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Abstract
Background: Reducing post-operative infections among kidney transplant patients is critical to improve long-term outcomes. 
With shifting disease demographics and implementation of new transplantation protocols, frequent evaluation of infection 
rate and type is necessary.
Objective: Our objectives were to assess the incidence and types of post-operative infections in kidney transplant recipients 
at a large tertiary-care facility and determine sample sizes needed for future intervention trials.
Design: Retrospective cohort study.
Setting: The Ottawa Hospital, Ottawa, Ontario.
Patients: Adult kidney transplant patients, N = 142.
Measurements: Demographic data, transplant protocol, infections up to 2 years following transplantation.
Methods: Infections within 2 years following transplantation in all kidney transplant recipients between January 2011 and 
December 2012 were reviewed. Sample sizes were determined using all-cause infection rates and infection-free survival data.
Results: Of 142 patients, 44 (31.0%) had at least one infection. The incidence of infection was 36.2 per 100 patient-years by 
2 years post-transplant. A total of 32 (22.5%) patients had 56 infection-related hospitalizations with 73.2% occurring in the 
first year. In the first 2 years, urinary tract infections had the highest incidence (18.1 per 100 patient-years) followed by skin 
(3.9 per 100 patient-years), cytomegalovirus (3.9 per 100 patient-years), and bacteremia (3.9 per 100 patient-years). Results 
indicate that 206 patients per study arm would be needed to show a 30% reduction in the 2-year incidence of infection post-
transplantation.
Limitations: Infection rates may be slightly underestimated due to the relatively short 2-year follow-up; however, the 
highest infection-risk period was captured within this time frame.
Conclusions: Infections post-kidney transplant are still common, particularly urinary tract infections. They are associated 
with significant morbidity and hospitalization. Given the feasible sample sizes calculated in this study, intervention trials are 
indicated to further reduce infection rates within the first 2 years post-kidney transplantation.

Abrégé 
Contexte: La réduction du nombre d’infections post-opératoires contractées par les receveurs d’une greffe rénale est 
essentielle pour améliorer leurs résultats à long terme. Compte tenu de l’évolution démographique de la maladie et de 
la mise en œuvre de nouveaux protocoles de transplantation, l’évaluation fréquente des taux d’infections et des types 
d’infections est nécessaire.
Objectifs: Nous voulions identifier les types d’infections post-opératoires touchant les receveurs d’une greffe rénale 
et mesurer leur incidence dans un important centre de soins tertiaires. Nous souhaitions également établir la taille de 
l’échantillon adéquat pour procéder à des études interventionnelles futures.
Type d’étude: Une étude de cohorte rétrospective.
Cadre: L’Hôpital d’Ottawa, en Ontario.
Sujets: Des adultes receveurs d’une greffe rénale (n=142).
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What was known before

Infection rates following kidney transplantation are likely 
to fluctuate with changing patient demographics (eg, num-
ber of patients with comorbid diabetes) and changes to 
transplantation protocols. Although previous data had 
shown decreasing infection rates following kidney trans-
plantation, there are limited data regarding all-cause infec-
tion rate in a more recent era since 2010.

What this adds

This study provides modern infection rates for comparison 
by other institutions and highlights the need for targeted 
trials aimed at reducing specific infections (such as urinary 
tract infections) following kidney transplantation. 
Moreover, sample sizes calculated within this study can be 
used to help guide these future trials.

Introduction

Kidney transplantation is the preferred treatment for end-
stage kidney disease as it improves both survival and qual-
ity of life.1,2 Long-term immunosuppression is necessary 
to prevent organ rejection but is associated with an 
increased risk of infection and cancer. Infection is the sec-
ond leading cause of death in kidney transplant recipients 
and is associated with decreased allograft survival.3,4 
Estimates from the US Renal Data System suggested a rate 
of first infections in the initial 3 years following kidney 
transplant of 45 per 100 patient-years of follow-up using 
data from 1995-2003.5

Advanced donor age, deceased donor status, cytomegalo-
virus (CMV) positive donor, recipient age ⩽18 or ⩾50 years, 
female sex of recipient, number of years on dialysis, and sys-
temic lupus erythematosus or diabetes mellitus as the cause 
of kidney disease have been identified as factors that increase 

