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Abstract. Before the era of highly active antiretroviral therapy,
kidney transplant recipients infected with HIV had increased
risk of death compared with HIV-uninfected recipients. More
recent single-center reports have indicated improved results,
but this has not been assessed in a national population. There-
fore, a retrospective cohort study of US adult deceased donor
kidney transplant recipients from January 1, 1996, to May 31,
2001 was conducted; patients were followed until October 31,
2001. A total of 27,851 patients had valid recipient HIV
serology. Cox regression analysis was used to model adjusted
hazard ratios for mortality and graft loss, respectively, adjusted
for other factors, including comorbid conditions from Centers
for Medicare and Medicaid Studies Form 2728. Factors inde-
pendently associated with HIV infection were also assessed by
logistic regression analysis. Only 12.8% of HIV-infected re-

cipients were black, compared with 27.6% in the entire study
cohort. HIV-infected kidney transplant recipients were signif-
icantly less likely to be black in logistic regression analysis
(adjusted OR, 0.29; 95% CI, 0.08 to 0.99; P � 0.049), which
was the only factor independently associated with HIV infec-
tion. It was found that HIV-infected recipients had improved
survival compared with HIV-uninfected recipients, although
this was not statistically significant in adjusted analysis (ad-
justed HR, 0.36; 95% CI, 0.05 to 2.53; P � 0.31). Kidney
transplantation in HIV-infected patients is plausible and ongo-
ing, but HIV-infected candidates who underwent kidney trans-
plantation in the United States during the course of the study
were demographically unrepresentative of HIV-infected can-
didates generally.

The expected clinical course of HIV infection as it affects
organ transplant recipients remains a controversial topic in
kidney transplantation (1–5). In the era before highly active
antiretroviral therapy (HAART), an analysis of the United
States Renal Data System showed that HIV-infected recipients
were at increased risk of death and graft loss compared with
HIV-uninfected recipients of cadaver kidneys (6). Since the
introduction of HAART in 1996, HIV-infected dialysis pa-
tients have had dramatically improved survival (7), although
management of HIV-infected dialysis patients remains subop-
timal, in part as a result of the complexity of medication
regimens and the frequent occurrence of hepatitis C virus

(HCV) coninfection (8–10). A clinical trial reported 100%
survival of HIV-infected kidney transplant recipients at 1 yr
(11). However, whether these results represent national expe-
rience has not been determined. To better study whether recip-
ient HIV serologic status remains important in graft and patient
survival in modern clinical transplantation, a retrospective co-
hort study analyzing the 2002 United States Kidney Data
System (USRDS) data assessed those factors associated with
HIV-infected recipients while controlling for variables previ-
ously established to affect outcomes.

Materials and Methods
Data Sources and Study Sample

The data set and analytical techniques have previously been de-
scribed (12). In summary, the USRDS standard analysis file provided
the primary data, including information at the time of transplantation.
Follow-up information included dates and causes of graft loss, dates
and causes of death, approximate dates of allograft rejection, and
follow-up serum creatinine levels. Files were merged with the main
file by using unique patient identifying codes to obtain follow-up data.
The file was also merged with standard analysis file patient data to
obtain dates and causes of death. HAART therapy, as well as therapy
with sirolimus and tacrolimus, was not widely used in clinical practice
until 1996. Therefore, analysis was limited to adult patients who
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underwent deceased donor kidney transplantation from January 1,
1996, to May 31, 2001. Information about medications was limited to
immunosuppressive medications. Only one transplant for a given
patient during the study period (which could have been a repeat
kidney transplant or a multiorgan kidney transplant) was included in
analysis. Only cases with specified HIV data for both donor and
recipient were included. HIV serology (from the variable “HIVC-
SRN”) was not independently confirmed. Because donor hepatitis C
serology has recently been identified as an independent predictor of
survival in this cohort (13), and because HIV and HCV infection may
coexist, analysis was also limited to patients with valid recipient and
donor HCV status. Similarly, the cause of end stage kidney disease
could not be independently confirmed. Comorbidity data, including
selected laboratory data, from the time patients presented to dialysis
was also available from the Centers for Medicare and Medicaid
Studies Form 2728. Because these data were not available for all
patients, these variables were used in separate models. Patients were
followed through October 31, 2001.

Analytic Variables and Outcome Measures
Factors Associated with HIV-Infected Recipients. This analy-

sis used stepwise logistic regression (forward likelihood ratio method)
of factors considered to be clinically significant, such as history of
access complications, as well as demographic and other factors related
to patient survival, including donor and recipient age, gender, race,
duration of dialysis before transplantation, body mass index, receipt of
previous transplant, recipient sensitization, cold ischemic time, HLA
mismatch, and use of immunosuppressive medications.

