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Desensitization has enabled incompatible living donor kidney transplantation (ILDKT) 
across HLA/ABO barriers, but added immunomodulation might put patients at in-
creased risk of infections. We studied 475 recipients from our center from 2010 to 
2015, categorized by desensitization intensity: none/compatible (n = 260), low (0-4 
plasmaphereses, n = 47), moderate (5-9, n = 74), and high (≥10, n = 94). The 1-year cumu-
lative incidence of infection was 50.1%, 49.8%, 66.0%, and 73.5% for recipients who 
received none, low, moderate, and high-intensity desensitization (P < .001). The most 
common infections were UTI (33.5% of ILDKT vs. 21.5% compatible), opportunistic 
(21.9% vs. 10.8%), and bloodstream (19.1% vs. 5.4%) (P < .001). In weighted models, 
a trend toward increased risk was seen in low (wIRR = 0.771.402.56,P = .3) and moder-
ately (wIRR = 0.881.352.06,P = .2) desensitized recipients, with a statistically significant 
2.22-fold (wIRR = 1.332.223.72,P = .002) increased risk in highly desensitized recipients. 
Recipients with ≥4 infections were at higher risk of prolonged hospitalization (wIRR 
= 2.623.574.88, P <  .001) and death-censored graft loss (wHR = 1.154.0113.95,P =  .03). 
Post–KT infections are more common in desensitized ILDKT recipients. A subset of 
highly desensitized patients is at ultra-high risk for infections. Strategies should be 
designed to protect patients from the morbidity of recurrent infections, and to extend 
the survival benefit of ILDKT across the spectrum of recipients.
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1  |  INTRODUC TION

HLA- and/or ABO-incompatible living donor kidney transplantation 
(ILDKT) confers a survival benefit for kidney transplant candidates 
who have a willing, but incompatible donor.1–3 Alternatives include 
waiting as many as 10  years on the deceased donor waitlist for a 
compatible deceased donor transplant, or entering a kidney paired 
donation (KPD) program,1 although those with high panel reactive 
antibody are less likely to find a donor through KPD.4,5 Since ILDKT 
recipients are at risk of antibody-mediated rejection (AMR), they 
undergo modulation of the B cell compartment for desensitization, 
classically with either plasmapheresis plus low-dose intravenous im-
munoglobulin (IVIg), or high-dose IVIg.1–3,6,7 Anti-B cell agents such 
as rituximab,7 and other agents such as bortezomib,8 eculizumab,9 
and C1 esterase inhibitor10 have also been used, as well as rescue 
splenectomy in occasional patients with refractory AMR.9

Since these interventions are administered to ILDKT recipients 
in addition to standard posttransplant immunosuppressive medica-
tions, there is potentially an increased risk for infectious complica-
tions after ILDKT. Moreover, the incidence and severity of infections 
may differ within the ILDKT group itself, since some desensitization 
protocols are more intensive than others. Such information is not 
only essential for risk prediction and informed consent, but also as 
a foundation for devising more effective strategies for infection 
prevention in this vulnerable population. Unfortunately, transplant 
registry data lack details of ILDKT treatment regimens and post-
transplant infections, so studying this has been thus far challenging.

To investigate this further, we collected detailed treatment, in-
fection, and outcomes data on our ILDKT recipients to understand 
the landscape and impact of infections after ILDKT. Specifically, we 
sought to (a) quantify the post–KT incidence of a variety of infection 
types by desensitization intensity; (b) estimate the adverse impact 
of infections on post–KT hospitalization, acute cellular rejection, 
death-censored graft failure (DCGF), and mortality by number of 
infections developed during the first year post–KT; (c) determine 
whether ILDKT confers additional risk compared with compatible 
living donor kidney transplantation (CLDKT); and (d) characterize the 
outcomes of an ultra-high-risk group of ILDKT recipients who had 
high numbers of recurrent infections during the first year post–KT.

2  |  METHODS

2.1  |  Data sources

2.1.1  |  Data collection from electronic 
medical record

Using our center's electronic medical record, for each individual pa-
tient, we collected induction immunosuppression, number of pre-
transplant plasmapheresis treatments, number of posttransplant 
plasmapheresis treatments over the first 6 months post–KT, and any 
use of rituximab, bortezomib, eculizumab, C1 esterase inhibitor, and 

splenectomy. Episodes of biopsy-proven cellular rejection were re-
corded, including histologic grade and treatment. Other outcomes 
recorded included hospitalization days during the first year post–KT, 
and the last date of follow-up at this center. This study was approved 
by the Johns Hopkins University Institutional Review Board.

