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Abstract

In current practice HIV+ candidates with CD4 >200 cells/mm3 are eligible for kidney 

transplantation. However, the optimal pre-transplant CD4 count above this threshold remains to be 

defined. We evaluated clinical outcomes in patients with baseline CD4 >350 and <350 cells/mm3 

among 38 anti-thymocyte globulin (ATG)-treated HIV- to HIV+ kidney transplants performed at 

our center between 2006 and 2013. Median follow-up was 2.6 years. Rates of acute rejection, 

patient and graft survival were not different between groups. However, occurrence of severe CD4 

lymphopenia (<200 cells/mm3) was more common among individuals with a baseline CD4 count 

200–349 cells/mm3 compared to those transplanted at higher counts (75% vs 30% at 4 weeks 

[p=0.04] and 71% vs 5% at 52 weeks [p=0.001] post-transplant, respectively). After adjusting for 

age, baseline CD4 count of 200–349 cells/mm3 was an independent predictor of severe CD4 

lymphopenia at 4 (RR, 2.6; 95% CI, 1.3–5.1) and 52 weeks (RR, 14.3; 95% CI, 2–100.4) post-

transplant. Patients with CD4 <200 cells/mm3 at 4 weeks had higher probability of serious 

infections during first 6 months post-transplant (19% vs. 50%; log-rank 0.05). These findings 

suggest that ATG must be used with caution in HIV+ kidney allograft recipients with a pre-

transplant CD4 count <350 cells/mm3.
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 INTRODUCTION

End-stage renal disease is an important complication of chronic human immunodeficiency 

virus (HIV) infection that carries significant morbidity and mortality (1, 2). Kidney 

transplant has become a viable alternative for individuals with end-stage renal disease since 

it is associated with better quality of life, fewer medical complications, longer survival than 

chronic dialysis treatment, and lower cost (3–5). Once considered a contraindication for 

solid organ transplant, the feasibility of kidney transplantation in HIV-infected (HIV+) 

individuals in now well established (5–11). Indeed, more than 500 kidney transplants in 

HIV+ recipients have been performed in the US over the last 15 years with good outcomes 

and patient/graft survival rates that, in the absence of hepatitis C virus (HCV) co-infection, 

resemble those of HIV-negative (HIV−) controls (6, 7).

HIV infection is associated with a 2 to 3-fold increase in the risk of rejection following 

kidney transplant (6, 11, 12). Administration of anti-thymocyte globulin (ATG) reduces the 

risk of rejection to that of HIV− recipients (12). The biologic half-life of ATG is prolonged 

(~30 days) (13) and its effects long lasting, with incomplete CD4 reconstitution persisting 

for several years in some cases (14, 15). This poses a therapeutic dilemma since the 

salutatory effects of ATG on rejection rates must be balanced against the risk of profound 

lymphopenia and associated infections in the post-transplant period (11).

In order to be eligible for kidney transplant, HIV+ candidates must have a sustained 

undetectable viral load and CD4 count >200 cells/mm3 (9). The optimal pre-transplant CD4 

count above this threshold, however, remains to be defined. Since immune reconstitution in 

HIV infection is severely impaired when the CD4 count falls below 350 cells/mm3 (16–18), 

HIV+ transplant recipients with baseline CD4 between 200–349 cells/mm3 might have a 

higher risk of prolonged lymphopenia following ATG induction. We conducted a 

retrospective cohort analysis of ATG-treated HIV+ kidney allograft recipients transplanted at 

a single center over a 7-year period, with the aim of assessing the impact of the pre-

transplant CD4 count on immune reconstitution and post-transplant clinical outcomes.