Mesures: Les données démographiques des patients, le protocole de transplantation appliqué lors de l’intervention et les 
infections contractées dans les deux ans suivant la greffe.
Méthodologie: Ont été examinées toutes les infections contractées dans les deux ans suivant l’intervention chez tous 
les receveurs d’une greffe rénale entre janvier 2011 et décembre 2012. La taille de l’échantillon adéquat pour une étude 
interventionnelle a été déterminée à l’aide des données sur le taux d’infections toutes causes et le taux de survie sans 
infections.
Résultats: Des 142 patients retenus pour l’étude, 44 (31,0 %) avaient contracté au moins une infection au cours de la 
période de suivi. L’incidence des infections se situait à 36,2 par 100 années-patients deux ans après la greffe. Un total de 
32 patients (22,5 %) avait contracté 56 infections liées à l’hospitalisation, dont 73,2 % étaient survenues dans la première 
année. Dans les deux ans suivant la greffe, les infections des voies urinaires se sont avérées les plus prévalentes (18,1 par 
100 années-patients), suivies des infections cutanées (3,9 par 100 années-patients), des infections par cytomégalovirus (3,9 
par 100 années-patients) et des bactériémies (3,9 par 100 années-patients). Les résultats indiquent que 206 sujets par bras 
d’étude seraient nécessaires pour démontrer une réduction de 30 % de l’incidence des infections au cours des deux ans 
suivant une greffe rénale.
Limites: Les taux d’infections pourraient être sous-estimés compte tenu de la durée relativement courte du suivi (deux ans). 
Par contre, la durée du suivi couvrait la période où le risque de contracter une infection est le plus élevé.
Conclusion: Les infections consécutives à une greffe rénale sont encore fréquentes, particulièrement les infections des voies 
urinaires, et sont associées à plus de morbidité et à un important taux d’hospitalisation. La taille de l’échantillon adéquat étant 
facilement réalisable, des études interventionnelles sont indiquées pour réduire davantage les taux d’infections contractées 
au cours des deux ans suivant une greffe rénale.
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the risk of post-transplant infection.6 These factors, however, 
change over time. For example in 2013, 42% of kidney trans-
plant recipients were greater than 60 years of age compared 
with only 31% in 2004.7 Therefore, as disease distribution, 
population demographics, disease treatments, and transplant 
protocols change over time, one can reason that infection 
rates following kidney transplantation will as well. Although 
a number of studies have recently assessed specific post-
transplant infections,8-13 few recent studies have evaluated 
overall infection rates in kidney transplant patients.14,15

Interventions such as changes to pretransplant screening 
of recipient and donor, vaccination and prophylaxis, and 
post-transplant surveillance may effectively decrease infec-
tion rates following kidney transplantation. In addition to 
scientific justification and validity, sample size calculation 
aids in the assessment of the feasibility of intervention 
trials.

The primary objectives of this retrospective study were to 
determine the incidence of clinically or microbiologically 
confirmed infections within a cohort of North American kid-
ney transplant recipients, results from which would aid in 
influencing program and policy changes at our own institu-
tion and serve as comparison values for assessment of infec-
tion rates at other institutions. We conducted a secondary 
analysis whereby we used these data to estimate sample sizes 
requirements to detect a desired effect size for future inter-
vention trials aimed at preventing or reducing post-kidney 
transplant infections.

Methods

Study Design and Data Collection

This study was a retrospective cohort study conducted at The 
Ottawa Hospital (TOH), a large multicenter tertiary-care 
facility of approximately 1000 in-patient beds. The patient 
cohort was defined as adult patients (age ⩾18 years) who 
had undergone kidney transplantation between January 1, 
2011, and December 31, 2012, regardless of history of previ-
ous transplantation. Combined organ transplantation was 
excluded. Medical records were reviewed for demographic 
data, transplant protocol, and infections up to 2 years follow-
ing transplantation. A list of patients whom had a kidney 
transplant during this period was obtained from TOH Renal 
Transplantation Program.

