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Abstract

Background—HIV infection is associated with high rates of acute rejection following kidney 

transplantation. The underlying mechanisms for such predisposition are incompletely understood. 

Pathological immune activation is a hallmark of chronic HIV infection that persists despite 

effective antiretroviral therapy. We hypothesized that the baseline levels of T cell activation in 

HIV+ candidates would correlate with their risk of acute rejection following kidney 

transplantation.

Methods—Single-center retrospective cohort analysis of HIV+ adult kidney transplants 

performed between October 2006 and September 2013. The frequency of CD3+HLA-DR+ cells 

measured by flow cytometry served as a surrogate marker of immune activation. Patients were 

categorized into tertiles of activation, and the rates of biopsy-proven acute rejection were 

compared across groups.

Results—(1) Compared to matched HIV− controls, the baseline number of CD3+HLA-DR+ cells 

was higher in HIV+ kidney transplant candidates. (2) Abnormally high levels of activation did not 

decrease with transplant-associated immunosuppression. (3) Patients categorized within the lower 

and middle CD3+HLA-DR+ tertiles had higher probability of rejection during the first 3 years 

post-transplant compared to those in the higher activation tertile (36.9% vs. 0%; log-rank P= .04).
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Conclusions—Pathological immune activation in HIV+ transplant candidates does not explain 

their increased susceptibility to allograft rejection. Paradoxically, those with the highest levels of 

immune activation seem to be less prone to rejection.
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1. Introduction

Human immunodeficiency virus (HIV) infection was once considered a contraindication for 

kidney transplantation. With the advent of effective antiretroviral therapy (ART), a growing 

number of people living with HIV in the United States are aged 50 and older. The aging of 

the HIV population and the high prevalence of end-stage renal disease in HIV-infected 

(HIV+) individuals [1-2], has led to a rise in the number of kidney transplants performed in 

HIV+ recipients over the last fifteen years [3]. Large cohort studies and registry data indicate 

that patient and graft survival rates following kidney transplantation in HIV+ recipients are 

comparable to that of HIV-uninfected (HIV−) controls [3-6]. Concerns remain, however, 

regarding the high incidence of acute rejection in HIV+ recipients [3, 5, 7]. A two to three-

fold higher-than-expected rejection rate was observed in the largest prospective trial of 

kidney transplantation in HIV+ recipients [5]. The underlying mechanisms for the increased 

susceptibility to rejection in HIV+ recipients remain poorly understood.

Chronic HIV infection is characterized by pathological immune activation [8-12]. Even 

among HIV+ individuals with evidence of viral load suppression and normalization of the 

CD4 count (>900 cells/μL) in response to ART, the frequency of activated (HLA-DR+) 

effector memory CD4+ T cells remains elevated compared to HIV− persons [10]. Thus, it 

could be expected that HIV+ kidney transplant candidates with well controlled HIV infection 

can have abnormal levels of immune activation at the time of transplantation. It is 

increasingly recognized that the levels of immune activation in HIV+ individuals correlate 

with the incidence of non-AIDS morbidity and mortality [11]; we hypothesized that the 

baseline levels of T cell activation in HIV+ candidates would correlate with their risk of 

acute rejection following kidney transplantation.

2. Objective

In the present study, we investigated the influence of pre-transplant immune activation levels 

on the cumulative incidence of acute rejection in a group of 36 HIV− to HIV+ kidney 

allograft recipients transplanted at our institution over a 7-year period.

3. Patients and methods

3.1 Study subjects

Single-center retrospective cohort analysis; HIV− to HIV+ adult, first-time kidney 

transplants performed between October 2006 and September 2013, with available 

information on baseline (within 3 months prior to transplant) immune activation levels were 

identified. All HIV+ recipients had an undetectable viral load at the time of transplant. All 
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patients but one (a kidney-liver recipient) had CD4 count >200 cells/mm3 at the time of 

transplant. A group of 118 age-, transplant year- and type of donor (living vs. deceased)-

matched HIV− kidney transplant recipients served as a control group in selected analyses. 

The study was approved by the institutional review board (#20150614).

