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Abstract

Introduction—Acute rejection (AR) is lower in pediatric kidney transplant (pKTx) recipients on 

tacrolimus (Tac) versus cyclosporine (CsA). Data comparing infection outcomes for children 

treated with these agents are limited.

Methods—We retrospectively studied infection outcomes in 96 pKTx recipients on a rapid 

discontinuation of prednisone protocol (RDP). Patient survival (PS), death-censored graft survival 

(DCGS), AR and infection free survival were assessed using Kaplan-Meier/log-rank tests and 

proportional hazards models.

Results—There were no differences in 1-year PS, DCGS, or AR between Tac and CsA 

recipients. After adjusting for AR, the hazard of CMV viremia was 4.0 times higher (95%CI: 1.04, 

15.5; p=0.044) and that of BK viremia was 3.8 times higher (95%CI: 1.5, 10.2; p=0.007) in Tac 

recipients. The incidence of EBV viremia was similar between the groups (p=0.56). Posttransplant 

lymphoproliferative disease was only observed in Tac recipients (3%). There was no difference in 
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the incidence of pneumonia, urinary tract or clostridium difficile infections between Tac and CsA 

recipients.

Conclusion—Among KTx recipients on RDP, the hazards of CMV and BK viremia within 1-

year post-KTx were significantly higher in Tac recipients compared to CsA. Regular assessment 

for infections and lower Tac trough levels may be warranted in Tac recipients.
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Introduction

The calcineurin inhibitors cyclosporine (CsA) and tacrolimus (Tac) were approved by the 

United States Food and Drug Administration in 1983 and 1997, respectively, for use in 

kidney transplantation to prevent acute rejection (1, 2). Clinical trials in kidney 

transplantation have shown improved kidney allograft survival with Tac compared to CsA 

when used as a part of maintenance immunosuppression protocols in both adult and 

pediatric kidney transplant recipients (3, 4).

Increased rates of infectious complications have been observed with the use of more potent 

immunosuppression (5, 6). Infections are now the leading cause of mortality and hospital 

readmissions in pediatric kidney transplant recipients (7), accounting for 24 to 56% of 

deaths (8) and 24% of posttransplant hospitalizations (9). We examined the relationship 

between calcineurin inhibitor use and infectious complications in pediatric kidney transplant 

recipients on a rapid discontinuation of prednisone (RDP) protocol at a single center. We did 

not find prior reports addressing this question in pediatric kidney transplant recipients on 

steroid minimization protocols. Since Tac may be more potent than CsA in terms of 

immunosuppression (10), we hypothesized that the incidence of infections would be higher 

in Tac treated pediatric kidney transplant recipients compared to CsA.

Methods

Patient characteristics

Between January 2006 and November 2014, 96 pediatric kidney transplant recipients, ages 5 

to 18 years, were started on RDP immunosuppression protocol following a kidney transplant 

at the University of Minnesota. We included all 96 pediatric kidney transplant recipients on 

RDP immunosuppression in our analysis. Prednisone was discontinued on post-operative 

day 6 in patients on the RDP protocol. When RDP was first introduced (2002), it was 

restricted to primary kidney transplant recipients who were at least 5 years old, white, not on 

steroids at the time of transplant, able to take mycophenolate mofetil (MMF), and were 

Epstein-Barr virus (EBV) seropositive. However, based on the outcomes of the first six 

recipients, the criteria were expanded in 2003 to include patients who were nonwhite, EBV 

seronegative and those undergoing retransplantation.

We retrospectively reviewed all donor and recipient data using an Institutional Review Board 

approved database at the University of Minnesota.

Kizilbash et al. Page 2

Pediatr Transplant. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Immunosuppression

Our RDP immunosuppression protocol has been described previously (11). Briefly, 

thymoglobulin (Thymo) was given to both living and deceased donor recipients at a dose of 

1.5 mg/kg intravenously (IV) per day for 5–7 days. Prednisone was given as follows: 10 

mg/kg IV intra-operatively, 1 mg/kg IV on day one, 0.5 mg/kg IV days 2 and 3, 0.25 mg/kg 

IV days 4 and 5, and 0 mg/kg on day 6. MMF was given at a dose of 600 mg/m2/dose twice 

daily and the first dose was given IV intra-operatively. MMF levels were not routinely 

measured. CsA was used in 58 recipients transplanted between January 2006 and November 

2011 and Tac was used in 38 recipients transplanted after November 2011 to November 

2014. For both CsA and Tac recipients, the calcineurin inhibitor was initiated on 

postoperative day 1–2 and dosed to achieve target levels as shown in Table 1.

