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Covid-19, coronavirus disease 2019

eGFR, estimated glomerular filtration rate

IQR, interquartile range. 

MMF, mycophenolate mofetil or mycophenolate sodium

mTORs, Mammalian target of rapamycin (mTOR) inhibitors

OR, odds ratio

PCR, polymerase chain reaction 

SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2

SD, standard deviation

SPK, simultaneous pancreas and kidney transplantation 
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Abstract

COVID-19 is associated with increased morbidity and mortality in transplant recipients. 

There are no efficacy data available regarding these patients with any of the available 

SARS-CoV-2 vaccines.

We analyzed the humoral response following full vaccination with the BNT162b2 (Pfizer-

BioNTech) in 136 kidney transplant recipients, and compared it to 25 controls. In order to 

exclude prior exposure to the virus, only participants with negative serology to SARS-

CoV-2 nucleocapsid protein were included. 

All controls developed a positive response to spike protein, while only 51/136 transplant 

recipients (37.5%) had positive serology (p<0.001). Mean IgG anti-spike level was higher 

in the controls (31.05 (41.8) vs 200.5 (65.1) AU/mL, study vs control, respectively, 

p<0.001). 

Variables associated with null humoral response were older age [odds ratio 1.66 (95% 

confidence interval 1.17-2.69)], high dose corticosteroids in the last 12 months [1.3 (1.09-

1.86)], maintenance with triple immunosuppression [1.43 (1.06-2.15)], and regimen that 

includes mycophenolate [1.47 (1.26-2.27)]. 

There was a similar rate of side effects between controls and recipients, and no 

correlation was found between presence of symptoms to seroconversion.

Our findings suggest that most kidney transplant recipients remain at high risk for 

COVID-19 despite vaccination. Further studies regarding possible measures to increase 

recipient’s response to vaccination are required.

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and the 

resulting disease, coronavirus disease 2019 (COVID-19), have spread to millions of 

persons worldwide. COVID-19 in solid organ transplant recipients is associated with 

increased morbidity and mortality due to comorbidities and immunosuppression state1,2. A
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Based on data from other vaccinations, the immune response of solid organrecipients to 

vaccination may be blunted3-5, and an adequate vaccine response cannot be assumed. 

Transplant recipients were not enrolled in phase 3 studies of SARS-CoV-2 vaccines6,7, 

and currently no efficacy, immunogenicity or safety data is available for this vulnerable 

population with any of the approved COVID-19 vaccines. Recently, in a study of 436 solid 

organ transplant recipients, the majority of participants did not mount appreciable 

immune response following a single dose of mRNA SARS-CoV-2 vaccine8.  

The present study was aimed, for the first time to the best of our knowledge, to quantify 

the humoral response following full vaccination with the BNT162b2 (Pfizer-BioNTech) 

SARS-CoV-2 vaccine, in a cohort of kidney transplant recipients, by determining the level 

of antibodies directed against the S (spike) antigen, compare it to controls, and to explore 

factors that may be associated with it.  In order to eliminate prior exposure to the virus 

and evaluate the influence of the vaccine itself, only participants with negative serology to 

SARS-CoV-2 nucleocapsid protein were included. 

2. Methods 

2.1. Study design

The study includes two cohorts: A study group, composed of adult kidney transplant 

recipients who are routinely followed in our transplant center clinic, and were in a routine 

visit during the study period. The control group, composed of 25 healthcare workers 

(none of them recieving immunosuppressive treatment) from our institution. All the 

participants provided written informed consent.

The patients were included if they have completed the full vaccination and self-reported 

of no positive polymerase chain reaction (PCR) to SARS-CoV-2 before. All participants 

had been vaccinated with the BNT162b2 SARS-CoV-2 (Pfizer-BioNTech) vaccine, with 

the recommended dosing interval of 21 days between the two doses. The blood samples 

were collected between 10 to 20 days after the second vaccine dose injection. 

Freshly collected blood in clot activator and gel tube was centrifuged at 4500 rpm for 10 

minutes. The sera were separated and stored at 4OC for analysis.A
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LIAISON SARS-CoV-2 S1/S2 IgG chemiluminescent assay (DiaSorin S.p.A., Saluggia, 

Italy) was used according to the manufacture instructions, to detect IgG antibodies 

directed against a recombinant S protein (S1/S2)9. Samples displaying < 12.0 AU/mL 

were considered negative, those ranging between 12.0 and 15.0 AU/mL are equivocal, 

and those > 15 AU/mL were considered as positive. For the purpose of the analysis, 

participants with equivocal response (a total of 2 participants from the study group) were 

considered as negative. 