2.1.2  |  OPTN/SRTR

Additional risk factors and outcomes, including graft failure and 
death, augmented through linkage to the Centers for Medicare 
and Medicaid Services and the Social Security Death Master File, 
were ascertained through linkage with the Scientific Registry of 
Transplant Recipients (SRTR). The SRTR data system includes data 
on all donor, waitlisted candidates, and transplant recipients in the 
United States, submitted by the members of the Organ Procurement 
and Transplantation Network (OPTN), and has been described else-
where.11 The Health Resources and Services Administration (HRSA), 
U.S. Department of Health and Human Services provides oversight 
to the activities of the OPTN and SRTR contractors.

2.2  |  Study population

In this retrospective study, we identified all adult (≥18  years or 
≥17 years and followed by our adult team) who underwent CLDKT 
and ILDKT at Johns Hopkins Hospital between January 1, 2010 
and December 31, 2015. ILDKT recipients were defined as patients 
who had detectable donor-specific antibody of any strength (single-
bead, flow cytometric crossmatch, or cytotoxic crossmatch) that was 
deemed to require perioperative desensitization therapy to receive 
a kidney from an HLA- or ABO-incompatible living donor.2,3 At our 
institution, desensitized recipients underwent plasmapheresis with 
low-dose IVIg (except one who received high-dose IVIg), with or 
without rituximab, as previously described elsewhere.2,3 ILDKT re-
cipients who did not receive any desensitization (n = 6, 1.2%) and 
CLDKT recipients who received plasmapheresis for reasons other 
than desensitization (n  =  13, 2.6%) were excluded from the main 
analyses.

2.3  |  ILDKT intensity

In the present study, we categorized ILDKT recipients into three 
groups according to total intensity of desensitization: low (total 
plasmaphereses: 0-4; median pre- vs. posttransplant treatments: 
1 vs. 2), moderate (total: 5-9; median: 2 vs. 4), and high (total: 
≥10; median: 4 vs. 11.5). The number of plasmaphereses was de-
termined according to the strength of the initial donor anti-HLA 
antibody, response to initial plasmapheresis treatments, real-time 
measurements of posttransplant donor anti-HLA antibody lev-
els, and occurrence of posttransplant antibody-mediated rejec-
tion.2,8,9 Additional interventions such as rituximab, bortezomib, 
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eculizumab, and rescue splenectomy were per transplant clinician 
choice, guided by the above considerations,8,9 and administration 
of C1 esterase inhibitor was in the setting of a clinical trial for 
antibody-mediated rejection.10

2.4  |  Infection prophylaxis

All kidney transplant recipients received Pneumocystis prophylaxis 
for 6 months post–KT (trimethoprim-sulfamethoxazole unless al-
lergic, otherwise atovaquone or dapsone), and antiviral prophy-
laxis according to CMV status (valganciclovir for 6  months for 
CMV donor seropositive/recipient seronegative, valganciclovir for 
3  months for recipient seropositive, and acyclovir for donor se-
ronegative/recipient seronegative patients). All patients received 
nystatin oral suspension post–KT and no routine systemic antifun-
gal prophylaxis.

Patients who received eculizumab had received prior menin-
gococcal vaccination, and received prophylactic amoxicillin until 
1  month after completion of eculizumab. Patients who received 
rescue splenectomy generally had received pneumococcal, menin-
gococcal, and Hemophilus influenzae vaccines prior to transplant 
(as they were judged antecedently high risk, so the possibility of 
splenectomy was foreseen and these immunizations administered 
pretransplant), or received these vaccinations posttransplant if not 
received prior to transplant.

In addition, it has been part of our standard of care for all trans-
plant candidates to receive pneumococcal vaccination pretransplant 
(most recently, both pneumococcal polysaccharide vaccine and con-
jugated pneumococcal vaccine).

2.5  |  Infection ascertainment and definitions

Using our center's electronic medical record, for each individual pa-
tient, we collected data on all infections of clinical significance oc-
curring within the first 3 years post–KT, or until the date of death 
or the last date of follow-up at this center (if either of these events 
occurred earlier than 3 years posttransplant). All infection data were 
reviewed by a transplant infectious disease physician. We used a 
rigorous system of infection data collection that incorporates pub-
lished consensus definitions of specific infections,12–18 and includes 
microbiologic, syndromic, and histopathologic data. We reviewed 
all hospital discharge summaries for the first 3 post–KT years; all 
pathology biopsy results, and all CMV PCR and BKV PCR results as 
well as other microbiologic results and clinical notes as needed for 
additional details on particular infections.

Infections of clinical significance included: (a) all infections 
which required a hospital admission, (b) all infections which oc-
curred during a hospital admission, (c) all instances of cytomeg-
alovirus (CMV) infection, and (d) all instances of BK virus (BKV) 
infection. For each infection, the infection type (e.g., pneumo-
nia), date of diagnosis, and organism (if known) were recorded. 