Variable Definitions

Infection in this study was typically defined as documented 
clinical infectious signs and symptoms confirmed by posi-
tive microbiological testing. However, urinary tract infec-
tions (UTIs) were defined as significant bacteriuria 
(bacterial load > 1 × 105 CFU [colony-forming unit]/mL) 
with either pyuria (white bed cells [WBC] > 10 cells/high 
power field) or at least 2+ positive leukocyte esterase on 

urine-dipstick testing. Urinalysis was surveilled at every 
clinic visit (twice weekly during the first month, weekly 
during the second month, every 2 to 3 weeks until 6 months 
post-transplant, monthly during month 6 to 12, and then 
every 3 months afterward). However, urine cultures were 
only performed in symptomatic cases. Microbiological 
confirmation of infection was infrequently provided for 
patient with pneumonias and therefore the definition used 
for analysis was clinical and radiographic evidence of 
pneumonia that required hospitalization. CMV infection 
was defined as CMV viremia with associated symptoms. 
CMV viremia was considered when CMV DNA > 1.32 × 
102 IU (international units)/mL in at least 2 measurements 
with at least 1-week interval. Invasive CMV disease was a 
subset of CMV infection but had histologically proven 
CMV disease in a biopsied tissue sample. BK or JC poly-
omavirus viremia was considered clinically significant 
infections if viremia led to changes in immunosuppression 
and/or the addition of antiviral treatment.

The following demographic and clinical data were col-
lected: patient sex (female vs male) and age (measured 
continuously), cause of end-stage renal disease, donor sta-
tus (living or deceased), preoperative antimicrobial pro-
phylactic regimen, immunosuppressive regimen, CMV 
serology of donor and recipient, clinically or microbio-
logically confirmed infections, infection-associated hos-
pitalization, and mortality. Causes of end-stage renal 
disease were classified as glomerulonephritis, diabetic 
nephropathy, autosomal dominant polycystic kidney dis-
ease (ADPKD), ischemic nephropathy, obstructive 
nephropathy, other, or unknown.

Statistical Analyses

Data analyses were conducted using Microsoft Excel and 
presented with proportions and percentages for categorical 
variables and means and standard deviations (SD) for con-
tinuous variables. Event rates were calculated as the ratio of 
number of events and total patient-years of follow-up.

Study sample size calculation for future trials aimed at 
reducing the 1-year and 2-year overall infection rate was per-
formed assuming α = 0.05 with 80% power. Power calculation 
was conducted using PROC GLIMMIX (for Poisson regres-
sion) by SAS 9.3, SAS Institute Inc, Cary, North Carolina. A 
second power calculation based on the infection-free survival 
data was performed using PASS 2008, NCSS, LLC, Kaysville, 
Utah. For this analysis, a control hazard of 0.03 was used 
(median survival, 24 months), pursuant to previously reported 
data.16 Other assumptions were as follows: the accrual pattern 
across time periods is uniform (all periods equal); no subjects 
drop out of the control or the treatment group; the proportion 
switching from the control group to another group with a haz-
ard rate equal to the treatment group is 0; the proportion switch-
ing from the treatment group to another group with a hazard 
rate equal to the control group is 0.
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Results

In total, 142 patients underwent kidney transplantation at 
TOH during the 2-year study period. Transplant recipients 
were predominantly male (67.6%) with a mean age at the 
time of transplantation of 51.2 (SD: ±13.8 years) (Table 1). 
The most common causes of end-stage renal disease were 
glomerulonephritis (25.4%), diabetic nephropathy (21.8%), 
and ADPKD (14.8%). Approximately half of transplanted 
kidneys were from deceased donors (51.4%).

All patients received some form of induction immuno-
suppression. Methylprednisolone was most commonly used 
(97.9%), followed by basiliximab (72.5%), and anti-thymo-
cyte globulin (38%). Approximately 57% of patients 
received combined induction immunosuppressive therapy 
with basiliximab and methylprednisolone while a minority 
received methylprednisolone only (2.8%) or basiliximab 
only (2.1%). All CMV seropositive donors/seronegative 
recipients (D+/R–) and all CMV seropositive recipients 
(R+) who received anti-thymocyte globulin were given 
6-month valganciclovir prophylaxis (40.1%). Patients who 
did not get valganciclovir prophylaxis but were at high risk 
for EBV reactivation, eg, EBV D+/R–, had monthly EBV 
viral load monitoring for 1 year. All patients received UTI 
and Pneumocystis jeroveci pneumonia prophylaxis with 
Trimethoprim/Sulfamethoxazole 80 mg/400 mg one tablet 
daily for 1 year. Antifungal prophylaxis was not routinely 
used. The most common post-operative immunosuppressive 
regimen was a combination of mycophenolate mofetil, pred-
nisone, and tacrolimus (75.4%) followed by a combination 
of mycophenolate mofetil, prednisone, and cyclosporin 
(24.6%). Urinary stent was removed 4 to 6 weeks post-
transplant in all cases.