 METHODS

 Study subjects

HIV+ adult, first-time kidney transplants performed at the Miami Transplant Institute – 

Jackson Memorial Hospital between October 2006 and September 2013, with available 

information on baseline (within 3 months prior to transplant) and post-transplant lymphocyte 

counts were identified (n=38). All HIV+ recipients had an undetectable viral load at the time 

of transplant. All patients but one (a kidney-liver recipient) had CD4 count >200 cells/mm3 

at the time of transplant. A group of 76 age-matched deceased donor HIV− kidney transplant 

recipients (median age 51, IQR 45-56) transplanted between 2006 and 2011 who received 

ATG plus anti-CD25 monoclonal antibody (mAb) induction, served as reference for 

comparison in selected analyses. The study was approved by the institutional review board 

(IRB protocol #20150614).
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 Immunosuppression and antimicrobial prophylaxis protocols

All patients received induction immunosuppression with ATG (1mg/kg IV x 3 doses; two 

additional doses were given to kidney-pancreas and selected kidney recipients with slow or 

delayed graft function, DGF) plus anti-CD25 mAb x 2 doses and methylprednisolone (500 

mg IV daily x 3 doses). The most common maintenance immunosuppression regimen 

consisted of mycophenolate (97%), tacrolimus (97%) and prednisone (84%). All patients 

received 3–6 months of valganciclovir (900 mg po daily or renally-adjusted dose) based on 

donor/recipient serostatus, and life-long trimethoprim/sulfamethoxazole (80/400 mg daily 

while Foley catheter in, then three times a week) or dapsone (50-100 mg po daily) if sulfa 

intolerant for cytomegalovirus (CMV) and Pneumocystis jirovecii pneumonia (PCP) 

prophylaxis, respectively. Oral nystatin (5mL after meals and bedtime) as antifungal 

prophylaxis was administered while on steroids. Weekly azithromycin (1,200 mg po) for 

Mycobacterium avium complex (MAC) prophylaxis was given to patients with CD4 <75 

cells/mm3.

 Clinical outcomes

The 1- and 3-year outcome measures were: i) patient survival, calculated from the date of 

transplantation to the date of death or the date of the last follow-up; ii) death-censored graft 

survival, calculated from the date of transplantation to the date of irreversible graft failure 

signified by return to long-term dialysis or the date of last follow-up during the period when 

the transplant was still functioning (in the event of death with a functioning graft, the follow-

up period was censored at the date of death); and iii) biopsy-proven acute rejection. We also 

assessed the proportion of patients with severe CD4 lymphopenia (defined as CD4 count 

<200 cell/mm3) at 4 and 52 weeks post-transplant. The rate of serious infections (defined as 

infections requiring admission to the intensive care unit [ICU] during initial transplant 

hospitalization or readmission to the hospital after discharge) during the first six months 

post-transplant was estimated for patients with CD4 count <200 cell/mm3 at 4 weeks.

 Flow cytometry

T helper cells (CD3+CD4+), cytotoxic T lymphocytes (CD3+CD8+), natural killer (NK; 

CD3−CD56+CD16+) and B cells (CD3−CD19+) were 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.

 Statistics

The Kaplan-Meier plots with a log-rank test, Chi-square or Fisher exact test, Wilcoxon-

Mann-Whitney test, t-tests were used where appropriate. Predictors of severe CD4 

lymphopenia were calculated using log-binomial regression. Multivariate model was created 

using variables with a p value ≤0.05 in the univariate model, and those considered to be 

clinically relevant. Statistical analyses were performed using SAS 9.2 (Cary, NC).
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 RESULTS

 Patient characteristics

A total of 38 HIV+ adult kidney allograft recipients were studied (Table 1). The median 

post-transplant follow-up was 2.6 years (IQR, 1–4.3). The median age at the time of 

transplant was 47 years (range, 30–68). Most patients were males (76%) and African-

American (71%). The median duration of HIV diagnosis prior to transplant was 10 years. 