In addition, in order to explore prior exposure to SARS-CoV-2, every participant had a 

test to detect IgG antibodies directed against the SARS-CoV-2 nucleocapsid protein, 

performed with an Architect i2000SR analyzer (Abbot Diagnostics, IL, USA) and Abbott 

chemistry according to the manufacture instructions. A cutoff of 1.4 index (S/C) was 

used10.

Exclusion criteria included history of prior positive PCR test for SARS-CoV-2; detectable 

IgG antibodies for the SARS-CoV-2 nucleocapsid protein; and individuals who were not 

fully vaccinated or had less than 10 days following  the second vaccine dose.

Every participant was asked to report the side effects after each dose of the vaccine 

(during 7 days following every dose). The side effects were divided to local (pain, 

redness, swelling, and regional lymphadenopathy) and systemic side effects (fever, chills, 

headache, fatigue, myalgia, arthralgia, nausea and vomiting, diarrhea) and ranked on a 

scale (0-4). 

In our center the induction immunosuppression therapy consists of anti-thymocyte 

globulin or basiliximab, according to patients’ risk of rejection, in addition to 

methylprednisolone intravenously. We use a maintenance regimen consisting of triple 

immunosuppression therapy including calcineurin inhibitors (CNIs; tacrolimus or 

cyclosporin), mycophenolate mofetil or mycophenolate sodium (MMF) and low dose 

prednisone (5 mg/day). This is consistent with the 2009 Kidney Disease: Improving 

Global Outcomes (KDIGO)11 guideline for the Care of Kidney Transplant Recipients. 

According to the patient’s risk stratification for rejection, side effects or other 

considerations, the maintenance regimen may be intensified or reduced, including 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

changing doses or suspending specific agent, adding or switching to mTOR inhibitors 

(everolimus or sirolimus) or azathioprine. 

Clinical and epidemiological data were obtained from the medical charts. We used the 

records on the maintenance immunosuppression, as well as the baseline recorded 

laboratory tests that were routinely taken during the last clinic visit prior the first dose of 

vaccine and processed in the hospital central laboratory. Triple immunosuppression was 

defined as any combination of 3 different medications (including prednisone, CNIs, MMF, 

mTOR inhibitors, or azathioprine). Treatment with high dose corticosteroids was defined 

as a pulse of methylprednisolone (≥125 mg), or prednisone ≥40 mg per day. Low dose 

prednisone was defined as 5 mg per day.  

Estimated glomerular filtration rate (eGFR) was calculated using MDRD formula12 and 

adjusted to body surface area (Mosteller calculation). Body mass index (BMI) was 

defined as dry weight in kilograms divided by height in square meters.  

The study was approved by the local ethical institutional review board.

2.2. Statistical analysis 

Continuous variables were first tested for normal distribution using the Kolmogorov-

Smirnov test and Q-Q plots, and were summarized and displayed as mean (standard 

deviation, SD) for normally distributed variables, and as median (IQR, interquartile range) 

for non-normally distributed variables.   

Categorical variables were displayed as number of patients and the percentage in each 

group. For all categorical variables, the Chi-Square statistic was used to assess the 

statistical significance between groups. Continuous variables were compared by using a 

t-test if normally distributed or by Kruskal Wallis/Mann-Whitney test if non-normally 

distributed. 

Correlation between two continuous parameters was calculated by Spearman analysis. In 

order to identify which variables are affected by multicollinearity and the strength of the 

correlation, we calculated Variance Inflation Factors (VIF) and reported VIF above 3. We 

fitted binary logistic regression models for the risk of negative serology test including the 

significant variables that were found in univariate analysis. A
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P < 0.05 was considered statistically significant for all analyses. IBM SPSS Statistics for 

Windows, version 22 (IBM Corp., Armonk, N.Y., USA) was used for all statistical 

analyses. 

3. Results:

The control group was composed of 25 participants. One hundred thirty-nine kidney 

transplant recipients were recruited to the study group, three of them were excluded from 

further analysis due to positive IgG antibodies to SARS-CoV-2 nucleocapsid protein (all 

had a positive level of anti-spike antibodies). All participants in both cohorts were 

Caucasians. Kidney transplant recipients were significantly older than the controls (age 

ranges 30-78 and 22-81 years, respectively), while female sex was more prevalent in the 

control group. However, mean period of time after administration of both vaccine doses 

was similar in both groups (Table 1).