Infections were categorized according to standard definitions.12–16 
CMV infection episodes were classified as CMV viremia (DNAemia) 
versus tissue-invasive CMV disease (end-organ disease), according 
to standard definitions.17 BK virus infection episodes were classi-
fied as BKV viremia (DNAemia) versus BK virus allograft nephrop-
athy (BKVAN), according to standard definitions.18 Mild infections 
in outpatients such as upper respiratory tract infections, sinusitis, 
bronchitis, asymptomatic bacteriuria, mildly symptomatic urinary 
tract infections, and minor skin/soft tissue infections were not 
considered to be clinically significant infections for purposes of 
this study.

For purposes of this analysis, opportunistic infections were 
classified as those infections that would be unlikely to develop in 
immunocompetent patients, including invasive fungal infections, 
Pneumocystis jiroveci pneumonia, nocardiosis, disseminated zoster, 
disseminated adenovirus infection, severe chronic norovirus infec-
tion, BKVAN, and tissue-invasive CMV disease.

BKV viremia (DNAemia) was defined as any positive quantitative 
BKV PCR above the laboratory-specific lower limit of quantitation of 
the assay. “Recurrence” of BKV or CMV was defined as a reappear-
ance of BKV or CMV viremia/DNAemia after at least 2 consecutive 
undetectable PCR results obtained at least 1 week apart.

2.6  |  Time to first post–KT infection

We first used the Kaplan-Meier method to compare the cumulative 
incidence of infection 1-year post–KT by intensity of desensitization. 
As ILDKT is carefully considered for a specific recipient population, 
they may differ considerably across baseline characteristics (e.g., 
calculated panel reactive antibody [cPRA], sex, years on dialysis, 
etc.) compared to their CLDKT counterparts. Taken with our smaller 
sample size, estimating the impact of ILDKT, and thus intensity of 
desensitization, on infection risk may not be meaningful if we were 
to use conventional regression adjustment methodology. In an ef-
fort to correctly quantify this association, we used doubly robust 
Cox regression.19 Briefly, this two-step approach combines the use 
of inverse probability weights (IPWs) with regression adjustment to 
obtain unbiased estimates of risk.20 To start, we generated the IPWs. 
We used multinomial logistic regression to obtain the propensity 
score which estimated the likelihood of receiving no, low, moderate, 
or high levels of desensitization after adjusting for age, sex, race, 
blood group, cPRA, number of previous kidney transplants, diabetes 
status, time on dialysis, percentage of time with a functioning kidney 
transplant during renal-replacement therapy, and year of transplant. 
We took the reciprocal of the predicted probabilities generated by 
the propensity score to calculate the IPWs. Weights were stabilized 
to limit the influence of outliers. We quantified the standardized 
mean differences in measured covariates to compare balance, and 
those that remained unbalanced were included in the final model.19 
We followed recipients until date of first infection, death, last day 
evaluated at Johns Hopkins Hospital, or administrative censorship 
1 year after transplant.
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2.7  |  Incidence rate of infection

We first used negative binomial regression to calculate the crude 
incidence rate of the number of infections developed during the first 
year post–KT by intensity of desensitization. We then used doubly 
robust negative binomial regression to obtain the incidence rate 
ratio (IRR) of infection comparing recipients who were desensitized 
to those who did not receive any desensitization. Model specifica-
tion for doubly robust estimation of the IRR was the same as that 
used to evaluate time to first post–KT infection analysis. Person time 
was calculated from date of transplant until death, last day evaluated 
at Johns Hopkins Hospital, or administrative censorship 1 year after 
transplant.

2.8  |  Adverse impact of infections

2.8.1  |  Number of infections developed within 
1-year post–KT

We used regression to estimate whether the number of infections 
developed within the first year of transplant was associated with 
adverse posttransplant outcomes, including number of hospitali-
zation days within the first year post–KT, biopsy-proven acute cel-
lular rejection, death-censored graft survival (DCGF), and death. 
Specifically, we used doubly robust negative binomial regression 
for the outcome of hospitalization days, logistic regression for the 
outcome of acute cellular rejection, and Cox regression for the out-
comes of DCGF and death. For our analysis of DCGF and death, we 
started following recipients 1-year post–KT given the time-varying 
nature of our exposure.

To define our exposure, we created clinically meaningful catego-
ries that were sufficient for well-powered comparisons by dividing 
the number of infections during the first posttransplant year into the 
following strata: 0, 1-3, and ≥4 infections. We then used the same 
two-step approach as previously described to create the IPWs. We 
used multinomial logistic regression to derive the propensity score 
which estimated the likelihood of developing 0, 1-3, or ≥4 infections 
during the first post–KT year, adjusting for the aforementioned 
characteristics in addition to intensity of desensitization. Weights 
were stabilized to limit the influence of outliers. We quantified the 
standardized mean differences in measured covariates to compare 
balance, and those that remained unbalanced were included in the 
final model.