Patient and Graft Survival. Survival time was defined as the
time between the date of transplantation and death, the most recent
follow-up date, or the end of the study period. Graft failure was
defined as return to dialysis after transplantation and did not include
death with a functioning graft. Variables entered into the model were
those previously associated with patient and graft survival after trans-
plantation, and included the transplantation center. Medication use
was determined as induction therapy (at discharge from the initial
transplantation hospitalization, primarily for antibody induction ther-
apy) and maintenance therapy. Maintenance therapy was determined
at follow-up visits at 6, 12, and 24 mo. To allow for changes in

medication use, any use of medication at the specified visits was
considered maintenance therapy. This resulted in overlap of medica-
tions. Therefore, models were also performed excluding medication
overlap. Analyses were also performed excluding patients who re-
ceived multiple organ transplants.

Covariates whose Kaplan-Meier plots violated the assumption of
proportional hazard over time were assessed by yearly intervals after
transplantation, as described in other similar studies (14). Because of
the small number of HCV-infected patients, models were performed
with covariates limited to HIV status, age, race, gender, year of
transplantation, peak plasma renin activity percentage, and duration of
renal replacement therapy because these were the only factors signif-
icantly associated with HIV infection in unadjusted analysis. Files
were converted from SAS to SPSS by DBMS Copy 7.0 (Conceptual
Software, Houston, TX). SPSS version 11.5.0 (SPSS, Chicago, IL)
was used for primary analysis.

Results
From January 1, 1996, to May 31, 2001, there were 46,078

adult recipients of deceased donor kidney transplants meeting
study criteria in the United States. Patients with unspecified
HIV or HCV status were excluded. Thus, of the original 47,078
recipients, 2914 (6.3%) had no data regarding their donor
hepatitis C status; they and an additional 6387 (13.9%) lacking
data for recipient HCV status were excluded (with some over-
lap between the two groups), leaving 36,956 patients for study
in multivariable analysis. Notably, recipients with missing HIV
data (their own or their donor) did not differ statistically from
patients for whom these data were known. Among study pa-
tients, 9125 (24.6%) were missing valid information on HIV
recipient status and were excluded from further analysis. Of the
study population, 47 patients (0.2%) were listed as HIV posi-
tive. Of these, further confirmatory information was not reli-
ably available. None of the HIV-infected recipients were coded
as lost to follow-up after the date of kidney transplantation
versus 63 (0.2%) of HIV-uninfected recipients.

Among continuous variables (Table 1), elevated patient sen-

Table 1. Characteristics of study population (continuous variables)a

Factor n, Missing (%) Study Cohort HIV-Infected
Recipients

Age, yr
recipient, mean (SD) 27,851 (0) 47.2 � 12.6 48.2 � 10.6
donor, mean (SD) 25,243 (9.4) 35.3 � 17.1 33.0 � 16.6

Recipient BMI, kg/m2, mean (SD)b 24,364 (12.5) 26.3 � 21.5 26.6 � 4.8
Cold ischemic time, h, mean (SD) 25,903 (7.0) 19.4 � 8.4 21.3 � 8.3b

Peak PRA%, mean (SD) 26,594 (4.5) 14.0 � 26.0 16.4 � 28.0c

HLA Mismatches (0 to 6) 3.3 � 1.80 3.3 � 1.7
Years of RRT 25,790 (7.4) 3.80 � 3.90 4.8 � 5.0c

Values from Medical Evidence Form 2728
hematocrit (%) 16,345 (41.3) 28.6 � 5.8 29.2 � 6.7
albumin (gm/dl) 14,014 (49.7) 3.5 � 0.7 3.5 � 0.6

a Analysis limited to patients with valid HIV serologies, as well as valid recipient and donor hepatitis C serologies. RRT, kidney
replacement therapy before kidney transplant.

b P � 0.05 by t test versus non-HIV-infected patients.
c P � 0.05 by Mann-Whitney test versus non-HIV-infected patients.
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sitization, longer cold ischemic time, and increased duration of
dialysis before transplantation were associated with HIV-in-
fected recipients. In general, HIV-infected recipients were
younger with remarkably preserved hematocrit and albumin
levels at presentation to end-stage kidney disease. In categor-
ical variables (Table 2), only recipient black race (which was

much less common among HIV-infected recipients than among
the entire study population) and use of Zenapax (Daclizumab)
immunosuppression were significantly associated with HIV-
infected recipient status. Only two HIV-infected recipients
were not either black or white (one each Asian and Native
American). The numbers of HIV-infected patients by year of