The majority of recipients (125, 90%) were after kidney transplant, 9 simultaneous kidney 

and pancreas transplant, 2 kidney after liver transplant, and 3 after simultaneous kidney 

and liver transplant. Ten recipients had at least two transplantations. Median time after 

first transplantation was 39.2 months (IQR 18.4-61.9 months, range 1.3-404 months), 

and after last transplantation 38.0 months (IQR 18.4-61.0, range 1.3-313). Twenty-two 

patients were transplanted in the last 12 months prior to vaccination, 5 of them in the last 

three months. Kidney donation was from living donor in 61.7% (living related 39 (28.6%) 

and living unrelated 45 (33%)). Four recipients received de-sensitization treatment with 

rituximab in the last 12 months. Eighty-six recipients (64%) received induction with 

basiliximab and 47 recipients (34.5%) received induction with anti-thymocyte globulin, 18 

of them within the last 24 months prior to SARS-CoV-2 vaccination. One patient had an 

acute cellular rejection in the last year (5 days post-transplant, treated for the rejection 

with anti-thymocyte globulin and high dose corticosteroids). 

CNIs were used as the backbone of the immunosuppressive regiment in 90.4% of the 

patients (tacrolimus in 121 and cyclosporine in 2 patients). Prednisone was used in 121 

(88.9%) patients and MMF in 104 (76.4%). Most recipients (107, 78.6%) were treated 

with a combination of three immunosuppressive medications, most of them with A
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prednisone, tacrolimus and MMF (81, 59.6%). Two recipients had a reduction in the 

maintenance immunosuppression protocol in the 30 days prior to the vaccine 

(suspending MMF treatment).  

Thirty-six patients (26.5%) were transplanted pre-emptively (without need for dialysis 

prior to kidney transplantation). Comorbidities included ischemic heart disease in 48 

recipients (35%), hypertension in 105 (77%), diabetes mellitus in 59 (43%) (16 of them 

had new-onset diabetes after transplantation), and 6 had active malignancies other than 

non-melanomatous skin cancer (1 renal cell carcinoma, 1 posttransplant 

lymphoprolypherative disease (PTLD), 2 prostate carcinoma, 2 Kaposi’s sarcoma). 

Twenty-six recipients (19%) had a BMI >30 kg/m2.

3.1 Side effects and adverse reactions after the vaccine administration:

Unfortunately, one kidney transplant recipient, who had undetectable antibody levels after 

full vaccination, expired due to severe PCR-proven COVID-19, 9 weeks after the second 

dose of vaccine. Currently, 12 weeks following the vaccine, another kidney recipient with 

undetectable antibody levels is hospitalized with moderate PCR-proven COVID-19. There 

were no additional cases of PCR-confirmed SARS-CoV-2 infections in the time period of 

one week after the second dose of vaccine until now (April 12, 2021), nor were biopsy 

proven acute rejections, new neurological diagnoses (Guillain-Barre syndrome, Bell’s 

palsy or other neuropathy) or severe allergic reactions in our cohorts.

The most common side effect after the vaccine administration was local pain, in 84 of 161 

(52.2%) participants. Systemic symptoms developed in 31 (19.2%) of participants. There 

was a similar rate of symptoms between seropositive and seronegative individuals, as 

well as between controls and recipients. No correlation was found between presence of 

side effects to seropositivity.

3.2 Humoral response of kidney transplant recipients compared to controls: 
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All participants in the control group had a positive antibody response to spike protein, 

while only 51 of 136 transplant recipients (37.5%) had positive serology (p<0.001).

The mean IgG anti-spike level in the kidney transplant group (median=5.9 (IQR 3.8-42.0 

AU/mL) was lower than in the control group (median=189.0 (IQR 141.10-248) AU/mL). A 

Mann-Whitney test indicated that this difference was statistically significant (u=69.5, 

P<0.001) (Figure 1). In addition, even in seropositive recipients mean antibody levels 

were significantly lower compared to controls (median=71.8 (IQR 37.6-111.7) vs 189.0 

(IQR 141.10-248) AU/mL), study and control groups, respectively; p<0.001).