2.8.2  |  ILDKT versus CLDKT

We included an interaction term in each model to test whether 
ILDKT recipients had the same risk of the aforementioned post-
transplant outcomes as CLDKT recipients with the same num-
ber of infections post–KT. For these models, we used adjusted 
negative binomial regression for the outcome of hospitalization 

days, logistic regression for the outcome of acute cellular rejec-
tion, and Cox regression for the outcomes of DCGF and death. 
Models were adjusted for the same characteristics as those in 
prior analyses.

2.9  |  Statistical analysis

Baseline characteristics of ILDKT and CLDKT recipients were com-
pared using ANOVA for normally distributed continuous variables, 
Kruskal-Wallis rank sum test for non-normally distributed con-
tinuous variables, or the chi-squared test for binary or categorical 
variables. For all weighted analyses, a robust, sandwich estimator 
was used to prevent overestimation of the variance given that the 
weights were estimated.20,21 Confidence intervals are reported as 
per the method of Louis and Zeger.22 All analyses were performed 
using Stata 16.0/MP for Linux (College Station, TX).

3  |  RESULTS

3.1  |  Study population

We studied 475 LDKT recipients; 215 were incompatible, of whom 
47 received low intensity, 74 received moderate intensity, and 94 
received high-intensity desensitization. Compared to CLDKT (i.e., 
no desensitization) recipients, ILDKT recipients spent longer time 
on dialysis prior to transplant (median none = 0.4 years, low = 1.1, 
moderate = 2.3, high = 2.6, P < .001), were more likely to have had 
two or more previous transplants (none = 1.2%, low = 10.7%, mod-
erate = 13.5%, high = 12.8%, P <  .001), were more likely to have 
a cPRA≥80% (none = 0.8%, low = 29.8%, moderate = 32.4%, high 
= 45.7%, P <  .001), and were less likely to receive a kidney from 
a related donor (none = 47.3%, low = 36.2%, moderate = 29.7%, 
high = 25.5%, P  =  .001) (Table 1). There were no differences in 
CMV donor/recipient serostatus for ILDKT and CLDKT recipients 
(P = .2).

3.2  |  Desensitization and induction 
immunosuppression regimens

Among ILDKT recipients, the number of desensitization agents 
received increased with increasing intensity of desensitization 
(Table 1). Recipients who received high-intensity desensitization 
were more likely to receive rituximab (low = 44.7%, moderate = 
58.1%, high = 84.0%, P < .001), eculizumab (low = 10.6%, moderate 
= 6.8%, high = 21.3%, P =  .02), C1 esterase inhibitor (low = 0.0%, 
moderate = 0.0%, high = 9.6%, P =  .002), and rescue splenectomy 
(low = 0.0%, moderate = 0.0%, high = 10.6%, P  =  .002) (Table 1). 
The only use of bortezomib, C1 esterase inhibitor, and rescue sple-
nectomy was in the high-intensity desensitization group. ILDKT re-
cipients were less likely to receive thymoglobulin alone for induction 
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compared to CLDKT recipients (none = 91.9%, low = 87.2%, moder-
ate = 86.5%, high = 81.9%, P < .001).

3.3  |  Time to first post–kidney transplant infection

At 1 month, the post–KT incidence of infection was 19.2%, 25.5%, 
28.4%, and 45.9% for recipients who received no desensitization (i.e., 
CLDKT), low, moderate, and high-intensity desensitization (P < .001) 
(Figure 1). At 1 year, the cumulative incidence of a post–KT infection 
rose to 50.1%, 49.8%, 66.0%, and 73.5%, respectively (P < .001). In 
weighted models, a trend toward increased risk was seen in patients 
who received low (weighted hazard ratio [wHR] =0.551.112.23, P = .8) 
and moderate intensity desensitization (wHR = 0.901.482.44, P  =  .1), 
and a statistically significant 1.71-fold increased risk of developing 
an infection during the first year post–KT was seen for those who 
received high-intensity desensitization (wHR = 1.101.712.66, P =  .02) 
(Table 2).

3.4  |  Incidence rate of infection

At 1 year, the crude post–KT infection rate was 96.2 per 100 person-
years, 141.0 per 100 person-years, 142.1 per 100 person-years, and 
292.9 per 100 person-years for those who received no desensiti-
zation (i.e., CLDKT), low, moderate, and high-intensity desensitiza-
tion. In weighted models, a trend toward increased risk was seen in 
recipients who received low (weighted incidence rate ratio [wIRR]  
= 0.771.402.56, P = .3) or moderate (wIRR = 0.881.352.06, P = .2) inten-
sity desensitization, and a statistically significant 2.22-fold (wIRR = 

1.332.223.72, P = .002) increase in the number of infection cases was 
seen for those who received high-intensity desensitization, com-
pared to recipients who received none during the first year post–KT 
(Table 2).