Median CD4 count at time of transplant was 551 (IQR, 354-686) cells/mm3, with a 

CD4/CD8 ratio of 0.7 (IQR, 0.6-1). All the patients had sustained HIV viral load 

suppression (<400 copies/mL) on antiretroviral therapy (ART) post-transplant. Only four 

subjects had detectable HIV viremia above 50 copies/mL during the first year post-

transplant (median peak, 115 [IQR, 107-140] copies/mL). Five (13%) patients were co-

infected with HCV. Eleven (29%) patients received allografts from living donors, and three 

patients underwent dual organ transplantation (kidney-pancreas [n=2] and kidney-liver 

[n=1]). DGF defined as need for hemodialysis during the first week post-transplant occurred 

in 16% of cases. All the patients were CMV seropositive at the time of transplantation. Two 

(5%) patients developed CMV viremia (>500 copies/mL), and three (8%) had BK viremia 

(>10,000 copies/mL; one of them with biopsy-proven polyomavirus-associated nephropathy) 

during the first year post-transplant. Other than the pre-transplant CD4 count, there were no 

differences in the baseline characteristics, immunosuppressive or ART regimens between 

patients with baseline CD4 count <350 vs those transplanted at CD4 >350 cells/mm3 (Table 

1).

 Dynamics of lymphocyte count following transplant by HIV status

Among HIV+ recipients, CD4, CD8, and NK cells were all significantly depleted at week 4 

and 12 post-transplant whereas B cell counts remained relatively stable (Figure 1). CD8 cell 

recovery occurred by week 26. In contrast, CD4 and NK cell counts failed to return to 

baseline after 52 weeks (CD4 mean [SD]: 570 [289] vs. 407 [291] cells/mm3, p=0.002; NK 

mean [SD], 157 [114] vs. 117 [70], p=0.03).

This pattern of lymphocyte recovery in HIV+ recipients mimicked that of a 2:1 age-matched, 

ATG plus anti-CD25-treated HIV− kidney transplant recipient control group (Figure 1) with 

prolonged CD4 and NK cell lymphopenia during the first year post-transplant and CD8 cell 

recovery by week 26 regardless of HIV status. Even more, although not surprisingly the 

baseline mean CD4 count and CD4/CD8 ratio were significantly lower in HIV+ individuals 

than in HIV− controls (570 vs. 793 cells/mm3, p=0.001; and 0.9 vs. 2.6, p=1.2 x 10−9, 

respectively), the CD4 count at 4, 12, 26, and 52 weeks post-transplant were not different 

between these two groups (Figure 1), and the rates of CD4 lymphopenia <200 cells/mm3 at 

52 weeks post-transplant were similar in HIV+ and HIV− patients (22 vs 27%, p=0.79).

 Baseline CD4 count in HIV+ recipients and risk of lymphopenia post-transplant

The trends for the CD4 counts in the post-transplant period differed according to the 

baseline CD4 count. The overall CD4 count within the group of HIV+ recipients with 

baseline CD4<350 cells/mm3 declined to ~100 cells/mm3 at 4 weeks post-transplant and 

remained <200 cells/mm3 thereafter (Figure 2). Among the group of patients transplanted at 
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CD4 >350 cells/mm3, a rapid decline in CD4 count was also observed at 4 weeks but CD4 

gain was evident by week 26 and CD4 counts continued to rise by week 52. Notably, in this 

group with pre-transplant CD4 >350 cells/mm3, the overall CD4 count remained ~150–300 

cells above 200 cells/mm3 during the entire first year post-transplant (Figure 2).

The risk of severe CD4 lymphopenia (CD4 <200 cells/mm3) was highest among HIV+ 

individuals with a baseline CD4 <350 cells/mm3, even after excluding one patient who had 

baseline CD4 count below 200 cell/mm3. Rates of severe CD4 lymphopenia at 4 and 52 

weeks were 75% and 71% for patients with baseline CD4 of 200–349 cells/mm3 compared 

with 30% and 5% of patients with pre-transplant CD4 >350 cells/mm3 (p=0.04 and p=0.001 

for 4 and 52 weeks, respectively).