3.3. Risk factors for negative serology:

Table 2 shows clinical and laboratory data of transplant recipients with positive and 

negative antibody response. Participants with a positive anti spike serology were 

significantly younger, had a shorter period of time on maintenance dialysis before 

transplantation and a higher prevalence of living donors. The main difference in 

immunosuppression between the two groups was a lower rate of treatment with MMF and 

a lower rate of triple maintenance immunosuppression in seropositive patients. Patients 

with a positive post-vaccination antibody levels had a significantly higher eGFR in 

addition to a higher mean hemoglobin and lymphocyte count. Longer period of time since 

transplantation was significantly associated with positive response to the vaccination.

When multivariate analysis was performed, variables associated with negative humoral 

response were older age [odds ratio 1.66 (95% confidence interval 1.17-2.69), p=0.026], 

high dose corticosteroids in the last 12 months [1.3 (1.09-1.86), p=0.048], maintenance 

with triple immunosuppressive medications [1.43 (1.06-2.15), p=0.038], and a regimen 

that includes MMF [1.47 (1.26-2.27), p=0.049]. (Figure 2).  A moderate multicollinearity 

(VIF=9.3) for MMF and triple immunosuppression regimen was found.

In the control group we found a trend of inverse correlation between age and antibody 

levels (correlation coefficient =-0.27, p=0.084), however, it did not reach statistical 

significance.A
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Discussion:

Organ transplant recipients exhibit worse outcome from SARS-CoV-2 infection, due to 

comorbidities and immunosuppression13,14. Accordingly, an effective and safe vaccination 

against SARS-CoV-2 is critical in this population. Data regarding the safety of mRNA 

SARS-CoV-2 vaccines in solid organ transplant recipients is scarce since there were no 

transplant recipients in the phase 3 trials of Moderna7 or Pfizer6. 

In the current study we report, for the first time to best of our knowledge, the serologic 

response to full mRNA SARS-CoV-2 vaccine among kidney transplant recipients, who 

had no prior exposure to the virus (by including only participants with undetectable level 

of IgG against SARS-CoV-2 nucleocapsid protein). 

mRNA SARS-CoV-2 vaccines, similar to other common vaccines are noted to cause mild 

to moderate side effects, including local pain, headaches and fatigue, in 

immunocompetent individuals15. A recent publication describing 187 transplant recipients 

who were vaccinated with Pfizer and Moderna vaccines did not show any unexpected 

short-term local and systemic side effects following the vaccine administration16. In our 

cohorts, in accordance with that, most common side effect was mild local pain, without 

major adverse events. We could not find correlation of symptoms or severity of symptoms 

to humoral response, neither different in side effects of controls nor transplant recipients.  

Despite a theoretical concern that vaccination may trigger organ rejection17,18, numerous 

trials of some common vaccines have shown no casual association between the two19-23.  

Our study confirms the safety of mRNA SARS-CoV-2 vaccine (BNT162b2, Pfizer-

BioNTech) in kidney transplant recipients, as no biopsy proven rejection was documented 

during the follow up period. 

Our most impressive finding was that only 37.5% of kidney transplant recipients mount an 

appreciable anti-spike antibody response, in contrast to healthy controls that had a robust 

and universal humoral response, similar to recent studies of immunocompetent 

individuals24. This reduced rate of response among transplant recipients to vaccination 

was described in previous studies exploring other common vaccines, including 

pneumococcal vaccination25,26, hepatitis B virus27,28 and influenza29. Recently, Boyarsky A
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et al8 found poor immune response following a single dose of mRNA SARS CoV-2 

vaccine in solid organ transplant recipients, with a rate of only 31 out of 219 (14.1%) 

kidney recipients had a detectable IgG anti-spike. The clinical significance of this finding 

should be further evaluated. In our 3 months follow up 2 patients in seronegative group 

developed severe COVID-19 infection, while no infection was documented in seropositive 

group, but our follow up was not longe enough to evaluate clinical outcomes. 

In addition, we demonstrated reduced level of antibodies even in seropositive kidney 

transplant recipients. The clinical significance of this finding should be further evaluated. 

Although studies in SARS-CoV-2 infected individuals demonstrated a correlation between 

neutralizing antibodies level and COVID-19 severity30, there is not a well-established 

protective antibodies threshold. Further studies are needed in order to determine whether 

patients with a positive albeit low antibodies level possess a higher risk of SARS-CoV-2 

infection, as well as the duration of the response. 

The most significant predictors of failure to mount a humoral response in our cohort of 

kidney transplant recipients were advanced age, need for high dose corticosteroids 

during the last (pre-vaccination) year, maintenance with three immunosuppressive 

medications, and a regimen that includes MMF. 