3.5  |  Types of infection

There was wide variation in the types of infections experienced 
by ILDKT and CLDKT recipients in the first year posttransplant 
(Table 3; Figure 2). The most common infections overall were urinary 
tract infections (UTI) (27.0%), opportunistic infections (15.8%), and 
BK DNAmia (15.8%) (Figure 2; Table 3).

Risks for specific types of infections within the first year differed 
by intensity of desensitization, generally with highest risks in those 
who received highest intensity desensitization (Table 3). Specific in-
fections that followed this pattern included urinary tract infections, 
opportunistic infections, bloodstream infections, pneumonias, C. 
difficile diarrhea, surgical site infections, and invasive fungal infec-
tions (Table 3). Regarding viral infections, there was no significant 
difference in risk for tissue-invasive CMV between desensitization 
groups, but BKVAN and other viral infections were more likely to 
occur in ILDKT compared to CLDKT recipients (Table 3).

3.6  |  Infection recurrence after the first post–
KT year

In the second year post–KT, 23.2% of recipients developed an in-
fection; of these, 66.4% were recurrent infections. ILDKT recipients 
were more likely to develop recurrent infections compared to CLDKT 
recipients (none = 12.7%, low = 19.1%, moderate = 13.5%, high = 
22.3%) (Figure 3). In the third year post–KT, 16.6% of recipients 
developed an infection; of these, 84.8% were recurrent infections. 
ILDKT recipients were more likely to develop recurrent infections 
compared to CLDKT recipients (none = 12.7%, low = 10.6%, moder-
ate = 14.9%, high = 19.1%) (Figure 3).

3.7  |  Adverse impact of infections

3.7.1  |  Adverse impact of number of infections 
within the first year post–KT

Recipients who developed between 1 and 3 infections within 
the first year post–KT had a higher rate of hospitalization days  
(wIRR = 1.051.321.66, P =  .02), but no difference in the risk of acute 
cellular rejection, DCGF, and mortality compared to those who did 
not develop any infection (Table 4). Recipients who developed ≥4 in-
fections within the first year post–KT had a substantially higher rate 
of hospitalization days (wIRR = 2.623.574.88, P < .001), and increased 
risk of DCGF (wHR = 1.154.0113.95, P = .03), but no difference in the 
risk of acute cellular rejection and mortality compared to those who 
did not develop any infection (Table 4).

3.7.2  |  Recurrent infections ultra-high-risk group

There were 10 recipients (including 7 who had received high-inten-
sity desensitization) who developed 7–9 infections, and 7 recipi-
ents (all of whom had received high-intensity desensitization) who 
developed ≥10 infections within the first year post–KT. For those 
who developed 7–9 infections: 4 recipients received thymoglobu-
lin (2 of whom did not receive plasmapheresis [i.e., CLDKT]); 2 re-
cipients received thymoglobulin and rituximab; 2 recipients received 
thymoglobulin, basiliximab, and rituximab; 1 recipient received thy-
moglobulin, basiliximab, and splenectomy; 1 recipient received thy-
moglobulin, rituximab, eculizumab, splenectomy, and bortezomib. 
Similarly, for those who developed ≥10 infections: 4 recipients re-
ceived thymoglobulin and rituximab; 1 recipient received thymo-
globulin, rituximab, and eculizumab; 1 recipient received basiliximab, 
rituximab, and eculizumab; 1 recipient received thymoglobulin, 
rituximab, eculizumab, and splenectomy.

Although these numbers were too small for stable statistical 
analysis, the group who developed 7–9 infections had a median of 
106 hospitalization days (IQR 98, 117) and mortality of 60%, and the 
group who developed ≥10 infections had a median of 117 hospital-
ization days (IQR (95,224) and mortality of 43%.
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TA B L E  1  Characteristics of living donor kidney transplant recipients, by desensitization intensity (%)

Characteristics

CLDKT ILDKTa 

P 
valueNone (n = 260) Low (n = 47)

Moderate 
(n = 74) High (n = 94)

Recipient

Type of ILDKT <.001

ABOi 10.6 12.1 20.2

HLAi 89.4 75.7 56.4

ABOi & HLAi 0.0 12.2 23.4

Age (years), mean (SD) 48.0 (15.3) 49.8 (14.4) 46.7 (15.8) 45.5 (14.1) .4

Female sex 41.9 46.8 50.0 57.4 .07

Race/ethnicity 1.0

White 70.4 76.6 73.0 70.2

Black 22.7 17.0 20.2 21.3

Other 6.9 6.4 6.8 8.5

BMI (kg/m2), mean (SD) 27.2 (6.2) 27.1 (5.3) 26.9 (5.4) 26.9 (6.4) 1.0

Cause of ESRD .3

Glomerular diseases 21.9 23.4 29.7 23.4

FSGS 10.8 6.4 12.2 14.9

Diabetes 12.3 8.5 8.1 12.8

Hypertension 24.6 25.5 17.6 21.3

Polycystic kidney disease 13.5 6.4 5.4 8.5

Other 16.9 29.8 27.0 19.1

Years on dialysis, median (IQR) 0.4 (0.0, 1.6) 1.1 (0.0, 3.7) 2.3 (0.2, 4.4) 2.6 (1.0, 5.0) <.001