We next examined whether the association between baseline CD4 count and risk of severe 

CD4 lymphopenia post-transplant was independent of other factors known to influence CD4 

recovery including age 40 or older (15, 19), male gender (20) and African-American 

ethnicity (21). In univariate analysis, baseline CD4 count was the only factor that influenced 

risk of severe CD4 lymphopenia in this cohort. After adjusting for age in a multivariate 

analysis, a baseline CD4 of 200–349 cells/mm3 remained an independent predictor of severe 

CD4 lymphopenia at 4 (RR, 2.6; 95% CI, 1.3–5.1) and 52 weeks (RR, 14.3; 95% CI, 2–

100.4) post-transplant (Table 2).

 Baseline CD4 count and transplant outcomes in HIV+ recipients

The 1- and 3-year patient and death-censored graft survival for the entire cohort were 86.6 

and 82.7%, and 91.2 and 82.4%, respectively. There were no differences in patient or death-

censored graft survival by baseline CD4 count (data not shown).

Nine (23.6%) patients had a first episode of biopsy-proven acute rejection. Cellular, 

antibody-mediated and mixed histological pattern accounted for 44.4, 11.1 and 44.4% of the 

cases, respectively. Overall, the cumulative incidence of acute rejection at 1 and 3 years was 

15.1% and 26.5%, respectively. The baseline CD4 count did not affect rates of acute 

rejection (14.3 vs. 15.7% at 1 year [log rank 0.96] and 12.5% vs. 30.1 at 3 years [log rank 

0.451] for baseline CD4<350 and >350 cells/mm3, respectively).

 Risk of infection in HIV+ recipients with severe CD4 lymphopenia

Since profound lymphopenia has been associated with infectious complications following 

solid organ transplant (11, 22, 23), and most serious infections in HIV+ kidney recipients 

occur within the first six months after transplant (11), we compared the rate of serious 

infections within the first six months post-transplant by CD4 strata.

Overall, twelve (32%) patients developed serious non-opportunistic infections (OI) within 

six months of transplant (Table 3). The incidence of serious infections was higher in 

HIV/HCV co-infected than HIV-monoinfected patients (80 vs. 25%, p=0.03), and lower 

among patients who experienced acute rejection compared to those who did not (0 vs 41.4%, 

p=0.04). The median time from transplant to infection was 49 days (range, 11-132). The 

median CD4 count at the time of serious infection was 129 cells/mm3 (range, 0–390). 

Bacterial infections were the most common (Table 3). Notably, in the two cases of death 

Suarez et al. Page 5

Am J Transplant. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



attributed to infection, both patients had a CD4 count of zero immediately prior to the date 

of index infection.

A survival analysis indicated that severe CD4 lymphopenia at 4 weeks post-transplant was 

associated with higher probability of serious infections during first 6 months post-transplant 

(19% vs. 50%; log-rank 0.0497; Figure 3).

 DISCUSSION

The incidence and severity of infectious complications following transplant are largely 

dictated by the recipient’s capacity for immune reconstitution. Our results indicate that: 1) 

ATG-induced CD4 lymphopenia can be prolonged, and even one year after transplant a 

substantial proportion of patients have CD4 counts below 200 cells/mm3. 2) The risk of 

severe CD4 lymphopenia is highest among HIV+ recipients with a baseline CD4 <350 

cells/mm3; and 3) individuals with CD4 <200 cells/mm3 at 4 weeks have increased risk of 

serious infections within the first 6 months post-transplant. The baseline CD4 count did not 

influence the risk of death, graft loss or acute rejection. These findings suggest that although 

in current practice HIV+ candidates with pre-transplant CD4 counts between 200 and 349 

cells/mm3 are eligible for kidney transplantation [9], and likely to have similar outcomes to 

those with higher counts, this group of patients carries a substantial risk for lymphopenia 

and associated infections following ATG induction.