3.2 Immunosuppression protocol

All patients received induction immunosuppression with anti-thymocyte globulin (ATG, 

1mg/kg IV × 3 doses; two additional doses were given to kidney-pancreas and kidney 

recipients with slow or delayed graft function) plus anti-CD25 mAb × 2 doses and 

methylprednisolone (500 mg IV daily × 3 doses). Maintenance immunosuppression regimen 

consisted of tacrolimus, mycophenolate and prednisone. At our center, tacrolimus is started 

soon after transplant, typically on post-operative day 1 or 2. Target level: 6-8 ng/mL during 

the first three months and 5-7 ng/mL after three months post-transplant. Higher levels are 

targeted for highly sensitized patients.

3.3 Flow cytometry

The frequency of activated (CD3+HLA-DR+) T cells was routinely measured in peripheral 

blood samples at baseline, 4, 12, 26 and 52 weeks post-transplant. Surface staining was 

performed on whole blood using the Lyse/No-Wash protocol. At least 5,000 events were 

collected on the lymphocyte gate for each sample. Cells were acquired on a BD 

FACSCalibur™ flow cytometer (BD Systems) and analyzed using the BD Multiset software.

3.4 Statistics

We stratified the cohort by tertiles of T cell activation as measured by HLA-DR expression. 

The Kaplan-Meier plots with a log-rank test, Fisher exact test, Kruskal-Wallis test, Wilcoxon 

signed-rank test were used where appropriate. Statistical analyses were performed using 

SAS 9.2 (Cary, NC).

4. Results

4.1 Patient characteristics

A total of 36 HIV+ kidney recipients had T cell activation data available within 3 months 

prior to transplantation (Table 1). The median post-transplant follow-up was 2.3 years (IQR, 

0.9-4.3). The median age at the time of transplant was 47 years (range, 30-68). Most patients 

were males (75%) and African-American (72%). The median duration of HIV diagnosis 

prior to transplant was 10 years. Median CD4 count at time of transplant was 586 (IQR, 

345-704) cells/mm3. All patients attained ART-induced viral load suppression (<400 

copies/ml) post-transplant.

Patients were categorized into tertiles based on the pre-transplant percentage of CD3+HLA-

DR+ cells as follows: ≤4.72 (lower); 4.73-9.36 (middle) and ≥9.37 (upper). The mean (SD) 

percentage of CD3+HLA-DR+ was 8.8 (6.9) for the entire cohort, and 3 (1.2), 6.2 (1) and 17 

(6) for the lower, middle, and upper tertiles, respectively. There were no differences in the 

baseline characteristics, immunosuppressive or ART regimens between groups (Table 1). 

Notably, despite the fact that a significant proportion of patients were on protease inhibitor- 
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and/or nonnucleoside reverse transcriptase inhibitor-containing ART regimens (which pose 

challenging drug-drug interactions with calcineurin inhibitors), the median levels of 

tacrolimus at 4, 12, 26 and 52 weeks post-transplant were within the therapeutic range, and 

were comparable across groups by HLA-DR strata (Table 1).

4.2 Levels of immune activation by HIV status

Compared to a group of 118 age-, transplant year- and type of donor-matched HIV− 

controls, the baseline percentage of CD3+HLA-DR+ cells was higher in HIV+ candidates 

(median [IQR], 6.13 [5.96] vs. 3.8 [3.48]; p<0.0003). These abnormally high levels of T cell 

activation in HIV+ recipients were not reduced by the induction/maintenance 

immunosuppressive therapy; on the contrary, the frequency of CD3+HLA-DR+ cells 

appeared to increase from baseline at six months and one year post-transplant (6.08 [7.35], 

4.74 [6.25], 9.72 [12.9] and 11.8 [11.4] at 4, 12, 26 and 52 weeks post-transplant, 

respectively). A similar trajectory of the number of HLA-DR-expressing T cells was 

observed in HIV− recipients (data not shown).

4.3 Immune activation and rejection rates

Eight (22%) HIV+ recipients had a first episode of biopsy-proven acute rejection during the 

study follow-up; six (75%) of them due to cellular or mixed rejection. There was a trend 

towards higher frequency of pre-transplant CD3+HLA-DR+ cells among patients without 

episodes of acute rejection at one year (median [IQR]: 7.05 [10.5] vs. 4.67 [1.38], P= .07) 

and three years (7.17 [10.5] vs. 4.73 [2.68], P= .10) compared to those who experienced 

rejection. The cumulative incidence of acute rejection at 1 and 3 years for patients in the 

lower, middle and upper tertiles of activation were as follows: 31.8%, 17.5%, and 0%; and 

31.8%, 35.8%, and 0%, respectively. Patients categorized within the lower and middle 

CD3+HLA-DR+ tertiles had higher probability of rejection during the first 3 years post-

transplant compared to those in the higher tertile (36.9% vs. 0%; log-rank P= .04; Figure 1). 