Infection prophylaxis and diagnosis

Oral trimethoprim–sulfamethoxazole was given daily to all recipients as prophylaxis against 

urinary tract infections (UTI) and Pneumocystis jiroveci infections (12). Trimethoprim-

sulfamethoxazole was started on day 4 posttransplant and continued indefinitely. Fungal 

prophylaxis was provided with oral nystatin or clotrimazole for the first six months 

posttransplant. All recipients received intravenous ganciclovir (5 mg/kg every 12 hours) 

postoperatively during the period of thymo administration followed by oral valganciclovir 

(10 to15 mg/kg per day, maximum dose 900 mg/day). The duration of valganciclovir was 

determined by the pretransplant donor and recipient CMV and EBV serology. Patients with 

no known EBV or CMV testing ever prior to transplant were considered ‘unknown status’. 

Patients with at least one positive test pre-transplant were considered ‘positive’ and patients 

with at least one negative test and no positive test were considered ‘negative’. All recipients 

who were D+/R− and D+/R+ for CMV and/or EBV received valganciclovir prophylaxis for 

12 months. Recipients who were D−/R− for CMV and EBV received valganciclovir for 3 

months. If the donor or recipient serologic status for CMV or EBV was unknown, we used 

the D+/R− protocol and administered valganciclovir for 12 months. If a recipient received 

Thymo treatment for acute rejection after discontinuation of valganciclovir, prophylaxis was 

restarted for 6 months.

All viral testing was conducted in the same laboratory and was performed using a 

quantitative polymerase chain reaction (qPCR) test. Our center started using qPCR for CMV 

detection in 2006. Hence, the kidney transplant recipients on RDP prior to 2006 were 

excluded from the study. Recipients were routinely tested for CMV viremia every three 

months during the first posttransplant year. CMV testing was also performed when clinically 

indicated such as for febrile episodes, leukopenia/anemia/thrombocytopenia and chronic 

diarrhea. We treated all recipients with CMV viremia with twice a day dosing of 

valganciclovir (20 to 30 mg/kg per day divided BID).

We monitored for EBV viremia during the first posttransplant year with monthly qPCR tests. 

EBV viremia was treated with immunosuppression reduction and therapeutic doses of 

valganciclovir (20 to 30 mg/kg per day divided BID) until the EBV qPCR became 

undetectable. All doses of ganciclovir and valganciclovir were adjusted as needed for the 

degree of renal function. Ganciclovir/Valganciclovir were continued indefinitely if EBV did 
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not clear. Polyoma (BK) virus was monitored with a serum qPCR that was performed every 

3 months during the first posttransplant year. If a recipient required antirejection therapy, BK 

qPCR was checked monthly for 3 months after therapy. Indication for a kidney biopsy in 

recipients who were positive for BK qPCR was a ≥ 25% increase in the serum creatinine. A 

positive result for CMV, EBV and BKV was based on a single positive value and sustained 

viremia was not required for inclusion in the study.

Bacterial infections were diagnosed based on culture results or radiological findings (chest 

X-ray). PostTx lymphoproliferative disorder (PTLD) or lymphoma were diagnosed on the 

basis of histopathology and were classified according to the recommendations of the Society 

of Hematopathology (13).

Rejection

Recipients with a ≥ 25% increase in serum creatinine above baseline underwent a diagnostic 

kidney biopsy. All biopsies were read by a renal pathologist. Rejection was characterized as 

acute or chronic, tubulointerstitial and/or vascular by established Banff criteria (14). Acute 

cellular rejection episodes were treated with steroids only if mild and with Thymo if severe 

or steroid resistant. Antibody mediated rejection episodes were treated with a combination 

of plasmapheresis and intravenous immunoglobulin (IVIG) that were given every other day 

over a 10-day period.

Outcomes and variables

Data collected on pediatric kidney transplant patients included age at transplantation, gender, 

race, ethnicity, whether this was the primary transplant, pre-transplant dialysis, donor source, 

donor and recipient CMV and EBV serology pairing and immunosuppression regimens. 