Infections and Hospitalization

Of 142 patients, 40 (28.2%) had at least one infection within 
the first year and 44 (31.0%) had at least one infection within 
2 years (Table 2). Within these 44 patients, the number of 
infection episodes ranged from 1 to 10 per patient with 
median and mean numbers of infection of 1 and 2.3, respec-
tively. Overall, there were 102 episodes of infection through-
out the 2-year study period, 75 of which occurred within the 
first year. Incidence of all-cause infection within the first 
year was 52.8 per 100 patient-years, and incidence of infec-
tion was 36.2 per 100 patient-years by 2 years post-transplant 
(52.8 in year 1 and 19.3 in year 2). The probability of being 
infection-free was 72% at 1 year and 67% at 2 years. Bacterial 
infections were more common than viral infections. 
Interestingly, despite intensive immunosuppressive therapy, 
there were no documented fungal or parasitic infections.

Throughout the study period, there were 56 infectious epi-
sodes that resulted in hospitalization among kidney transplant 
patients, of which 73.2% occurred within 1 year following 
transplantation. Infection-related admission to the intensive 

care unit occurred twice, and both admissions were due to sep-
sis secondary to UTI. Mean length of infection-related hospi-
talization was 11.7 (range: 1-87 days). Of the infection-related 
hospitalizations, 22 (39.3%) were associated with UTI, 13 
(23.2%) were associated with bacteremia, 6 (10.7%) were 
associated with bronchitis/pneumonia, and 15 (26.8%) were 
associated with miscellaneous infections such as C difficile 
infection, CMV infection, skin and soft tissue infection.

Bacteremia was mainly caused by UTI (81.8%). 
Microorganisms of all 11 bacteremia episodes included 
Escherichia coli (n = 7), Acinetobacter baumannii (n = 1), 
Enterobacter cloacae (n = 1), Morganella morganii (n = 1), 
and Pseudomonas aeruginosa (n = 1). None of the E coli iso-
lates had extended spectrum beta-lactamases. Both the M mor-
ganii and P aeruginosa isolates were also reported not to be 
multidrug resistant (MDR, resistant to ⩾2 classes). There were 

Table 1. Demographic Characteristics of Kidney Transplant 
Patients (n = 142).

Variables n (%)

Sex
 Male 96 (67.6)
 Female 46 (32.4)
Age, mean years ± SD 51.2 ± 13.8
Cause of end-stage renal disease
 Glomerulonephritis 36 (25.4)
 Diabetic nephropathy 31 (21.8)
 ADPKD 21 (14.8)
 Ischemic nephropathy 7 (4.9)
 Obstructive nephropathy 2 (1.4)
 Other 29 (20.4)
 Unknown 16 (11.3)
Donor status
 Deceased donor 73 (51.4)
 Living donor 69 (48.6)
CMV serostatus
 D+R+ 41 (28.9)
 D+R– 31 (21.8)
 D–R+ 24 (16.9)
 D–R– 38 (26.8)
Induction immunosuppression
 ATG only 0 (0)
 Basiliximab only 3 (2.1)
 Methylprednisolone only 4 (2.8)
 Basiliximab + Methylprednisolone 81 (57)
 ATG + Methylprednisolone 35 (24.6)
 ATG + Basiliximab 0 (0)
 ATG + Basiliximab + Methylprednisolone 19 (13.4)
Post-operative immunosuppressive regimen  
 MMF, prednisone, and tacrolimus 107 (75.4)
 MMF, prednisone, and cyclosporin 35 (24.6)
Acute graft rejection 7 (4.9)

