p<0.05. This study was approved by the Tasmanian Health and Medical 

Research Ethics Committee (approval: H0016339)  with informed patient consent waived. 

 

Results     

Population 

This article is protected by copyright. All rights reserved.



The southern Tasmanian KTx population comprised 162 living patients on the 1st of January 

2015 (Figure 1). Eleven patients were lost to follow up (8%). Twenty patients (12%) 

received their transplant during the study had a follow up range of 4 to 718 days (median 

436; IQR 242 – 625). One hundred and thirty-one patients (86.75%) received their transplant 

greater than 24 months prior to the study, with a range of 734 to 12 418 days (median 2831; 

IQR 1686 - 4623). Six patients died during the study, one as a result of sepsis.  

 

There were 151 evaluable KTx of which 63 (42%) were female and had an average age of 

52.6 years at transplantation (Table 1). Seventy-one (47%) received transplants from living 

donors, 66 (43.7%) from deceased donors, 10 (6.6%) received kidney-pancreas transplants 

and the recipient status was unknown in four (2.7%) patients. One hundred and twenty-seven 

(84%) patients received their first transplant, 22 (14.6%) received their second transplant and 

2 (1.3%) received their third transplant. The most frequent cause of kidney failure by primary 

renal disease category was glomerulonephritis (n=50, 38%) and forty-five patients (29.8%) 

had diabetes. The average human leuckocyte antigen(HLA) mismatches in the KTx group 

investigated for infections and without was 3.3 and 3 respectively. Most patients (n=142, 

98%) received a calcineurin inhibitor, antimetabolite and prednisolone as part of their initial 

immunosuppression regimen. Two patients (1.4%) did not receive a calcineurin inhibitor. 

The most common calcineurin inhibitor used was tacrolimus (n=131, 91%) and the most 

common anti-metabolite used was mycophenolate mofetil (n=142, 98%). The most common 

immunosuppression regimen (n=65, 45%) provided was tacrolimus, mycophenolate mofetil 

and prednisolone.  

 

Infectious Episodes 

Of the 151 KTx, 95 (62%) underwent investigations for infection, with a total of 339 

episodes investigated, including asymptomatic and symptomatic infections, during the 2-year 

study period. The rate of suspected infections in the 2-year study period was 2.2 episodes per 

patient. Of the patients who were investigated for infectious episodes, fifty-eight (61%) were 

investigated for more than 1 episode. Patients who received their transplant less than 24 

months prior to the study had a rate of 1.9 infectious episodes per patient per year. There 
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were 20 infectious episodes investigated in patients who received their transplant less than 12 

months prior to the study, which were predominantly asymptomatic bacteriuria (n=9).  

Females were more likely to be assessed for an infectious episode (p=0.04). A total of 124 

episodes (37%) fulfilled the case definition for infection were confirmed by microbiological 

testing with the commonest site of infection being urinary tract (UTI) (n=64), followed by 

respiratory tract (n=26) and skin and soft tissue (n=15).  

 

Of the 82 symptomatic patients assessed for UTI, 69 had a urinary tract pathogen isolated. E 

coli was the predominate isolate (n=32, 46% of isolates), followed by E faecalis (n=17, 

24.6%) and Klebsiella species (n=6, 8.7%). These were also the predominate organisms from 

positive cultures in patients with asymptomatic bacteriuria, with E coli comprising 27% and 

E faecalis 23% of positive cultures, respectively.   

 

Seventy-one patients were assessed for respiratory tract infection (RTI), of which 31% 

(n=24) detected an infection, 58% (n=41) had a negative test and 8% (n= 6) detected a non-

pathogenic organism. The majority of infections were viral (n=14), including Rhinovirus 

(n=6) and Influenza A (n=3). Bacterial RTIs comprised Haemophilus sp.(n=3) M 

tuberculosis (n=1) and K. pneumoniae (n=1). 

 

Twenty-four patients were investigated for skin and soft tissue infections, of whom 19 (41%) 

had a pathogen isolated. These included varicella zoster virus (n=7, 54%), Staphylococcus 

aureus (n=5) and Pseudomonas aeruginosa (n=1).     