Patient outcomes included positive test results for infections, first biopsy-proven acute 

rejection episode, graft failure, and death. Graft failure was defined as a return to chronic 

dialysis, transplant nephrectomy, re-transplantation, or patient death. CMV, EBV and BK 

viremia were defined as a positive blood PCR test for these viruses. CMV disease was 

defined as presence of any of the following signs or symptoms of infection plus a positive 

blood PCR for CMV: pharyngitis with fever, chronic diarrhea, pneumonia, cytopenia, 

chorioretinitis, and CMV encephalitis.

Statistical analysis

Patient demographic variables were summarized and compared between Tac and CsA 

groups using chi-square or Fisher’s Exact tests as appropriate for categorical variables, and 

Wilcoxon rank sum tests for continuous variables. Kaplan-Meier estimates of 1-year death-

censored graft survival, 1-year patient survival, 1-year rejection-free survival, infections and 

PTLD were computed and compared between CsA and Tac groups using log-rank tests.

A Cox proportional hazards model was used to assess the effect of initial 

immunosuppression on the risk of infection in the first posttransplant year, adjusting for 

acute rejection as a time-dependent variable to account for changes in immunosuppression 

after rejection. Clinically relevant demographic variables (including prior transplant and 

donor source) and those found to be significant on univariate analysis were also considered 
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as covariates in the model. Backward selection at the significance level of 0.05 was used to 

select the final model.

Supplementary analyses to consider a secular trend included a Cox model run for each 

treatment group separately with transplant date as a covariate. This term was run separately 

for each treatment because of the separate treatment eras, and in this way was used to assess 

possible changes in care and/or surveillance over time.

All time to an event was calculated from date of transplant. Rejections and infections were 

censored at date of graft failure or death.

All analysis results were interpreted as statistically significant at the 0.05 level and all 

analyses were performed using SAS 9.4 (The SAS Institute, Cary, NC).

Results

Our study included 58 kidney transplant recipients who received CsA and 38 who received 

Tac as part of the RDP maintenance immunosuppression protocol. The demographic and 

baseline transplant characteristics of the study participants are given in Table 2. There was 

no significant difference between Tac and CsA recipients in terms of age at transplant, 

gender, race, prior transplant, pretransplant dialysis, donor characteristics or pretransplant 

viral serology. The distribution of donor/recipient serology pairing for CMV (p 0.60) and 

EBV (p 0.67) were also similar between Tac and CsA recipients (Tables 3 and 4).

Patient and graft survival

There was no difference in the 1-year patient survival between Tac and CsA recipients 

(100% versus 98%, p 0.42). The CsA recipient who died suffered a sudden death of an 

unknown cause. The 1-year death-censored graft survival was similar between the two 

groups (95% versus 97%, p 0.65). One patient lost his/her graft to thrombosis, one to 

chronic rejection and two patients lost their grafts to recurrent disease. We did not find any 

difference in the acute rejection free survival between Tac and CsA recipients (75% versus 

77%, p 0.89).

Infection outcomes and PTLD

The incidence of CMV viremia was 4 times higher in Tac recipients compared to CsA (19% 

versus 5%, p 0.03) (Figure 1). The median time to CMV viremia in the Tac group was 4.7 

months (Interquartile range (IQR: 3.9 – 6.7) while that in the CsA group was 8.2 months 

(IQR: 6.8 – 12.0). Of the 10 patients who developed CMV viremia during the first year 

posttransplant, 5 (50%) were on valganciclovir prophylaxis at the time of the diagnosis. Four 

of the five patients with CMV viremia were successfully treated with higher/therapeutic 

doses of valganciclovir (dose was increased from 10–15 mg/kg/day to 20–30 mg/kg/day). 

One patient had valganciclovir resistant and required foscarnet for eradication of the 

viremia. After adjusting for acute rejection, the hazard of CMV viremia over the first year 

posttransplant was 4.01 times higher for Tac recipients compared to CsA (95% CI: 1.04, 

15.5; p=0.044). For Tac recipients, their timing within their transplant era (November 2011 

Kizilbash et al. Page 5

Pediatr Transplant. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to November 2014) did not affect hazard of CMV viremia, controlling for rejection 

(p=0.76). Likewise, for CsA recipients, their timing within their transplant era (January 2006 

to November 2011) did not affect hazard of CMV viremia, controlling for rejection 

(p=0.94). Three of 7 Tac recipients with CMV viremia had evidence of CMV disease (two 

patients had diarrhea and one patient had fever and pharyngitis). One (1/3) CsA recipient 

with CMV viremia had CMV disease characterized by anemia, thrombocytopenia and 

fatigue.