Number of previous transplants <.001

0 91.1 48.9 47.3 54.2

1 7.7 40.4 39.2 33.0

≥2 1.2 10.7 13.5 12.8

cPRA (%) <.001

0 90.3 40.4 41.9 29.8

1-20 3.1 4.3 2.7 5.3

21-79 5.8 25.5 23.0 19.2

≥80 0.8 29.8 32.4 45.7

CMV .2

D+/R- 14.6 14.9 13.5 10.6

D+/R+ 29.2 38.3 40.5 43.6

Other 56.2 46.8 46.0 45.8

Donor

Age, mean (SD) 44.0 (12.6) 43.9 (14.0) 44.7 (11.2) 44.9 (13.1) .9

Race/ethnicity .2

White 76.5 78.7 68.9 66.0

Black 16.2 17.0 16.2 23.4

Other 7.3 4.3 14.9 10.6

Related donor 47.3 36.2 29.7 25.5 .001

Immunosuppression

Desensitization regimen

Rituximab — 44.7 58.1 84.0 <.001

(Continues)
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3.7.3  |  Effect modification of adverse impact of 
infections: ILDKT versus CLDKT

To determine if ILDKT status was associated with additional risk 
beyond that associated with number of infections post–KT, we in-
cluded an interaction term in each model to test whether ILDKT 
recipients had the same risk of adverse posttransplant outcomes 
as CLDKT recipients with the same number of infections post–KT. 
The risk of hospitalization, acute cellular rejection, or mortality was 
no higher for ILDKT than for CLDKT recipients, irrespective of the 
number of infections developed (p for interactions ≥.1) (Table 4).

4  |  DISCUSSION

In this single-center study using systematic, granular ascertainment 
of posttransplant infections in 475 living donor kidney recipients, 
ILDKT recipients were at higher risk than CLDKT recipients for many 
infectious complications during the first year post–KT. At 1 year, the 
cumulative incidence of a post–KT infection ranged from 50.1% in 
those who received no desensitization to 73.5% for recipients who 
received high-intensity desensitization. We found a comparable inci-
dence rate of infection for recipients who received low or moderate 

Characteristics

CLDKT ILDKTa 

P 
valueNone (n = 260) Low (n = 47)

Moderate 
(n = 74) High (n = 94)

Eculizumab — 10.6 6.8 21.3 .02

Bortezomib — 0.0 0.0 4.3 .2

C1 esterase inhibitor — 0.0 0.0 9.6 .002

Splenectomy .002

Yes — 0.0 0.0 10.6

Previous history — 0.0 1.4 2.1

High-dose IVIg — 0.0 0.0 1.1 1.0

Number of desensitization agents 
received

<.001

0 — 44.7 39.2 10.7

1 — 55.3 55.4 58.5

2 — 0.0 5.4 20.2

3 — 0.0 0.0 8.5

4 — 0.0 0.0 2.1

Induction immunosuppression <.001

No induction 3.5 0.0 0.0 0.0

Thymoglobulin only 91.9 87.2 86.5 81.9

Basiliximab only 4.6 12.8 10.8 8.5

Both 0.0 0.0 2.7 9.6

Abbreviations: BMI, body mass index; CLDKT, compatible living donor kidney transplantation; cPRA, calculated panel reactive antibody; CMV; 
cytomegalovirus; D, donor; ESRD, end-stage renal disease; FSGS; focal segmental glomerulosclerosis; IQR, interquartile range; ILDKT, incompatible 
living donor kidney transplantation; LDKT living donor kidney transplantation; R, recipient; SD, standard deviation.
aLow (0-4 plasmaphereses), moderate (5-9 plasmaphereses), and high (≥10 plasmaphereses). 

Table 1 (Continued)

F I G U R E  1  Time to first infection within 1-year posttransplant, by 
intensity of desensitization. Compared to recipients who received 
no desensitization (i.e., CLDKT), ILDKT recipients had a faster 
time to infection. At 1 month, the post–KT incidence was 19.2%, 
25.5%, 28.4%, and 45.9% for recipients who received none, low, 
moderate, and high levels of desensitization, respectively (P < .001). 
At 6 months, the post–KT incidence was 37.2%, 43.0%, 54.6%, and 
70.1% for recipients who received none, low, moderate, and high 
levels of desensitization (P < .001). At 1 year, the post–KT incidence 
was 50.1%, 49.8%, 66.0%, and 73.5% for recipients who received 
none, low, moderate, and high levels of desensitization (P < .001)



    |  1571AVERY et al.

intensity desensitization, but a 2.2-fold higher incidence rate of in-
fection for those who received high-intensity desensitization com-
pared to recipients who received none. A higher incidence of urinary 
tract infections, bloodstream infections, pneumonias, Clostridium 
difficile, surgical site infections, invasive fungal infections, and op-
portunistic infections was associated with increasing intensity of 
desensitization.