Profound CD4 lymphopenia during the first year post-transplant is typically observed in 

ATG-treated solid organ transplant recipients regardless of HIV status (11, 14, 15, 22, 24, 

25). In the present study, the pattern of lymphocyte recovery was similar between HIV+ and 

HIV− recipients; only three (8%) HIV+ patients developed AIDS-defining conditions during 

the study follow-up including one case of biopsy-proven cutaneous Kaposi's sarcoma, one 

CMV esophagitis and one Candida esophagitis; two of these patients had a baseline CD4 

<350 cells/mm3. These observations, along with the fact that all the HIV+ recipients attained 

sustained viral load suppression while on ART, confirm the notion that post-transplant CD4 

lymphopenia in HIV+ recipients is primarily driven by ATG induction (11, 25) and does not 

represent HIV disease progression per se.

Consistent with the well-known increased risk of allograft rejection in HIV+ recipients (6, 

11, 12), the cumulative incidence of acute rejection among seropositive individuals was 

higher than that previously reported by our group (26) in ATG-treated HIV− kidney 

recipients (27% versus 14% at 36 months, respectively). Although ATG reduces the risk of 

rejection (12), the optimal immunosuppressive regimen for HIV+ solid organ transplant 

recipients has not been defined. More than half of our patients experienced infection or 

rejection events, underscoring the need to optimize immunosuppression protocols in HIV+ 

recipients. One could argue that based on the high incidence of severe CD4 lymphopenia we 

observed in seropositive kidney recipients with pre-transplant CD4 <350 cells/mm3, and 

associated infections among those with CD4 <200 cells/mm3, administration of ATG should 

be restricted to patients at very high immunologic risk for rejection (11). Basiliximab 

induction is a potential alternative since it results in fewer infections than ATG (27), and has 
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been used in HIV+ recipients with acceptable outcomes and post-transplant CD4 counts in 

excess of 400 cells/mm3 for up to 2 years (5).

Our findings have “real-life” implications because up to 30% of HIV+ patients can have a 

muted recovery of CD4 cell counts despite ART-induced viral load suppression (28), and 

consequently, a significant proportion of HIV+ candidates listed on the UNOS (United 

Network for Organ Sharing) national transplant waiting list can be expected to have 

marginal CD4 counts. Since profound ATG-induced lymphopenia is associated with higher 

incidence of infections and cancer, as well as increased risk of death following kidney 

transplant (11, 23, 24, 25), we propose that a reduced intensity induction protocol (e.g., 

ATG-free or ultra-low dose ATG, 1-1.5mg/kg total) should be considered in selected HIV+ 

candidates with CD4 count of 200–349 cells/mm3 and otherwise relatively “low” 

immunological risk for rejection (e.g., older recipients, living donor, not highly sensitized, 

few HLA mismatches, etc). Of note, half of the patients with non-OIs had above target levels 

of tacrolimus at the time of infection, which could further impact the net state of 

immunosuppression in an already lymphodepleted host. Thus, in an effort to minimize 

infectious complications, drug-drug interactions should be avoided; in particular, the use of 

protease inhibitors and cobicistat-containing ART regimens can lead to supratherapeutic 

levels of calcineurin (and mTOR) inhibitors.

Only two patients developed CMV reactivation, and there were no cases of PCP, toxoplasma 

or MAC suggesting that despite profound lymphopenia in ATG-treated HIV+ recipients, OI 

prophylaxis is highly effective. We observed, however, an increased risk of serious non-OIs 

requiring ICU or hospital admission within 6 months post-transplant among patients with 

CD4 <200 cells/mm3 at 4 weeks. These results complement previous observations by others. 