The incidence of BK viremia was also 4 times higher among Tac recipients (34% versus 

10%, p 0.005) (Figure 2). The median time to BK viremia in the Tac group was 6 months 

(IQR: 4.8 – 10.2) while the median time in the CsA group was 3.4 months (IQR 2.4 – 4.7). 

When adjusted for acute rejection, the hazard of BK viremia over the first year post-

transplant was 3.8 times higher for Tac recipients compared to CsA (95% CI 1.5, 10.2; 

p=0.007). The timing of kidney transplant within Tac (p 0.39) and CsA (p 0.69) eras did not 

affect the hazard of BK viremia, controlling for rejection. None of the recipients developed 

BK nephropathy.

We did not find any difference in EBV viremia between Tac and CsA groups (21% versus 

17%, p 0.56) (Figure 3). Of the 18 patients who developed EBV viremia during the first year 

posttransplant, 11 (61%) were on valganciclovir prophylaxis at the time of the diagnosis. 

Similarly, there was no difference in the incidence of UTI (32% versus 31%, p 0.84), 

pneumonia (11% versus 9%, p 0.73) or clostridium difficile infections (3% versus 7%, p 

0.39) between the two groups.

PTLD was observed in 1 Tac recipient. We did not document any incidence of PTLD in CsA 

recipients.

Discussion

This is the first pediatric study to compare the rates of infectious complications after kidney 

transplantation in Tac and CsA recipients who are on RDP. This is an important comparison 

due to the widespread use of Tac for maintenance immunosuppression in solid organ 

transplant recipients. According to the 2012 annual data report of Scientific Registry of 

Transplant Recipients (SRTR), between 2002 and 2012 the use of CsA declined from 22.4 % 

to 3.5% while that of Tac increased from 71.1% to 93.8% (15).

Our results show a significantly higher incidence of CMV and BK viremia in Tac recipients 

compared to CsA. The pretransplant donor and recipient CMV (p 0.60) and EBV (p 0.67) 

statuses were statistically similar between Tac and CsA recipients, making it unlikely that 

the associations presented in this paper were confounded by recipients’ pretransplant viral 

statuses.

CMV is an important pathogen in pediatric and adult kidney transplant recipients with an 

incidence of 8% to 32% (16, 17). Several risk factors for CMV infection have been 

identified in kidney transplant recipients of which the most important are D+/R− status and 

the net state of immunosuppression (16). The latter is determined by the intensity of 

immunosuppression, co-infection with immunomodulating viruses, as well as rejection 
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episodes requiring an escalation of immunosuppressive therapy. In our study, the two groups 

followed identical protocols for antiviral chemoprophylaxis. Tac recipients exhibited higher 

hazards of CMV viremia compared to CsA despite controlling for acute rejection. Nafar et 

al. in their retrospective study of 427 kidney transplant recipients also found Tac to be an 

independent risk factor for CMV infection compared to CsA (18).

Half of our patients with CMV viremia developed it on valganciclovir prophylaxis. This may 

indicate non-adherence to the prophylactic valganciclovir. It is also possible that the viremia 

was transient and would have resolved spontaneously. However, our protocol called for 

increasing from prophylactic to therapeutic dosing of valganciclovir. Of the patients who 

developed EBV viremia, 61% were on valganciclovir prophylaxis at the time of diagnosis. 

The role of antiviral prophylaxis in the prevention of EBV viremia and PTLD is 

controversial. In a recent multicenter trial, Hocker et al. found a lower incidence of EBV 

viremia in high-risk pediatric kidney transplant recipients who received valganciclovir/

ganciclovir prophylaxis(19). A recent systemic review from AlDabbagh et al. did not show 

any benefit of antiviral prophylaxis in prevention of PTLD in high-risk solid organ transplant 

recipients (20). While most of our patients developed EBV viremia on prophylaxis, only one 

patient developed PTLD. Whether prophylaxis prevented PTLD in our cohort or not and 

how many patients would have developed EBV viremia without prophylaxis cannot be 

determined from our data.

Both asymptomatic CMV viremia and CMV disease have been shown in adult kidney 

transplant recipients to increase the risk of graft loss and overall mortality beyond 100 days 

posttransplant (21). In our study, the overall rates of death and graft loss were low and there 

was no difference in the 1-year graft or patient survival between patients who did or did not 

develop CMV viremia within the first posttransplant year. This difference in results may 

have been due to our small sample size.