Some association between advanced age and positive but lower antibody response was 

found in immunocompetent patients after COVID-1931, as well as after mRNA SARS-

CoV-2 vaccination32,33. Our finding indicates as well that even in immunosuppressed 

patients age may be an independent predictor of poor immunological response. In our 

control group, there was an inverse trend of age and antibody level, however, it was not 

statistically significant. 

The influence of different immunosuppressive regimens on vaccination response was 

explored in previous years.  A number of studies evaluated response rates to influenza 

and pneumococcal vaccines in patients receiving glucocorticoids. While immune 

response was preserved, although mildly reduced, in most patients on chronic low dose 

of glucocorticoids34-36, the response was inadequate in patients on high dose37.  Our 

findings in regard to mRNA SARS CoV-2 vaccine demonstrate concordant results with A
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significant reduction of the humoral immune response during the first year following high 

dose steroids treatment.

Similar to that, MMF has a well-known suppressive effect on the immune system, 

including inhibition of antibody production38,39. Our finding of significant decrease in 

vaccination response in kidney recipients on MMF treatment are in line with previous 

reports, which demonstrated a dose related correlation of MMF to decreased influenza 

and cholera vaccine responsiveness in renal transplant subjects29,40-43. 

We could not find an independent association between vaccine humoral immune 

response and treatment with anti-thymocyte globulin during the pre-vaccination year. 

Although the small number of participants who received this treatment preclude us from a 

valid conclusion, these findings are in agreement with result of influenza vaccination 

studies, which failed to show a significant relation between induction immunosuppression 

and vaccine immunogenicity 44-46. 

Our study demonstrated that the serological response to vaccination was related to the 

net burden of immunosuppression: the greater the degree of immunosuppression, the 

less likely the patient will respond to immunization (OR 1.43 for triple vs double 

immunosuppressive regimens). This finding is not only clinically obvious, but also 

supported by previous studies that found an increased risk to poor seroprotection47 and 

increased infection rates48 with triple maintenance immunosuppression regimen. 

Our main finding of such a low immunization rate after administration of full dose of 

BNT162b2 SARS-CoV-2 vaccine (Pfizer-BioNTech) in kidney transplant recipients raises 

an urgent question regarding possible measures to increase recipient’s response to 

vaccination. 

Optimal timing may be important in maximizing the response to immunization following 

solid organ transplantation. It is common to wait at least 3 and often up to 12 months 

after transplantation before giving vaccines, once maintenance immunosuppression 

levels have been attained49,50, in order to maximize the likelihood of developing a 

protective immune response. In our study, patients shortly after transplantation 

demonstrated reduced immune response rate, but this correlation was not an A
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independent predictor when high dose steroids were included into analysis. This finding 

emphasizes the need for an individual approach to transplanted patients’ immunization; 

while specific timing may vary based on individual circumstance, we should try to 

vaccinate when the effect of any immunosuppressive agents is at its nadir49,50. 

Strengths of this study include its novelty. It is the first published data about full SARS-

CoV-2 vaccine in kidney transplant recipients. Exclusion of participants with IgG 

antibodies to nucleocapsid protein eliminates the possibility of humoral response to the 

former virus exposure and validates our results.

Limitations of the study include a relatively small sample size, with a non-matched control 

group. Short follow up period and absence of assessing the cellular immune response 

preclude us to address full spectrum of vaccine immunogenicity or clinical correlation of 

viral protection. Further follow up for clinical outcomes are needed, as well as further 

studies including patients with prior SARS-CoV-2 infection, assessing the humoral 

response in this important setting. 

That being said our real-life data of significantly reduced level of immune response to a 

full dose of the SARS-CoV-2 vaccine in kidney transplant recipients warrant prompt 

consideration and further studies about possible ways to improve vaccine 

immunogenicity in this population.

Conclusions: 

Our finding of poor humoral response to the BNT162b2 SARS-CoV-2 vaccine in 

transplant recipients suggests that such patients may remain at high risk for COVID-19 

despite appropriate vaccination. Based on these findings, we strongly suggest that all 

transplant recipients should be counseled to continue the practice of protective COVID19 

measures including wearing masks, hands hygiene, and social distancing. 
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Figure legends:

Figure 1: scattered plot of IgG anti S of both groups. Solid lines represent mean and SD. 

Dash line represent cutoff of 15 AU/mL (defined as positive serology). 