Table 2. Analysis of associations with recipient HIV seropositivity by variable, adult cadaveric kidney transplant recipients
between January 1, 1996 and May 31, 2001a

All Cadaveric Kidney
Transplant Recipients

n (%)

HIV-Infected
Recipients

n 27,851 47 (0.2)
Mean follow-up, yr 2.99 � 1.59 2.62 � 1.32
Graft loss 1898 (6.8) 1 (2.1)
Death 3569 (12.8) 2 (4.3)
Variable, n

recipient hepatitis C-positive 8875 (6.8) 3 (6.4)
recipient male (versus female) 16,890 (60.6) 30 (63.8)
recipient African-American (versus all other races) 7684 (27.6) 6 (12.8)b

dialysis in the first week posttransplant (Y/N) 6349 (23.0) 9 (19.1)
rejection in the first year posttransplant, diagnosis
and treatment (Y/N)

5217 (18.8) 8 (17.0)

Cause of kidney disease
diabetes 7833 (31.8) 13 (30.2)
GN 4306 (15.5) 4 (8.5%)
repeat transplant (versus primary) 3084 (11.2) 9 (19.0)

Primary insurance
private or self-pay 8874 (31.9) 16 (34)
Medicare 17,121 (61.7) 29 (61.7)
Medicaid 1225 (4.4) 1 (2.1)
other government 354 (1.3) 1 (2.1)

Maintenance medicationsc

cyclosporine 16,974 (67.4) 30 (68.2)
tacrolimus 10,776 (42.8) 19 (43.2)
mycophenolate 19,732 (78.4) 38 (86.4)
azathioprine 6014 (23.9) 7 (15.9)
induction antibody use 13,436 (48.3) 22 (46.8)

Medicare claims
Access related complications

ACS
CHF

Comorbidities from Medical Evidence Form 2728d

illicit drug use 89 (0.5) 0
ischemic heart disease 1758 (7.4) 4 (13.8)
congestive heart failure 2493 (10.5) 1 (3.4)
peripheral vascular disease 1108 (4.5) 3 (19.3)
smoking 976 (5.5) 1 (3.4)
alcohol use 145 (0.8) 0

a Results given as % (n) or mean � standard deviation. SD, standard deviation; ESRD, end-stage kidney disease; PRA, panel reactive
antibody. Only demographic factors and factors significantly associated with HIV in univariate analysis were included in the logistic
regression model.

b P � 0.05 by chi-square test versus non-HIV-infected patients.
c Percentages do not total to 100 due to missing values and overlap.
d The information from this form was available only for patients who started dialysis on or after April 1, 1995, or for 23,405 (63.3%) of

the study population.
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transplantation and by race are shown in Figure 1, which shows
an increase in the proportion of HIV-infected recipients who
are black since 2000, although this difference was not statisti-
cally significant. Illicit drug use and alcohol use, as well as
repeat transplantation, were not associated with HIV infection.
Cardiac comorbid conditions, with the exception of ischemic
heart disease, were less common in HIV-infected recipients,
but not significantly so. Graft failure/repeat transplantation as
a cause of graft loss was significantly associated with HIV
infection, but the original cause of kidney disease was not
specified for those patients. Neither focal segmental glomeru-
losclerosis nor HIV-associated nephropathy (HIVAN) was
listed as a cause of kidney disease for any of the HIV-infected
patients.

In logistic regression analysis, only African American race
remained independently associated with HIV-infected status
(adjusted OR, 0.29; 95% CI, 0.08 to 0.99; P � 0.049). For
validation, data were also obtained for the total cohort of
46,078 deceased donor kidney transplant recipients regardless
of HCV status. In this cohort, 54 recipients were coded as HIV
infected, of whom 14.8% were black in comparison to 27.5%
of non–HIV-infected recipients (P � 0.04, �2 test).