The rate of serious non-opportunistic infections (i.e., those requiring hospital admission) at 

six months was not different by CD3+HLA-DR+ tertiles (41.6 vs. 29.1 for the upper vs. 

lower/middle tertiles; P= .48). Pre-transplant levels of immune activation did not influence 

patient survival or death-censored graft survival (data not shown).

5. Discussion

Supporting the notion that HIV infection is associated with increased risk of allograft 

rejection [3, 5, 7], the incidence of acute rejection among HIV+ individuals was higher than 

that previously reported by our group [13] in HIV− kidney recipients (22% versus 14% at 36 

months, respectively). Similarly, consistent with previous reports [8, 10, 12] we observed 

abnormally high levels of immune activation in HIV+ individuals compared to HIV− 

controls.

To date no study has examined the impact of dysregulated immune activation, a hallmark of 

chronic HIV infection [8-12], on the increased risk of allograft rejection in HIV+ kidney 

transplant recipients. Contrary to our expectations, we observed a paradoxical protective 

effect of high levels of T cell activation in HIV+ transplant candidates.
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Since the expression of HLA-DR on T cells mirrors that of programmed cell death-1 (PD-1) 

[10, 12], an inhibitory receptor and marker of immune exhaustion [14], we speculate that 

HIV+ transplant recipients with aberrant immune activation have an excess of exhausted T 

cells which favors immunological tolerance of the allograft. Although not statistically 

significant, the fact that there was a stepwise increase in the median duration of HIV 

diagnosis prior to transplant by activation tertiles (namely seven, ten, and fifteen years for 

those in the lower, middle and upper tertile, respectively [Table 1]) suggests that individuals 

with more protracted HIV infection might exhibit a more advanced stage of immune 

exhaustion that is protective against allograft rejection. Although this hypothesis requires 

further investigation, our data serve as a prelude to prospective studies aimed to examine the 

link between T cell activation and immune exhaustion on the risk of allograft rejection in 

HIV+ transplant recipients.

Reduced exposure to immunosuppressive agents, previous allosensitization and HIV 

infection of the allograft are also thought to contribute to the increased rates of rejection in 

HIV+ recipients [5, 15]. In addition, CMV replication is considered a significant cause of 

immune activation in chronic HIV infection [16] and a potential risk factor for acute 

rejection in kidney transplant recipients [17]. As shown in Table 1, the serum levels of 

tacrolimus and the number of sensitized patients in this cohort were similar across groups. 

All the patients studied here were CMV seropositive at the time of the transplant, and all 

received a minimum of three months of antiviral prophylaxis per protocol. Only two cases of 

transient CMV viremia >500 copies/mL were identified. Thus, the association between 

immune activation and acute rejection in HIV+ recipients observed here seems to be 

independent of CMV reactivation, previous allosensitization and drug-drug interactions 

between ART and immunosuppressive agents.

Activated/effector T regulatory cells are depleted during HIV infection [18] and are thought 

to play an important role in controlling alloreactivity after kidney transplant [19]. In our 

cohort, the number of CD4+CD25high T cells was lowest amongst patients categorized to the 

upper activation tertile (Table 1); this finding suggests that the frequency of T cells with 

potential regulatory function do not explain the lower risk of allograft rejection we observed 

among patients with the highest levels of immune activation.

We observed an increased frequency of HLA-DR-expressing T cells at 26 and 52 weeks 

post-transplant in both HIV− and HIV+ cohorts. The reasons for this phenomenon require 

further investigation. We speculate that this increase in CD3+HLA-DR+ cells might reflect a 

relative paucity of naïve T cells with homeostatic expansion of the effector memory T cell 

repertoire, an immune reconstitution pattern that has been previously described in ATG-

treated kidney transplant recipients [20].

We recently showed that ATG-treated HIV+ kidney transplant recipients with a baseline 

CD4<350 cells/mm3 have higher risk of severe lymphopenia (CD4<200 cells/mm3) and 

associated infectious complications [21]. Given the narrow therapeutic window of ATG in 

this population, it has been proposed that administration of this agent should be restricted to 

patients at very high immunologic risk for rejection [5, 21]. Considering the null rates of 

acute rejection at 3 years we observed among HIV+ recipients categorized to the upper 
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CD3+HLA-DR+ tertile, it is conceivable that individuals with high pre-transplant immune 

activation levels, particularly those with CD4<350 cells/mm3, might benefit of less intense 

lymphodepletion during induction therapy.