We found a fourfold higher incidence of BK viremia in Tac recipients within the first 

posttransplant year. Pediatric data comparing Tac and CsA for BK viremia are lacking, 

however, our finding is consistent with adult data (6). In a prospective, randomized, 

multicenter study of 682 adult KTx recipients receiving basiliximab, MMF, steroids and 

CsA or Tac, Hirsch et al. found a higher incidence of BK viremia in Tac recipients during 

the first posttransplant year (12.1 vs 4.8, p= 0.004) (22). Similarly, a Chinese prospective 

study of BK replication and nephropathy in 90 adult kidney transplant recipients receiving 

prednisone, MMF and either Tac or CsA showed a lower incidence of BK infection in CsA 

recipients during the first posttransplant year (28.9% vs. 57.7%, p 0.007) (23). Based on 

recent in vitro evidence it has been proposed that CsA may possess direct antiviral activity 

against BK (24), possibly accounting for the lower incidence of BK viremia in CsA treated 

recipients.

In adults, the use of Tac in combination with MMF has been reported to result in higher 

mycophenolic acid levels compared to co-administration with CsA (25–27). Similar findings 

were reported in a small pediatric study of liver transplant recipients (28). Equivalent dosing 

of MMF in Tac and CsA recipients in our study may have resulted in higher net 

immunosuppression among Tac recipients. Mycophenolic acid levels and area under the 
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curve (MPA-AUC) were not measured in the study population; hence, the exposure of the 

two groups to MMF could not be determined. Since MPA is associated with higher rates of 

CMV viremia (29), the higher CMV and BK rates in the Tac recipients may have been a 

consequence of excessive exposure to MPA. Based on our findings, we recommend that 

monitoring of MPA levels be considered in kidney transplant recipients on Tac.

We observed only one case of PTLD in our study cohort and that was in a Tac recipient. 

Dhanidharka et al. reported a higher prevalence of PTLD in Tac treated pediatric kidney 

transplant recipients compared to CsA (11.5% vs. 1.1% p<0.0001), using the North 

American Pediatric Renal Transplant Cooperative Study (NAPRTCS) database(30). In 

Dhanidharka’s study, unlike ours, patients were on a steroid inclusive maintenance 

immunosuppression protocol and some patients received induction with monoclonal anti 

CD3 antibody (OKT3).

UTI, clostridium difficile colitis and respiratory infections have been described as common 

infectious complications in pediatric kidney transplant recipients (31–33). Our study did not 

demonstrate any significant difference in the incidence of these infections within the first 

posttransplant year between the two groups.

We did not find any difference in the rejection free survival or graft survival between Tac 

and CsA recipients. This is in contrast to the well-established superiority of Tac in 

preventing acute rejections and improving graft survival (10). Webster et al. in their meta-

regression of randomized controlled trials found that the benefit of Tac in improving graft 

survival diminished at higher Tac trough levels (levels > 10 ng/ml) (34). Although there is a 

paucity of data regarding the ideal Tac trough levels in children, the relatively higher Tac 

trough levels used at our center may have contributed to the lack of a difference in graft 

survival in this study. In contrast to Webster, Larkins et al., in their retrospective study of 48 

pediatric kidney transplant recipients, found that Tac trough of > 10 ng/ml during the first 3 

posttransplant months was associated with a slower rate of decline in GFR with time (35).

Our study has several limitations. Firstly, our CsA and Tac recipients came from two 

different treatment eras. We tried to account for this difference by including the transplant 

date as a covariate in our supplementary analysis and did not find any significant secular 

trend. Secondly, our sample size was small and we may have masked some important 

associations because of low power. Thirdly, we did not have data on medication adherence. 

It is possible that CsA recipients were less compliant with their regimen and consequently 

less immunosuppressed due to undesirable side effects of CsA compared to Tac. However, 

we did not find higher rates of acute rejection in CsA recipients, making the latter a less 

likely possibility.