Patient and Graft Survival
Figure 2 shows a Kaplan-Meier plot of patient survival

stratified by HIV status. HIV-infected patients had more than
95% survival past 3 yr beyond kidney transplantation; only two
HIV-infected patients (4.3%) died, compared with 3569 (12.8%)
of HIV-uninfected patients during the study period. The corre-
sponding figures for graft loss are listed in Table 2 (2.3% for HIV
infected and 6.8% for HIV uninfected). In Cox regression analysis

adjusted for donor and recipient age, race, gender, duration of
dialysis before transplantation, donor and recipient HCV status,
use of mycophenolate immunosuppression, delayed graft func-
tion, and body mass index, HIV was not independently associated
with improved patient survival, although the risk of death for
HIV-infected recipients was lower than for HIV-negative recipi-
ents (adjusted HR, 0.36; 95% CI, 0.05 to 2.53; P � 0.31).

Discussion
Similar to results of recent clinical trials, post–kidney trans-

plantation outcomes for HIV-infected recipients in the United
States were quite good (11). In our previous USRDS analysis
of deceased donor kidney recipients during the pre-HAART
era, we found that HIV-infected recipients had 3-yr patient
survival of 83% compared with 88% in uninfected patients (6).
Although this finding was independently significant in adjusted
analysis, it was more modest than expected and not nearly as
adverse as the effect of HIVAN on survival in chronic dialysis
patients in the pre-HAART era (15), which has also improved
in recent years (7). Although survival for HIV-infected patients
was no different than for HIV-uninfected patients in the study,
we suspect selection bias may have resulted in patients who
were substantially healthier than their HIV-uninfected coun-
terparts. Transplantation centers looking for early successes
may have been more restrictive in selecting HIV-infected can-
didates for kidney transplantation than recommended in a
recent review (16). This is suggested by the extraordinarily low
proportion of black HIV-infected recipients in the study pre-
sented here, as well as the fact that none of the HIV-infected
patients had focal segmental glomerulosclerosis or HIVAN as
a cause of end-stage renal disease, the most common causes of
nephropathy in this population (5), or evidence of HCV sero-
positivity. Two recent studies reported that over 80% of HIV-
infected patients on maintenance dialysis were black, and over

Figure 1. Number of HIV-infected patients who received deceased
donor kidney transplants in the United States, according to United
Network for Organ Sharing/United States Kidney Data System re-
ports, from 1996 to June 2001. As shown, the proportion of HIV-
infected recipients who were black was quite low, although this trend
appeared to change starting in 2000. Only three HIV-infected patients
were transplanted from January to June 2001, precluding further
interpretation. The lighter shaded bars (right) represent black HIV-
infected patients; the darker bars (left) represent white HIV-infected
patients.

Figure 2. Kaplan-Meier plot of patient survival after deceased donor
kidney transplantation, stratified by patients with HIV infection
(HIV�) versus no HIV infection (HIV�). Survival of HIV-infected
patients was not different compared with uninfected patients (P �
0.15, log-rank test).
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60% were also HCV infected (8,9); further, over 45% who
underwent biopsy had a diagnosis of HIVAN. In addition, with
few exceptions, HIV-infected patients had evidence of better
general health than their HIV-uninfected counterparts, al-
though few differences were statistically significant because of
small numbers.

This is in contrast to findings of significantly lower hemat-
ocrit and serum albumin levels among HIV-infected patients in
our previous USRDS study (15). Given these potential biases
and the much smaller proportion of HIV-infected patients
undergoing kidney transplantation than undergoing mainte-
nance dialysis (4,11), no broad conclusions about improved
posttransplantation survival for HIV-infected recipients in the
modern era should be drawn on the basis of the study presented
here. However, it does appear that HIV-infected patients can
enjoy successful posttransplantation outcomes. Perhaps even
more important than this finding is that use of kidney trans-
plantation for HIV-infected candidates in the United States
appears to be highly restrictive and unrepresentative of the
HIV-infected population generally. These characteristics stand
in contrast to HCV-infected kidney transplant recipients,
whose demographic characteristics are quite similar to HCV-
infected patients on dialysis and in the general population (17).
Therefore, potential barriers to transplantation for HIV-in-
fected candidates should be investigated.

Beyond the possible selection bias above, other factors make
the remarkable posttransplantation survival of HIV-infected
recipients plausible as well. The course of HIV-infected recip-
ients after kidney transplantation may benefit from many ser-
endipitous effects of commonly used immunosuppressive
agents. For example, sirolimus inhibits HIV replication at the
transcriptional level (18), and more recently, sirolimus has
been reported to cause downregulation of CCR5 and accumu-
lation of anti-HIV �-chemokines (19). Curiously, although
there have been a few exceptions (20), mycophenolate has
consistently been associated with increased risk of cytomega-
lovirus infection after kidney transplantation (21–24). Myco-
phenolate, which has inhibitory effects on HIV (25), is syner-
gistic with many antiretroviral agents (26,27) and is being used
for multidrug-resistant cases of HIV (28,29). Even certain
calcineurin inhibitors such as cyclosporine and its analogs have
anti-HIV activity (30,31). In contrast, no such beneficial find-
ings have been reported for tacrolimus, and the HIV inhibitory
activity may be independent of FKBP (32). In addition, we are
not aware of any reports showing a beneficial effect of aza-
thioprine on HIV infection. On the basis of the evidence above,
it might make the most sense to design regimens excluding
azathioprine and tacrolimus for HIV-infected patients, partic-
ularly given recent registry results indicating that use of sus-
tained release cyclosporine (Neoral) is associated with equiv-
alent graft survival to tacrolimus (33).