Additionally, recipients who developed infections had signifi-
cantly more hospitalization days than those with no infections during 
the first post–KT year. Specifically, recipients with 1-3 infections 
during the first post–KT year had a 1.3-fold increase, and those with 
≥4 infections had a 3.6-fold increase in the rate of hospitalization 

days. Furthermore, recipients with ≥4 infections had a 4.0-fold 
higher risk of death-censored graft failure. A small group of patients, 
most of whom had undergone high-intensity desensitization, had 
extremely high numbers of infections during the first posttransplant 
year (10 had 7–9 infections, and 7 had ≥10 infections); these patients 
had a median of 106 and 117 hospitalization days, respectively; 60% 
of those with 7-9 infections and 43% of those with ≥10 infections 
died. There is clearly much to be learned about the heterogeneity 
within the ILDKT group, and not all of this can be explained by in-
tensity of desensitization, as only 14/94 (15%) of those who had 
received high-intensity desensitization were in this ultra-high-risk 
group with 7 or more infections.

CLDKT ILDKTa

None Low Moderate High

Time to first infection, 
wHR

ref 0.551.112.23 0.901.482.44 1.101.712.66

Rate of infection, wIRR ref 0.771.402.56 0.881.352.06 1.332.223.72

Abbreviations: wHR, weighted hazard ratio; wIRR, weighted incidence rate ratio; CLDKT, 
compatible living donor kidney transplantation; ILDKT, incompatible living donor kidney 
transplantation.
Bold indicates P < .05.
aLow (0-4 plasmaphereses), moderate (5-9 plasmaphereses), and high (≥10 plasmaphereses). 

TA B L E  2  Incidence of infection at 
1-year posttransplant, by intensity of 
desensitization (%)

TA B L E  3  Incidence of infection at 1-year posttransplant, by intensity of desensitization (%)

Infection

CLDKT

P-valuea 

ILDKTb 

P-
valuec 

None 
(n = 260) Overall (n = 215)

Low
(n = 47) Moderate (n = 74)

High
(n = 94)

Median number, (IQR) 1 (0, 2) <.001 1 (0, 3) 1 (0, 3) 1 (1, 3) 2 (1, 4) <.001

Type

Urinary tract 21.5 .004 33.5 31.9 25.7 40.4 .005

Opportunistic 10.8 <.001 21.9 21.3 20.3 23.4 .008

BK virus

DNAemia 18.5 .1 12.6 14.9 14.9 9.6 .2

BKVAN 3.1 .005 9.3 10.6 9.5 8.5 .02

Bloodstream 5.4 <.001 19.1 14.9 14.9 24.5 <.001

CMV

DNAemia 10.0 .6 12.1 6.4 8.1 18.1 .1

Tissue invasive 0.8 .3 2.3 0.0 2.7 3.2 .2

Pneumonia 4.6 .002 12.1 8.5 10.8 16.0 .005

C. difficile 3.8 <.001 13.5 8.5 9.5 19.1 <.001

Other viral 3.5 .007 9.8 6.4 10.8 10.6 .02

Surgical site 3.8 .2 6.5 0.0 5.4 10.6 .03

Gastroenteritis 4.6 .8 5.1 8.5 1.4 6.4 .2

Invasive fungal 2.3 .02 7.0 2.1 2.7 12.8 .001

Skin/soft tissue 2.3 .1 5.1 2.1 4.1 7.4 .1

Abbreviations: BKVAN, BK virus-associated nephropathy; C. difficile, Clostridium difficile; CMV, cytomegalovirus; IQR, interquartile range.
ap-value tests difference between overall ILDKT vs. CLDKT. 
bLow (0-4 plasmaphereses), moderate (5-9 plasmaphereses), and high (≥10 plasmaphereses).  
cp-value tests difference between intensity of desensitization vs. CLDKT.  
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Previous studies that have reported infection data in HLAi ILDKT 
recipients have reported divergent results.23–27 Kahwaji et al found no 
significant differences in infection risk between ILDKT who received 
rituximab plus IVIg for desensitization, compared with a nonsensitized, 
ABO-compatible group.23 By contrast, Kamar et al reported increased 
risk for fungal, and decreased risk for viral infections, with use of ritux-
imab for any indication in KT recipients.24 The Korean national registry 

study reported infections in terms of causes of death, but did not in-
clude data on incidence of infections or specific infections.27 Reasons 
for these heterogeneous results could include differences in patient 
populations, immunosuppression and desensitization protocols, and 
infection definitions and ascertainment. This heterogeneity under-
scores the need for more research to delineate differential risks be-
tween ILDKT and CLDKT groups.