Trullas et al reported three HIV+ kidney transplant recipients (baseline CD4: 615 cells/mm3) 

who received ATG induction (8.75mg/kg total); two of them developed CD4 lymphopenia 

<200 cells/mm3 at 4 weeks and bacterial infections post-transplant (29). Carter et al reported 

a high incidence of profound lymphopenia (from 475±192 to 9±10 cells/mm3), delayed 

immune reconstitution (up to 2 years) and high rate of serious non-OIs requiring 

hospitalization (55%) following administration of ATG (mean, 7.0 mg/kg) for the treatment 

of acute rejection or slow graft function in eleven HIV+ kidney transplant recipients (23). In 

the NIH multicenter trial that included 150 HIV+ recipients followed for up to 3 years, 38% 

of the patients developed infections requiring hospitalization (11). Notably, patients who 

received ATG induction had twice as many serious infections as patients who did not (11). 

Similar to our findings, the rate of non-OIs infections was higher among those co-infected 

with HCV (11). It is estimated that the risk of serious infections requiring hospitalization is 

ten times higher in HIV+ recipients with CD4 <200 cells/mm3 (23). Consistent with this, we 

observed that 67% of our patients who developed serious infections had a preceding CD4 

<200 cells/mm3.

One limitation of our study is that the ATG plus anti-CD25 mAb induction regimen used at 

our institution for kidney transplant recipients is not common across transplant centers 

limiting the applicability of our observations. However, unlike ATG, anti-CD25 mAb 

primarily targets activated (not resting) T-cells (27) and when used as a single agent for 

induction therapy, anti-CD25 mAb, does not result in statistically significant alterations in 
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the absolute number of T cells (5, 15, 30); neither potentiates the T-cell depleting activity of 

ATG when used in combination (30). Thus, we feel that our observations might still be 

applicable to centers using ATG-based induction.

Naturally, given the uniqueness of the patient population in this study, small size is another 

limitation and our findings need to be validated at the multicenter cohort level. Despite these 

limitations, our observations and those by others (11, 23, 25, 29), suggest that given the 

narrow therapeutic window of ATG among HIV+ recipients, particularly those with low pre-

transplant CD4 count (200–349 cells/mm3), this agent must be used with caution and close 

monitoring for infectious complications until CD4 recovery occurs.
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 ABBREVIATIONS

AIDS acquired immune deficiency syndrome

ART antiretroviral therapy

ATG anti-thymocyte globulin

BMI body mass index

CI confidence interval

CMV cytomegalovirus

DGF delayed graft function

HCV hepatitis C virus

HIV human immunodeficiency virus

HIVAN HIV-associated nephropathy

INSTI integrase strand transfer inhibitor

ICU intensive care unit

IQR inter-quartile range

IRB institutional review board

IVIG intravenous immunoglobulin

PCP Pneumocystis jirovecii pneumonia

PRA panel reactive antibody
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PI protease inhibitor

MAC Mycobacterium avium complex

mAb monoclonal antibody

MMF mycophenolate mofetil

NK natural killer

NRTI nucleoside reverse transcriptase inhibitor

NNRTI non-nucleoside reverse transcriptase inhibitor

OI opportunistic infection

UNOS United Network for Organ Sharing
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Figure 1. 
Lymphocyte recovery in kidney transplant recipients by HIV status. Post-transplant CD4, 

CD8, B and NK cell trajectories are presented as mean (SE) cell count at baseline (HIV+, 

n=38; HIV−, n=76), week 4 (HIV+, n=35; HIV−, n=76), week 12 (HIV+, n=30; HIV−, 

n=75), week 26 (HIV+, n=27; HIV−, n=72), and week 52 (HIV+, n=27; HIV−, n=75) post-

transplant. *p<0.05, **p<0.01, ***p<0.001 for comparison between a given time point post-

transplant and the baseline cell count using the paired Student’s t-test.
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Figure 2. 
Post-transplant lymphocyte (CD4, CD8, B and NK cell) trajectories by baseline CD4 count 

among 38 HIV+ kidney transplant recipients. Data presented as mean (SE) cell count at the 

specified time points for patients with CD4<350 (n=9) and CD4>350 (n=29) at the time of 

transplantation. *p<0.05, **p<0.01, ***p<0.001 for comparison between CD4<350 and 