HAART therapy interacts with most immunosuppressive
therapy above, requiring careful monitoring and dose adjust-
ment (34,35). Several studies have now documented that
HAART therapy is underused in chronic dialysis patients (8–
10). Whether the same is true for transplant recipients is
unknown, and such information could not be obtained from the

USRDS database. However, it is likely the benefits of HAART
therapy outweigh the disadvantages. Recommendations for use
of HAART in dialysis patients are available (1,36); recommen-
dations regarding the use of HAART after kidney transplanta-
tion has been more individualized (11) pending recommenda-
tions (37).

Limitations of the study presented here include our inability
to determine use of HAART therapy or to determine the
clinical stage and other manifestations of disease in HIV-
infected patients. The main concern is the possibility that the
renal transplant recipients listed in the database represent false
positives. Unfortunately, as a result of the limitations of the
database, this cannot be cross-verified. For example, informa-
tion on the Medical Evidence Form (for all variables) was
missing in 38% of HIV-positive recipients. Because informa-
tion on HIV status is missing for more than 80% of dialysis
patients in Form 2728 generally, an even higher percentage of
HIV-positive recipients did not have information on HIV status
from Form 2728 in the study presented here (89%), and no
HIV-positive recipients were indicated as positive (which
would indicate HIV status at the time of presenting to dialysis).
The mean duration of dialysis before transplantation for the
HIV-positive patients was 4.5 yr for white HIV-positive recip-
ients and 6.2 yr for black HIV-positive recipients, so many
could have become positive after starting dialysis. Use of
Medicare claims data would likely be even more limited be-
cause of fears of uninsurability as a result of reporting to
Medicare, as well as requiring that the database be limited to
patients with evidence of Medicare as primary payer at the time
of transplantation, which would further decrease sample size,
although false positives would be unlikely. In the absence of
data on the time of wait-listing the study cannot examine the
effect that differential wait list times may have on the observed
racial differences in achieved transplantation rates. However,
because of the long wait before transplantation, it is highly
unlikely patients would be reported to the United Network for
Organ Sharing as HIV positive without verification. Because
of the research agreement of the USRDS, we were prohibited
from contacting individual centers or patients regarding their
status.

Information on the use of other agents that have shown
benefit in HIVAN, such as angiotensin converting enzyme
inhibitors (38,39), was also not available. We were unable to
confirm the diagnosis or stage of HIV infection. HIV-infected
patients indicated in the USRDS database do not appear to be
representative of most HIV-infected patients with chronic kid-
ney disease, and thus results are most likely not generalizable.
Nevertheless, description of the clinical practice patterns of
kidney transplantation for HIV-infected patients is useful to
look at trends and perhaps to determine whether transplantation
is being used equitably for HIV-infected transplant candidates.

In summary, this analysis of the USRDS transplant popula-
tion indicates that kidney transplantation in HIV-infected re-
cipients is plausible and ongoing. The proper use of immuno-
suppression and HAART therapy awaits the results of properly
designed prospective clinical trials. The unrepresentative clin-
ical characteristics of the HIV-infected patients in this study
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suggest extreme caution on the part of transplantation centers
will be necessary to assure good early outcomes for this prac-
tice. It is expected that the number of HIV-infected patients
undergoing renal transplantation will increase substantially
after the performance of multicenter collaborative clinical tri-
als. The finding of white patients being overrepresented is
consistent with non-HIVAN patients receiving transplants, i.e.,
those with diabetic nephropathy or another disease who be-
came coinfected with HIV during the course of treatment, as
outlined by Glassock et al. (40) early in the course of the
epidemic. Undoubtedly, data in the future will show much
more diffusion of transplantation to African Americans with
HIVAN. However, given the success in this and previous
studies, it may be time to apply kidney transplantation more
widely to HIV-infected candidates.
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