Note. ADPKD = autosomal dominant polycystic kidney disease;  
CMV = cytomegalovirus; D = donor; R = recipient;  
ATG = anti-thymocyte globulin; MMF = mycophenolate mofetil.
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5 episodes of C difficile infection within 5 patients, and 4 of 
these episodes occurred within the first week following kidney 
transplantation. Three patients had clinically significant BK 
viremia (2 of which had viral load > 10 000 copies/mL) and 
one patient had clinically significant JC viremia within the 
2-year study period. Furthermore, 11 CMV infections were 
recorded in 10 patients. None had biopsy-proven CMV dis-
ease. CMV serostatus of donors and recipients were discordant 
in 8 of 9 pairs with known CMV serostatus. One of the patients 
with CMV infection was CMV seronegative but received an 
organ from a donor with an unknown CMV status.

To capture post-operative infection outcome, we analyzed 
incidence of overall infection rates at 30 days and 90 days 
post-transplant. There were 18 infection episodes from 16 
patients in 30-day period, and 30 infection episodes from 19 
patients in 90-day period. This resulted in the infection inci-
dence of 152.1 and 84.5 per-patient-years, at 30 days and 90 
days post-transplant, respectively. UTI was the most com-
mon infection (12/18 [66.7%] at 30 days, and 21/30 [70%] 
episodes at 90 days post-transplant).

Three deaths occurred over the 2-year study period, 
causes of which included urosepsis, intracerebral hemor-
rhage, and congestive heart failure. One-year and 2-year 
mortality rate was 1.4% and 2.1%, respectively.

Sample Size Calculation

Sample size calculations using the 1- and 2-year rates of all-
cause infection found within this study are presented in detail 

in Table 3 and vary substantially based on the percent reduc-
tion desired and treatment rate. Using a baseline infection 
rate from this study of 52.8 per 100 patient-years in year 1, 
the sample size can range from 12 187 per group (cases vs 
controls) for a 5% reduction in infection to 95 per group for 
a 50% reduction in infection. Using the year 2 infection rate 
of 36.2 per 100 patient-years, the calculated sample size 
ranges from 8715 per group to detect a 5% reduction in 
infection to 68 per group to detect a 50% reduction in infec-
tion. Based on the number of annual kidney transplantation 
at our hospital, we estimate that it would take at least 5 years 
to conduct a trial to demonstrate a clinically significant effect 
of an intervention, ie, 30% reduction of 2-year infection rate.

Calculated sample sizes using time to first infection 
assuming 1-year accrual are presented in Table 4 and vary 
considerably based off of the selected hazard ratio. For a 
1-year follow-up time, the calculated sample size ranges 
from 11 570 per group for a 0.95 hazard ratio to 81 per group 
for a 0.5 hazard ratio. For a 2-year follow-up time, calculated 
sample size ranges from 8077 per group for a 0.95 hazard 
ratio to 55 per group for a 0.5 hazard ratio.

Discussion

This study reports the overall infection rate at 1- and 2-year 
post-kidney transplant at TOH in Canada. Among our study 
cohort, bacterial infections were noted most frequently fol-
lowed by viral infections, and no fungal or parasitic infec-
tions were documented. Overall incidence of infection was 

Table 2. Number and Incidence of Infections by Type Within Kidney Transplant Patients During the First and Second Year Following 
Transplantation.

First year
No. of infections (incidence per 100 patient-years)

Second year
No. of infections (incidence per 100 patient-years)

Overall infection 75 (52.8) 27 (36.2)
Bacterial infections
 Urinary tract 37 (26.1) 14 (10.0)
 Skin/soft tissue 9 (6.3) 2 (1.4)
 Bacteremia 7 (4.9) 4 (2.9)
 Colitis (Clostridium difficile) 5 (3.5) 0 (0.0)
 Pneumonia 4 (2.8) 3 (2.1)
 Bone/joint 2 (1.4) 1 (0.7)
 Cholecystitis 0 (0.0) 2 (1.4)
Viral infections
 CMV 9 (6.3) 2 (1.4)
 BK viremia 3 (2.1) 0 (0.0)
 BK nephropathy 1 (0.7) 0 (0.0)
 PTLD 1 (0.7) 0 (0.0)
 HCV 1 (0.7) 0 (0.0)
 Gastroenteritis 1 (0.7) 0 (0.0)
 HMPV 1 (0.7) 0 (0.0)
 JC viremia 1 (0.7) 0 (0.0)