CD4>350 groups using the unpaired Student’s t-test.
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Figure 3. 
Infection-free survival by CD4 strata at 4 weeks. Solid lines represent the group of patients 

with CD4 >200 cells/mm3 at 4 weeks post-transplant. Dashed lines represent the group with 

CD4 <200 cells/mm3 at 4 weeks post-transplant. Number of patients in each group is shown 

in the bottom.
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Table 1

Baseline Characteristics of Study Subjects*

Baseline CD4

Characteristic Overall n=38 CD4 >350 n=29 CD4 <350 n=9 P value†

Demographics

Age, median (IQR) 47 (42 – 52) 48 (42 – 52) 45 (43 – 49) 0.54

Male gender 29 (76.3) 21 (72.4) 8 (88.9) 0.41

African-American 27 (71) 21 (72.4) 6 (66.7) 1

Co-morbidities

Diabetes Mellitus 6 (15.8) 3 (10.3) 3 (33.3) 0.13

Hypertension 22 (57.9) 16 (55.2) 6 (66.7) 0.71

HIVAN 26 (68.4) 21 (72.4) 5 (62.5) 0.67

Hepatitis C 5 (13.2) 4 (13.8) 1 (11.1) 1

Overweight (BMI>25) 20 (52.6) 15 (51.7) 5 (55.6) 1

Follow up, years, median (IQR) 2.6 (1 – 4.3) 3 (1 – 4.8) 2 (1.1 – 3.5) 0.54

Immunosuppression§

IVIG 5 (13.2) 5 (17.2) 0 0.31

Rituximab 4 (10.5) 3 (10.3) 1 (11.1) 0.95

Tacrolimus 37 (97.4) 28 (96.5) 9 (100) 1

MMF 37 (97.4) 28 (96.5) 9 (100) 1

Prednisone 32 (84.2) 23 (79.3) 9 (100) 0.30

Sirolimus 3 (7.9) 2 (6.9) 1 (11.1) 1

Cyclosporine 2 (5.3) 2 (6.9) 0 1

Kidney allograft

Living donor 11 (28.9) 7 (24.1) 4 (44.4) 0.4

Delayed graft function 6 (15.8) 5 (17.2) 1 (11.1) 1

ABC-PRA, <5% (n=36) 34 (94.4) 27 (96.4) 7 (87.5) 0.40

DR-PRA, <5% (n=36) 33 (91.7) 26 (92.9) 7 (87.5) 0.54

#HLA-ABDR mismatches, >5 14 (37) 12 (41) 2 (22.2) 0.44
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Baseline CD4

Characteristic Overall n=38 CD4 >350 n=29 CD4 <350 n=9 P value†

Cold ischemia time, >36 hours (n=30) 7 (23.3) 7 (29.1) 0 0.29

Donor age, years median (IQR), n=34 37.5 (28 – 48) 37 (26 – 48) 40 (33 – 49) 0.65

CMV viremia (n=35) 2 (5.7) 2 (7.4) 0 1

BK viremia (n=31) 3 (9.7) 3 (12.5) 0 1

HIV infection

Time from HIV diagnosis, years, median (IQR) 10 (5 – 15) 11 (6 – 15) 8 (3 – 13.5) 0.32

Pre-transplant CD4 count, median (IQR) 551 (354 – 686) 636 (502 – 724) 258 (244 – 315) <0.0001