One potential limitation of the present study is that we relied on a single marker of T cell 

activation. However, the utility of HLA-DR expression as a single surrogate marker of T cell 

activation has been validated previously in several HIV cohorts [10, 12, 22, 23]. Given the 

retrospective nature of the study we were unable to estimate the activation status of CD4 and 

CD8 naïve/memory T cell subsets; small sample size is another limitation and our findings 

need to be validated in larger prospective studies. Despite these limitations, our findings 

provide evidence for a previously unrecognized link between HIV-associated immune 

activation and the risk of allograft rejection in HIV+ kidney recipients.
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ART antiretroviral therapy

ATG anti-thymocyte globulin

CMV cytomegalovirus

HIV human immunodeficiency virus

HIVAN HIV-associated nephropathy

INSTI integrase strand transfer inhibitor

IQR inter-quartile range

IVIG intravenous immunoglobulin

PRA panel reactive antibody

PI protease inhibitor

mAb monoclonal antibody

MMF mycophenolate mofetil

NRTI nucleoside reverse transcriptase inhibitor

NNRTI non-nucleoside reverse transcriptase inhibitor
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• To date no study has examined the impact of dysregulated immune 

activation, a hallmark of chronic HIV infection, on the increased risk of 

allograft rejection in HIV+ kidney transplant recipients.

• Abnormally high levels of activation in HIV+ kidney allograft 

recipients did not decrease with transplant-associated 

immunosuppression.

• Paradoxically, those individuals with the highest levels of immune 

activation seemed to be less prone to rejection.

• Pathological immune activation in HIV+ transplant candidates does not 

explain their increased susceptibility to allograft rejection.
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Figure 1. 
Rejection-free survival at three years by baseline T cell activation status. Solid line 

represents the group of patients categorized within the lower and middle CD3+HLA-DR+ 

tertiles (n=24). Dashed line represents the group of patients within the upper CD3+HLA-

DR+ tertile (n=12). Number of patients in each group is shown in the bottom.
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Table 1

Baseline Characteristics of 36 HIV+ Kidney Transplant Recipients by immune activation tertiles

Characteristic
CD3+HLA-DR+ tertiles

Overall N=36 P Value
a

Lower n=11 Middle n=13 Upper n=12

Age at time of transplant, No. (%), y

    18-34 1 (9.1) 4 (11.1) 0 5 (13.9)

    35-49 7 (63.6) 6 (46.1) 7 (58.3) 20 (55.6)

    50-65 2 (18.2) 3 (23.1) 5 (41.7) 10 (27.8) .24

    >65 1 (9.1) 0 0 1 (2.8)

Male, No. (%) 9 (81.8) 8 (61.5) 10 (83.3) 27 (75) .44

African-American, No. (%) 8 (72.7) 9 (69.2) 9 (75) 26 (72.2) >.99

Co-morbidities, No. (%)

    Diabetes mellitus 2 (18.2) 3 (23.1) 1 (8.3) 6 (16.7) .75

    Hypertension 7 (63.6) 6 (46.1) 8 (66.7) 21 (58.3) .59

    HIVAN 
b 8 (80) 7 (53.8) 9 (75) 24 (66.7) .43

    Hepatitis C 3 (27.3) 1 (7.7) 1 (8.3) 5 (13.9) .40

Immunosuppressive agents, No. (%)