Note. First year, n = 142; second year, n = 140 (excluded 2 deaths in the first year). CMV = cytomegalovirus; PTLD = post-transplant 
lymphoproliferative disease; HCV = hepatitis C virus; HMPV = human metapneumovirus.
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highest within the first year following renal transplant at 52.8 
per 100 patient-years. Fewer infections were noted within 
the second year following transplantation resulting in a com-
bined incidence of infection across the first 2 years following 
transplantation of 36.2 per 100 patient-years. Infections 
resulting in hospitalization were highest within the first year 
following transplantation and UTI was identified as both the 
leading overall cause of infection and leading cause of infec-
tion-related hospitalization within renal transplant patients.

Here, we report an infection rate that is lower than values 
reported using 1995-2003 data from the United States.5 
Previously, Snyder et al reported an overall infection rate of 
74.7 and 33.1 per 100 patient-years during years 1 and 2 
post-transplant, while we report infection rates of 52.8 and 
19.3 per 100 patient-years during this time frame. There are 
no data regarding all-cause infection rate in a more recent era 
since 2010. However, the risk of death due to infectious 
causes declined overtime from 1990 to 2012 in Finland.17 We 
were not able to compare infection rates with the previous 
era at our center to conclude whether the infection rates may 
be falling. The difference in infection rates between our 
study and the study by Snyder et al could be due to differ-
ences in induction therapy regimen or patient population in 
the Medicare system versus general population in Ottawa, 
Canada, among others.

UTIs were the most common cause of infectious compli-
cation within our study cohort and were the most referenced 
reason for infection-related hospitalizations early post-trans-
plantation, even though our rate may be underestimated due 
to the exclusion of symptomatic but nondocumented bacteri-
uria. The finding of UTI as the primary cause of post- 
operative infection following kidney transplantation is 

consistent with previous reports spanning decades.5,18,19 
Sepsis secondary to UTI resulted in the only 2 intensive care 
unit admissions found among transplant patients and urosep-
sis was the only infection causing death. These results under-
score that UTI remains a leading cause of post-operative 
morbidity and mortality and should, therefore, be the focus 
of rigorous interventional trials to decrease the risk of infec-
tion. Indeed, investigations regarding therapeutic interven-
tions are underway. The identification of virulence 
determinants in UTI has allowed for the development of tar-
geted therapies that effectively neutralize pathogenic bacte-
ria and prevent diseases in animal models; however, these 
new therapies have yet to be tested in clinical trials.20 We did 
not look at risk factors associated with UTI in this study but 
female sex, older age of the recipient, long duration of cath-
eter placement, acute rejection episodes, and deceased donor 
are reported to be associated with higher risk of UTI.18

MDR organisms as a cause of bacterial infection were not 
common in our patient population as compared with other 
reported studies which showed an increasing trend of MDR 
organisms in kidney transplant recipients.21,22 Our findings 
are likely due to the overall lower prevalence of MDR organ-
isms in Canada as compared with other geographic regions, 
and it is likely a matter of time until we see an increase in 
MDR organisms in our kidney transplant population.23

The second and third most common sites of infection 
found within our patient cohort were skin and soft tissue and 
lung, respectively. Interestingly, the sites of skin and soft tis-
sue infections documented within our patient population 
were not generally located at the operative incision or previ-
ous peritoneal catheter exit site. Skin and soft tissue infec-
tions only affected patients with a diabetic cause of end-stage 
renal disease, likely due to impaired circulation and reduced 

Table 3. Calculated Sample Sizes Using 1- and 2-Year Rates of 
All-Cause Infection.

% reduction Treatment rate n per group

1 yeara 5 0.502 12 187
10 0.475 2855
15 0.449 1250
20 0.422 674
25 0.396 422
30 0.37 286
40 0.317 155
50 0.264 95

2 yearsb 5 0.344 8715
10 0.326 2122
15 0.308 917
20 0.29 501
25 0.272 311
30 0.253 206
40 0.217 111
50 0.181 68

aControl rate = 0.528.
bControl rate = 0.362.

Table 4. Calculated Sample Sizes Using Time to First Infection 
Assuming 1-Year Accrual.