In our single-center study of pediatric kidney transplant recipients on RDP protocol, Tac 

treated patients had a 4-fold higher incidence of CMV and BK viremia compared to CsA 

during the first posttransplant year despite an identical antiviral prophylaxis protocol. Based 

on our results, we recommend frequent viral monitoring with early therapeutic interventions, 

MPA level monitoring and a modulation of immunosuppression (possible lower Tac trough 
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levels) during the first posttransplant year in Tac recipients on steroid minimization 

protocols such as RDP.
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Abbreviations

KTx kidney transplant

Tx transplant

Tac tacrolimus

CsA Cyclosporine

RDP rapid discontinuation of prednisone

PS actuarial patient survival

DCGS death censored graft survival

AR acute rejection

HR hazard ratio

PreTx pre-transplant

PostTx post-transplant

LD living donor

DD deceased donor

MMF mycophenolate mofetil

ATG thymoglobulin

IVIG intravenous immunoglobulin

UTI urinary tract infections

PCR polymerase chain reaction

PTLD posttransplant lymphoproliferative disorder

LOS length of stay

CMV cytomegalovirus

EBV Epstein-Barr virus

mcg/L microgram per liter
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Figure 1. 
CMV free survival according to maintenance immunosuppression in pediatric kidney 

transplant recipients

Abbreviations: CMV, cytomegalovirus; CsA, cyclosporine; Tac, tacrolimus
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Figure 2. 
BK free survival according to maintenance immunosuppression in pediatric kidney 

transplant recipients

Abbreviations: CsA, cyclosporine; Tac, tacrolimus
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Figure 3. 
EBV free survival according to maintenance immunosuppression in pediatric kidney 

transplant recipients

Abbreviations: EBV, Epstein-Barr virus; CsA, cyclosporine; Tac, tacrolimus
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Table 1

Target drug levels

Tacrolimus monitoring

0 – 3 months 10 – 12 mcg/L

3 – 6 months 8 – 10 mcg/L

6 – 12 months 6 – 8 mcg/L

Cyclosporine monitoring

0 – 3 months 175 – 200 mcg/L

3 – 6 months 150 – 175 mcg/L

6 – 9 months 125 – 150 mcg/L

9 – 12 months 100 – 125 mcg/L

Abbreviations: mcg/L, microgram per liter

Pediatr Transplant. Author manuscript; available in PMC 2018 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kizilbash et al. Page 16

Table 2

Recipient and donor characteristics by immunosuppression

Variable Tac (n = 38) CsA (n = 58) p-value

Age (years) 0.87

 5 – 9 10 (26%) 13 (22%)

 10 – 14 14 (37%) 21 (36%)

 15 – 18 14 (37%) 24 (41%)

Male 20 (53%) 34 (59%) 0.56

White 29 (78%) 47 (81%) 0.75

Dialysis prior to Transplant 27 (71%) 34 (59%) 0.22

Donor age (mean years) 33 (13) 34 (11) 0.76

Deceased donor 16 (42%) 18 (31%) 0.27

Primary Transplant 35 (92%) 57 (98%) 0.30

Recipient CMV negative 23/38 (61%) 36/57 (63%) 0.8

Recipient EBV negative 15/38 (39%) 28/55 (51%) 0.28

Donor CMV negative 12/37 (23%) 23/58 (40%) 0.48

Donor EBV negative 4/37 (11%) 4/53 (8%) 0.71

Abbreviations: Tac, tacrolimus; CsA, cyclosporine; CMV, cytomegalovirus; EBV, Epstein-Barr virus
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Table 3

Donor/recipient Tac (n = 38) CsA (n = 58) p-value*

CMV serostatus

D+/R+ 9 (24%) 15 (26%) 0.60

D+/R− 16 (42%) 19 (33%)

D-/R+ 5 (13%) 6 (10%)

D−/R− 7 (18%) 17 (29%)

D?/R+ 1 (3%) 0

D?/R− 0 0

D+/R? 0 1 (2%)

D-/R? 0 0

D?/R? 0 0

*
P-value comparing proportions of known EBV serology statusAbbreviations: CMV, cytomegalovirus; CsA, cyclosporine; Tac, tacrolimus; D/R, 

donor/ recipient
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Table 4

Donor/recipient Tac (n = 38) CsA (n = 58) p-value*

EBV serostatus

D+/R+ 20 (53%) 22 (38%) 0.67

D+/R− 13 (34%) 24 (41%)

D-/R+ 2 (5%) 2 (3%)

D−/R− 2 (5%) 2 (3%)

D?/R+ 1 (3%) 3 (5%)

D?/R− 0 2 (3%)

D+/R? 0 3 (5%)

D-/R? 0 0

D?/R? 0 0

*
P-value comparing proportions of known EBV serology status

Abbreviations: EBV, Epstein-Barr virus; CsA, cyclosporine; Tac, tacrolimus; D/R, donor/ recipient
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