Figure 2: Multivariate analysis for the risk of negative serology (odds ratio) in the 

transplant recipients’ group. Note: dash line represents OR=1. 
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Table 1: Characteristics of kidney transplant recipients and control group who received 

the Pfizer BNT162b2 vaccine.

IQR, interquartile range. 

SD, standard deviation. 

Table 2: Comparison of recipients with negative vs positive serology. Data presented as 

mean (SD)), unless otherwise stated.

Variable Negative Positive P value 

Number 85 51
¶Age 60.9 (12.2) 54.55 (12.8) 0.005

Factor Kidney transplant 

recipients (N=136)

Control group (N=25) P value 

Age, years (mean, 

SD)

58.6 (12.7) 52.7 (11.5) 0.028

Sex, female (%) 25 (18.3) 17 (68) < 0.001

Days after first 

vaccine dose 

(median, IQR)

 36.5 (8.3)  37.8 (4.6) 0.29

Days after second 

vaccine dose, 

(median, IQR)

16.5 (6.2) 16.8 (2.9) 0.43
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Sex, female (%) 32 (37.6) 17 (33.3) 0.71

BMI 26.71 (4.2) 27.40 (3.9) 0.35

Time on dialysis before 

transplantation, months

28.34 

(35.5)

12.47 (19.1) 0.001

¶¶Time post first 

transplantation, months 

56.6 (67.9) 87.7 (95.6) 0.05

¶¶¶ Time post last 

transplantation, months

49.1 (54.8) 68.9 (69.4) 0.076

First transplant (%) 76 (89.4) 45 (88.2) 1.0

Etiology for kidney failure

    Diabetes/nephrosclerosis

    Glomerulonephritis

    Polycystic kidney

    Other

37

18

14

16

13

14

6

18

0.61

Donor type, living (%) 47 (55.2) 37 (72.5) 0.03

SPK, (%) 6 (7.0) 3 (5.8) 1

Hypertension, (%) 70 (82.3) 39 (76.) 0.50

Diabetes mellitus, (%) 39 (45.9) 20 (3.2) 0.47

High dose steroids last 12 

months, (%)

25 (29.4) 7 (13.7) 0.038

Anti-thymocyte globulin last 

12 months, (%)

9 (10.5) 1 (1.9) 0.08

Rituximab last 12 months 3 (3.5) 1 (1.9) 1.0

Low dose prednisone, (%) 79 (92.9) 42 (82.3) 0.08

CNIs, (%) 77 (90.5) 46 (90.1) 1.0

Mean tacrolimus level, 

ng/mL

7.3 (2.7) 6.9 (2.1) 0.41

mTORi, (%) 5 (5.8) 5 (9.8) 0.50

MMF, % 72 (84.7) 32 (62.7) 0.006

Median (IQR) dose of 

mycophenolate sodium, 

360 (360-

720)

360 (360-720) 0.15
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mg/day

Triple maintenance 

immunosuppression, %

73 (85.9) 34 (66.6) 0.044

Hemoglobin, g/dL 13.41 (1.9) 14.03 (1.5) 0.07

White blood cell count, 

10e3/µL

8.37 (2.6) 8.54 (2.5) 0.70

Neutrophils count, 10e3/µL  5.53 (2.1) 5.24 (1.6) 0.46

Lymphocytes count, 

10e3/µL  

1.83 (0.9) 2.27 (0.8) 0.013

Serum creatinine, mg/dL 1.42 (0.6) 1.14 (0.32) 0.002

eGFR, ml/min/m2 59.4 (21.7) 72.6 (20.5) 0.001

Serum albumin 39.8 (11.4) 40.1 (13.0) 0.89

Days after first dose 36.7 (4.6) 36.1 (4.9) 0.85

Days after second dose 16.8 (5.3) 16.1 (5.9) 0.91

BMI, body mass index

CNIs, calcineurin inhibitors (tacrolimus or cyclosporin)

eGFR, estimated glomerular filtration rate

MMF, mycophenolate mofetil or mycophenolate sodium

mTORs, Mammalian target of rapamycin (mTOR) inhibitors

SPK, simultaneous pancreas and kidney transplantation 

¶ age range 24.7 – 81.4 vs 22.5-77.1 years for recipients with negative vs positive serology.

¶¶ range 1.5-310 vs 4.8 vs 409 months post first transplantation for recipients with negative vs positive serology.

 ¶¶¶ range 1.4-313 vs 4.4 vs 265 months post first transplantation for recipients with negative vs positive serology. 
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Figure 2:  
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