    ATG 11 (100.0) 13 (100.0) 12 (100.0) 36 (100.0) >.99

    Basiliximab 11 (100.0) 13 (100.0) 12 (100.0) 36 (100.0) >.99

    Methylprednisolone 11 (100.0) 13 (100.0) 12 (100.0) 36 (100.0) >.99

    IVIG 0 4 (30.8) 1 (8.3) 5 (13.9) .10

    Rituximab 1 (9.1) 2 (15.4) 1 (8.3) 4 (11.1) >.99

    Tacrolimus 11 (100.0) 13 (100.0) 11 (91.7) 35 (97.2) .64

    MMF 11 (100.0) 13 (100.0) 11 (91.7) 35 (97.2) .64

    Prednisone 10 (90.9) 10 (76.9) 10 (78.3) 30(83.3) .85

    Sirolimus 2 (18.2) 0 1 (8.3) 3 (8.3) .19

    Cyclosporine 0 1 (7.7) 1 (8.3) 2 (5.6) >.99

Donor age, median (IQR), y 30 (21-48) 36 (21-45) 46 (35-50) 37 (28-48) .13

Living donor, No. (%) 0 5 (38.5) 4 (33.3) 9 (25) .06

Cold ischemia time ≥36 hours, No. (%)
c 3 (42.9) 2 (22.2) 2 (16.7) 7 (25) .47

Delayed-graft function, No. (%)
d 2 (18.2) 1 (7.7) 3 (25) 6 (16.7) .55

ABC-PRA <5%, No. (%)
e 9 (90) 12 (100) 11 (91.7) 32 (94.1) .74

DR-PRA <5%, No. (%)
e 9 (90) 11 (91.7) 11 (91.7) 31 (91.2) >.99

HLA-ABDR mismatches >5, No. (%) 4 (36.4) 5 (38.5) 5 (41.7) 14 (38.9) >.99

CMV viremia >500 copies/mL, No. (%)
f 0 2(18.2) 0 2(5.9) .20

BK viremia >10,000 copies/mL, No. (%)
f 2(25) 0 1(8.3) 3(10.3) .34

Duration of HIV diagnosis, median (IQR), y 7 (5-13) 9.5 (5-12) 14.5 (8-17) 10 (5-15) .16
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Characteristic
CD3+HLA-DR+ tertiles

Overall N=36 P Value
a

Lower n=11 Middle n=13 Upper n=12

Study follow-up, median (IQR), y 1.2 (0.7-2.8) 3.2 (1.9-4.9) 2.8 (1-4.3) 2.3 (0.9-4.3) .27

Pre-transplant CD4+, median (IQR), cells/μl 483 (315-666) 628 (382-686) 580 (291-723) 586 (345-704) .80

Pre-transplant CD4/CD8 ratio, median (IQR) 0.7 (0.6-1.3) 0.7 (0.7-1) 0.6 (0.35-0.8) 0.7 (0.6-1) .26

Pre-transplant % CD4+ CD25high, median (IQR) 2.87 (2.47-4.11) 2.09 (1.54-2.61) 1.84 (1.54-2.34) 2.32 (1.68-2.82) .04

ART class, No. (%)
g

    NRTI 11 (100.0) 12 (92.3) 10 (83.3) 33 (91.7) .63

    NNRTI 1 (12.5) 2 (15.4) 5 (41.7) 8 (22.2) .16

    INSTI 2 (18.2) 4 (30.8) 4 (33.3) 10 (27.8) .72

    PI 8 (72.7) 11 (84.6) 7 (58.3) 26 (72.2) .37

Tacrolimus level at 4 weeks, median (IQR), ng/mLj 5.9 (4.4-10.9) 6.1 (5.7-10.2) 7.6 (3.9-9.2) 6.6 (4.1-10.2) .95

Tacrolimus level at 12 weeks, median (IQR), 
ng/mLj

6.3 (5-8.3) 6 (5-7.9) 5.6 (4.8-6.7) 5.9 (4.8-7.7) .63

Tacrolimus level at 26 weeks, median (IQR), 
ng/mLj

6 (4-7.2) 7.2 (4.9-10) 6.3 (6.1-6.7) 6.2 (4.9-8.7) .54

Tacrolimus level at 52 weeks, median (IQR), 
ng/mLj

5.3 (4.4-7) 6.6 (3.9-8.4) 7.2 (6.3-10.9) 6.4 (4.7-8.3) .32

Abbreviations: ART, antiretroviral therapy; ATG, anti-thymocyte globulin; CMV, cytomegalovirus; HIV, human immunodeficiency virus; HIVAN, 
HIV-associated nephropathy; INSTI, integrase strand transfer inhibitors; IQR, interquartile range; IVIG, intravenous immunoglobulin; MMF, 
mycophenolate mofetil; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non-nucleoside reverse transcriptase inhibitors; PI, protease 
inhibitors. PRA, panel reactive antibody.

a
P values were calculated with the use of Fisher exact test for categorical data and Kruskal-Wallis for continuous data.

b
Includes presumptive diagnosis (i.e., no kidney biopsy available).

c
Data available for 28 patients.

d
Defined as need for hemodialysis during the first week post-transplant.

e
Data available for 34 patients.

f
Refers to CMV and BK viremia during first year post-transplant.

g
Refers to ART regimen post-transplant.
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