 

Eleven patients were investigated for gastro-intestinal infection. Nine cases (54%) had a 

pathogen detected, including 2 with dual infection. Pathogens included C difficile (n=6) 

Campylobacter sp (n=3) and Norovirus (n=2).   

 

Miscellaneous infections included four blood stream infections (S pneumonia, 

Campylobacter coli, Morganella morganii and one mixed infection due to Bacteroides 

fragilis and Enterococcus hirae). Five bone and joint infections were identified 
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(Staphylococcus aureus [n=1], Coagulase negative staphylococcus [n=3] and Staphylococcus 

lugdenensis [n=1]).  

 

Nineteen multi-resistant organisms (MROs) were cultured. Thirteen were from screening 

specimens, including urine and faecal swabs, and six were detected from clinical specimens. 

MROs included Enterobacteriaceae with extended-spectrum ß-lactamases (n=15), 

vancomycin-resistant Enterococci (n=3) and metallo-ß-lactamase blaIMP-1 (n=1). Methicillin 

resistant Staphylococcus aureus colonisation was not detected. Three patients had CMV 

viraemia, none of whom fulfilled the criteria for CMV viral syndrome. Four patients had BK 

viraemia without BK nephropathy. 

Antimicrobial prescribing 

Fifty-two patients (34%) received an antimicrobial agent during the period of the study. In 

total, 249 antimicrobials were prescribed for 156 (46%) episodes of suspected infection. 

Monotherapy was used in 65% of episodes, and three or more antimicrobials were used in 

17%. 

Antimicrobials were prescribed for 40 of the 71 suspected respiratory tract infections.  

Augmentin duo forte (n=15), amoxycillin (n=13), ceftriaxone (n=10) and doxycycline (n=16) 

were the most commonly prescribed antimicrobials. There was no significant difference in 

prescribing according to isolation of a pathogen, with 42% (n=13) of untreated patients and 

43% (n=17) of treated patients having a pathogen isolated. Directed therapy with an 

antimicrobial active against the isolated organism, occurred in only seven episodes.  

Amongst patients with suspected skin or soft tissue infection, 22 antimicrobials were 

prescribed for 62.5% (n=15) of episodes. Flucloxacillin was the most commonly prescribed 

antimicrobial (n=8) followed by antivirals (n=6) and amoxycillin/clavulanic acid (n=6). Ten 

episodes received directed therapy. 

An antimicrobial was prescribed in 67 of 178 (38%) episodes where a urine specimen was 

collected. An antimicrobial was prescribed in 17% (n=16) episodes of asymptomatic 

This article is protected by copyright. All rights reserved.



bacteriuria, and 62% (n=51) of UTIs. A total of 99 antibiotic courses were used, with 

amoxycillin the most commonly used antibiotic (n=23), followed by cephalexin (n=17), 

quinolones (n=15) and amoxycillin/clavulanic acid (n=7). Therapy was directed to the 

pathogen on 38 occasions.  

Hospital Admissions 

There were fifty hospital admissions with suspected infection amongst 15 (10%) patients, 

utilising 227 bed days. The median number of admission per patient admitted was three 

(range 1-7) and the median duration of hospital admission was 4.5 days (range 1-18 days). 

Site of suspected infection included: renal tract (n=16), respiratory tract (n=12), skin and soft 

tissue (n=10), gastro-intestinal tract (n=6), bloodstream (n=5) and miscellaneous (n=1).  

 

Discussion 

This study highlights the significant morbidity associated with infection in the KTx 

population. Almost two thirds of our KTx population were assessed for infection at any time 

over a two year period, with a rate of 2.2 suspected infections per patient. Twenty patients 

who received their transplant less than 24 months prior to the end of study had an infection 

rate of 1.9 episodes/year. Studies evaluating KTx during the year post-transplantation have 

found similar incidence rates of 1.1-1.5 episodes/year14,15. Only one third of infectious 

episodes were microbiologically confirmed. Whilst only 10% of patients required admission, 

this group of patients experienced a median of three admissions over the study period.  