F I G U R E  2  Incidence of infection at 1-year posttransplant, by transplant type. There was wide variation in the types of infections 
developed between ILDKT and CLDKT recipients during the first year posttransplant. The most common infections were UTIs (overall: 
27.0%; ILDKT: 15.2%), opportunistic infections (overall: 15.8%; ILDKT: 9.9%), and BK DNAemia (overall: 15.8%; ILDKT: 5.8%). The least 
common infections were gastroenteritis (overall: 4.8%; ILDKT: 2.3%), invasive fungal (overall: 4.5%; ILDKT: 3.2%), skin/soft tissue infections 
(overall: 3.6%; ILDKT: 2.3%), and tissue-invasive CMV (overall: 1.5%; ILDKT: 1.1%). BKVAN, BK virus-associated nephropathy; CMV, 
cytomegalovirus; C. difficile, Clostridium difficile; UTI, urinary tract infection

F I G U R E  3  Frequency of incident and recurrent infections from years 1-3 posttransplant, by intensity of desensitization. ILDKT recipients 
were more likely to develop both incident and recurrent infections, particularly those who were highly desensitized. In the second year 
post–KT, 23.2% of recipients developed an infection; of these, 66.4% were recurrent infections (none = 12.7%, low = 19.1%, moderate = 
13.5%, high = 22.3%). In the third year post–KT, 16.6% of recipients developed an infection; of these, 84.8% were recurrent infections (none 
= 12.7%, low = 10.6%, moderate = 14.9%, high = 19.1%)
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Our study has some limitations worthy of mention. First, as 
with any single-center investigation, there are always limita-
tions to generalizability. However, our findings are likely gener-
alizable to other centers using PP/IVIG-based protocols, which 
represents the majority of HLAi centers worldwide. Additionally, 
our findings are likely generalizable to other protocols, given that 
we found a “dose-response” with intensity of desensitization. 
Second, infections resulting in admission to other medical centers 
may not have been reported in our transplant center's electronic 
medical record; however, particularly in the first post–KT year, 
our center is vigilant about obtaining outside medical records on 
our recipients, and most patients hospitalized at outside centers 
with serious infections are transferred to our center for further 
management. Therefore, we feel that focusing only on the most 
serious infections, and on the first posttransplant year, has min-
imized the likelihood of missing substantial numbers of these 
infections.

In conclusion, ILDKT recipients are at increased risk for recurrent 
posttransplant infection, particularly those undergoing high inten-
sity of desensitization (≥10 plasmapheresis treatments, +/- ritux-
imab, bortezomib, or other agents). These post–KT infections have 
a substantial impact on outcomes: development of ≥4 infections in 
the first year was associated with increased hospitalization days and 

death-censored graft failure. With these adverse outcomes in mind, 
optimizing infection prevention is crucial in this population. Further 
study is required before firm recommendations can be made, but 
interventions might include more frequent monitoring of microbi-
ologic and immunologic parameters in high-risk patients, and/or 
individualized antimicrobial prophylaxis programs based on each 
patient's previous patterns of infection. A better understanding of 
the high-risk phenotype for infections will enable development of 
improved protocols for infection prevention in the most vulnerable 
patients.
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Overalla  CLDKTb  ILDKTb 
P for 
interactionc 

Hospitalization days, 
IRR

0 infections ref ref ref —

1-3 infections 1.051.321.66 1.091.331.63 1.141.441.80 .6

≥4 infections 2.623.574.88 2.663.905.71 2.934.005.44 .9

Acute cellular 
rejection, OR

0 infections ref ref ref —

1-3 infections 0.530.941.67 0.621.674.50 0.380.761.52 .2

≥4 infections 0.230.661.92 0.121.1010.01 0.300.932.94 .9

Mortality, HR

0 infections ref ref ref —

1-3 infections 0.460.931.88 0.822.135.49 0.340.811.91 .1

≥4 infections 0.431.153.03 0.291.497.63 0.862.255.89 .7

Death-censored graft 
failure, HRd 

0 infections ref

1-3 infections 0.661.825.05 — — —

≥4 infections 1.154.0113.95

Abbreviations: HR; hazard ratio; IRR, incidence rate ratio; OR, odds ratio; CLDKT, compatible living 
donor kidney transplantation; ILDKT, incompatible living donor kidney transplantation.
Bold indicates P < .05.
aOverall: weighted analyses (i.e., wIRR, wOR, wHR). 
bCLDKT/ILDKT: adjusted analyses (i.e., aIRR, aOR, aHR). 
cp for interaction compares CLDKT vs. ILDKT. 
dDid not achieve convergence for CLDKT and ILDKT estimates. 

TA B L E  4  Adverse impact of infections, 
according to number of infections 
developed within 1-year post–KT and 
transplant type
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