CD4/CD8 ratio, median (IQR) 0.7 (0.6 – 1) 0.7 (0.6 – 1.1) 0.4 (0.3 – 0.7) 0.07

%CD3+HLA-DR+, Median (IQR) 6.1 (4.5 – 11.2) 6 (4.7 – 9.9) 6.8 (4.4 – 16) 0.77

Antiretroviral therapy^

NRTI 35 (92) 27 (93) 8 (89) 1

NNRTI 9 (23.7) 7 (24.1) 2 (22.2) 1

INSTI 10 (26.3) 8 (27.6) 2 (22.2) 1

PI 26 (68.4) 19 (65.5) 7 (77.8) 0.69

Drug level monitoring

Tacrolimus level at 4 weeks, median (IQR), ng/mL 6.6 (4.4 – 9.2) 6.45 (4.1 – 10.4) 6.6 (5 – 8.5) 1

Tacrolimus level at 12 weeks, median (IQR), ng/mL 5.9 (4.8 – 7.4) 7.4 (6 – 11.4) 5.3 (2.1 – 7.7) 0.36

Tacrolimus level at 26 weeks, median (IQR), ng/mL 9 (6.25 – 10) 6.2 (4.8 – 8.3) 6.7 (2.3 – 9.5) 0.77

Tacrolimus level at 52 weeks, median (IQR), ng/mL 6.2 (4.4 – 8.3) 6 (4.3 – 7.6) 7.7 (5.3 – 10.9) 0.11

ATG, anti-thymocyte globulin; BMI, body mass index; MMF, mycophenolate mofetil; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, 
non-nucleoside reverse transcriptase inhibitors; INSTI, integrase strand transfer inhibitors; PI, protease inhibitors. HIVAN, HIV-associated 
nephropathy; CMV, cytomegalovirus; PRA, panel reactive antibody; IVIG, Intravenous immunoglobulin

*
Data presented as absolute number (%), unless specified otherwise.

†
P value corresponds to comparison of CD4<350 vs CD4>350 groups by using the Chi-square of Fisher exact test as appropriate. Wilcoxon–

Mann–Whitney test was used for variables presented as median and inter-quartile range (IQR).

§
All the patients received ATG, Basiliximab and Methylprednisolone for induction. Maintenance immunosuppression: Tacrolimus is started soon 

after transplant, typically on post-operative day 1 or 2. Target level in our center: 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. Mycophenolate (Cellcept® 1000 mg twice a day or Myfortic® 720 
mg twice a day) is started from day of the transplant. Sirolimus: initial dose 1 to 5 mg po daily. Goal 24-hour through level 6–8ng/mL. Steroids: For 
slow or delayed graft function prednisone 20mg po daily. Once tacrolimus within therapeutic range, quick taper over 10 days. For highly sensitized 
patients, prednisone 40mg po twice a day followed by slow taper over next 5–6 weeks to a maintenance dose of 5 mg po daily.

^
Refers to ART regimen post-transplant (defined as the regimen the patient was discharged home after transplantation). In 11 patients the ART 

regimen was changed early during admission to minimize drug-drug interactions.
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Table 2

Association between pre-transplant CD4 count and risk of CD4 lymphopenia <200 cells/mm3 following 

kidney transplant

Variable Univariate analysis Multivariate analysis

RR (CI) P value Adjusted RR (CI) P value

CD4<200 at 4 weeks

Age (<40 years) 1.8 (0.5–6.3) 0.37 1.8 (0.5–6.1) 0.32

Male gender 1.3 (0.4–3.5) 0.64

African-American 0.9 (0.4–2.1) 0.75

Baseline CD4 <350 2.5 (1.2–5.1) 0.01 2.6 (1.3–5.1) 0.01

HCV co-infection 1.3 (0.4–3.8) 0.64

CD4<200 at 52 weeks

Age (<40 years) 0.8 (0.2–3.7) 0.82 0.8 (0.2–3) 0.75

Male gender 4.9 (0.3–78.1) 0.26

African-American 1.7 (0.2– 12.5) 0.58

Baseline CD4 <350 14.3 (2–102.1) 0.01 14.3 (2–100.4) 0.01

HCV co-infection 0.5 (0.03–7) 0.59

CI, confidence interval; RR, relative risk.
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