  

As has previously been reported, urinary tract infections compromise the majority of 

infections in our KTx cohort. They were also the commonest reason for admission to hospital 

and antibiotic prescription. As in the general population16 female KTx were more likely to 

develop a UTI. Management of UTI, particularly recurrent infections in the KTx population 

is particularly challenging and also critical as they may be associated with graft failure and 

increased mortality17,18. 
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Viral infections predominated in KTx presenting with respiratory and skin infections. 

Fourteen (58%) of the microbiologically confirmed respiratory infections were due to a virus, 

with rhinovirus predominating. Herpes zoster infection occurred in 4% of the cohort. BK and 

CMV viraemia were detected in 8 patients without evidence of disease. Viral infections may 

indicate excessive immunosuppression and research has suggested that instead of augmenting 

immunosuppressive therapy it should be reduced19,20. 

 

There were eleven vaccine preventable diseases (VPDs), including herpes zoster (n=7), 

Influenza A (n=3) and invasive pneumococcal disease (n=1). This is consistent with a recent 

review of Australian patients, that included all forms of renal replacement therapy (RRT), 

including KT, found 79 deaths due to VPDs, with a higher mortality due to VPD in KTx 

(4.6%), than other forms of RRT (2.4%)21.  The prevalence is higher in KTx than the general 

population, for example herpes zoster has a 10 to 100 fold higher incidence in organ 

transplant recipients22, and close contact with the healthcare system during the pre-

transplantation work-up period provides a window for intervention. While efficacy of 

influenza vaccine in patients with chronic kidney disease varies from season to season, cohort 

studies demonstrated 49% efficacy of shingles vaccine in patients with chronic and end stage 

kidney disease23. Vaccination status was not assessed in our study, however previous studies 

at our centre found that no patients had complete vaccination records as per the Australian 

Immunisation Handbook, and only 41.1%, 17.8% and 2.2% had received an annual influenza 

vaccination, complete Pneumococcal and herpes zoster vaccination, respectively24. 

 

One third of KTx received an antimicrobial during the study period, and monotherapy 

was generally used. Of concern, the patients who were prescribed antibiotics received an 

average of 4.8 antimicrobial courses, and with the exception of UTIs, directed therapy was 

uncommon. Furthermore our study found that a significant proportion of patients with 

asymptomatic bacteriuria were treated with antimicrobial agents. Whilst the study was not 

designed to determine appropriateness of therapy, particularly in empiric antimicrobial use, 

this data indicates that improvements can be made. Detection of multiple episodes of MROs 
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and C difficile infection in the KTx population demonstrates that this level of prescribing is 

not without consequence. Inappropriate or suboptimal antimicrobial use contributes to the 

development of antimicrobial resistance and medication-related adverse events, and can lead 

to poorer outcomes for individual patients with infection25. An antimicrobial stewardship 

(AMS) program targeting the solid organ transplant population has been proposed by So et 

al26, who identified opportunities to support AMS, including increased infectious diseases 

consultation and the promotion of education regarding microbiology for involved health care 

professionals. This is supported by Hamandi et al27 who found infectious diseases 

consultations decrease the rate of repeat hospital admissions and a significant mortality 

benefit in the solid organ transplant population.  

 

We acknowledge several limitations present within this study. The retrospective 

nature of the study limited the amount of data able to be collected. Moreover, the data 

collected from the electronic medical records were from either the hospital or the renal clinic, 

and did not include infections determined in General Practice. Finally, the small population 

size limits the ability to extrapolate differences by statistical analysis.  

 

In conclusion, episodes of infection, hospitalization, antimicrobial use and 

development of multi-resistant organisms are common following kidney transplantation in 

this southern Tasmanian cohort. This study has identified several areas in the management of 

infections in KTx for future research to consider, namely with regards to antimicrobial 

management of urinary tract infections, implementation of programmes to vaccinate KTx 

prior to transplantation, and development of transplantation specific antimicrobial 

stewardship programmes.   
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