Hazard ratio n per group

1 year 0.95 11 570
0.9 2799
0.85 1202
0.8 653
0.75 402
0.7 269
0.6 139
0.5 81

2 years 0.95 8077
0.9 1947
0.85 834
0.8 451
0.75 277
0.7 185
0.6 95
0.5 55

Note. Control hazard rate = 0.03.
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immunological defenses within this patient population. The 
incidence of pneumonia was approximately 7%, which is 
consistent with 8% reported by Alangaden et al.14 However, 
the frequency and rate of pneumonia may be underrepre-
sented due to difficulty in the identification of microbiologi-
cally negative pneumonia through a retrospective chart 
review and potentially missing mild cases of pneumonia that 
did not require medical attention.

We report 5 episodes of C difficile infection during the 
first year post-transplant, 4 of which occurred within 1 week 
following kidney transplantation. This period likely repre-
sents the most vulnerable time due to a heightened degree of 
immunosuppression. It is interesting that 2 cases occurred at 
around the same period likely indicating a hospital-acquired 
infection. The first patient had documented C difficile infec-
tion on the second day post-transplant, which was the day of 
transplantation for the second patient, whom had a docu-
mented C difficile infection 6 days later. Increased C difficile 
infection has been reported in kidney transplant recipients 
with a frequency of 3.7% in 2008 to 9.4% in 2010 in a single 
institution in the United States.24

Viral infection was not common during our study period. 
However, despite prophylactic valganciclovir in high-risk 
patients, there were 11 CMV infectious episodes in our study 
patients. All but one cases occurred late, after prophylaxis 
had stopped. Nevertheless, there was no documented inva-
sive CMV disease in our cohort.

Infection-related hospitalization remains high and we 
noted a total infection-related length of stay among kidney 
transplant patients of 554 days over the 2-year observation 
period. Approximately one in 5 transplant recipients 
required hospitalization because of infection. 
Hospitalization not only reduces patient quality of life but 
also increases the likelihood of additional infections, add-
ing to the clinical and cost burden. For example, previous 
work reports that infection during the first year post-trans-
plant significantly increased first-year costs from US$17 
691 marginal cost increase for UTI alone, to US$40 000-
US$50 000 for pneumonia or sepsis alone, and to US$135 
000 for those with UTI, pneumonia, and sepsis.25

Alternative prophylactic or therapeutic approaches are 
needed to minimize the risk of infection in this population. 
To aid in the design of trials testing new approaches to 
infection reduction, we calculated sample sizes using 
infection data obtained in this study. Interventions/
approaches that could be tested include new immunosup-
pressive regimen, antimicrobial prophylaxis, vaccination, 
infection control measures, or innovative surgical tech-
niques. Given that a standard minimal clinically important 
difference has not been identified for infection outcomes 
in kidney transplantation, we reported sample sizes for a 
wide variety of assumptions. The sample sizes presented in 
this study will allow researchers to estimate the feasibility 
of conducting an interventional trial by selecting either a 
percent reduction in infection or hazard ratio that would be 

required to implement protocol changes at their institution. 
Although we present sample sizes that can be referenced 
for assessment of study feasibility and estimates for initial 
ethics approval, we recommend that researchers conduct a 
pilot or pretest study to help refine sample sizes for the 
particular hypothesis.

Limitations to this study should be noted. First, the major-
ity of infections were identified by positive microbiology 
data that likely resulted in an underestimation of infection 
rate. Nevertheless, based on our electronic medical record 
system, we could identify hospitalization due to pneumonia 
even though microbiological data were not available or were 
negative. Second, infections and hospitalizations that 
occurred outside of our center were not captured. However, 
we estimate this number to be small as our transplant patients 
are rarely, if ever, treated at other institutions. Third, the 
study results cannot be generalized because this is a single-
center study. Finally, the 2-year follow-up period was rela-
tively short. Although we cannot comment on long-term 
infection rates, the highest infection-risk period occurred 
within the time frame of our study.

Conclusions

In summary, our study reports infection rates at 1- and 2-year 
post-kidney transplant and shown that infections are still 
associated with significant morbidity in terms of need for 
hospitalization. Intervention trials are needed to test strate-
gies aimed at reducing infection rates further. Such studies 
should be pursued given the feasible sample sizes we have 
reported using realistic clinically important differences.
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