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Cytomegalovirus Matching in Deceased Donor 
Kidney Allocation: Results From a U.S. National 
Simulation Model
Burhaneddin Sandıkçı, PhD,1 M. Yasin Ulukuş, PhD,1 Mehmet Ali Ergün, PhD,1 and  
Bekir Tanrıöver, MD, MPH, MBA2

Background. Cytomegalovirus (CMV) infects >60% of adults and can pose an independent risk factor for allograft loss 
and mortality in solid organ transplant recipients. The purpose of this study is to evaluate the impact of a nationwide imple-
mentation of CMV seromatching (donor/recipient: D−/R− and D+/R+) in the U.S. deceased donor kidney allocation system 
(KAS).  Methods. Adult candidates on the U.S. kidney-only transplant waiting list and deceased donor kidneys offered to 
the U.S. transplant centers were considered. A discrete-event simulation model, simulating the pre-COVID-19 period from 
January 1, 2015, to January 1, 2018, was used to compare the performances of currently employed KAS-250 policy (without 
CMV matching) to various simulated CMV matching policies parameterized by calculated panel reactive antibody exception 
threshold. Outcomes included CMV serodistribution, waiting time, access to transplantation among various groups, trans-
plant rate, graft survival, kidney discard rate, and antigen-mismatch distribution, stratified by CMV serostatus.  Results. 
CMV matching policy with a calculated panel reactive antibody exception threshold of 50% (namely, the CMV“>50%” policy) 
strikes a better balance between benefits and drawbacks of CMV matching. Compared with KAS-250, CMV“>50%” reduced 
CMV high-risk (D+/R−) transplants (6.1% versus 18.1%) and increased CMV low-risk (D−/R−) transplants (27.2% versus 
13.1%); increased transplant rate for CMV R− patients (11.54 versus 12.57) but decreased for R+ patients (10.68 versus 
10.48), yielding an increase in aggregate (11.09 versus 10.94); and reduced mean time to transplantation (by 6 wk); and 
reduced kidney discard rate (25.7% versus 26.2%).  Conclusions. Our findings underscore the feasibility and potential 
advantages of a nationwide CMV seromatching policy in kidney transplantation. 

(Transplantation Direct 2024;10: e1622; doi: 10.1097/TXD.0000000000001622.) 

Cytomegalovirus (CMV) is a ubiquitous β-herpesvirus 
infecting >60% of adults in the United States.1,2 CMV 

seroprevalence is higher among women, non-White race, and 
populations of lower socioeconomic status and increases with 
age.2,3 Once a host is infected with CMV, the virus persists 
throughout the host’s lifetime. Although immunocompetent 
individuals can remain asymptomatic, immunocompromised 
individuals such as the recipients of solid organ transplant 
(SOT) are particularly vulnerable to its deleterious effects 
including increased risks of developing CMV infection and/
or tissue invasive disease, superimposed bacterial and other 
opportunistic infections, cardiovascular and thrombotic com-
plications, acute and chronic allograft rejection, graft loss, 
and mortality.4-11

CMV transmission, replication, and dissemination mainly 
depends on 3 factors in post-SOT: (1) CMV serostatus of the 
donor (D) and the recipient (R) (high-risk D+/R−, intermediate- 
risk D+/R+ and D−/R+, and low-risk D−/R−) (Figure S1, 
SDC, http://links.lww.com/TXD/A643)6,8,12-18; (2) the timely 
development of CMV-specific T-lymphocyte responses19,20; 
and (3) T-lymphocyte targeted immunosuppression (lympho-
lytic induction agents such as rabbit anti-thymoglobulin21 
or alemtuzumab22 and potent maintenance immunosuppres-
sives, like tacrolimus, mycophenolic acid, and belatacept).23,24

Without a prevention strategy, CMV infection/disease 
occurs frequently after SOT (eg, 40%–100% of all kidney 
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transplant recipients develop infection and up to 67% develop 
disease).6,18,25,26 Two prevention strategies have been widely 
adopted in current practice: preemptive therapy and antivi-
ral prophylaxis.14,27-32 Although numerous studies identify 
antiviral prophylaxis to have greater efficacy compared with 
preemptive therapy,8,14,26,29,33,34 the international consensus 
guidelines of the Transplantation Society do not unequivo-
cally prefer one strategy over the other.32

Ganciclovir, Valganciclovir, and Letermovir have been 
approved by the U.S. Food and Drug Administration for pro-
phylactic treatment in D+/R− transplants.35,36 Over 80% of 
high- and intermediate-risk kidney transplant recipients in the 
United States use CMV prophylaxis (mainly Valganciclovir).18 
Despite the widespread use of CMV antiviral drugs, late-onset 
CMV infection/disease remains an important problem aris-
ing after prophylaxis cessation, particularly for D+/R− recipi-
ents, resulting in significantly worse survival than other CMV 
match groups (Figure S2, SDC, http://links.lww.com/TXD/
A643).7,35,37-40

Numerous calls have been made10,41,42 for actions to miti-
gate the impact of CMV on post-SOT. In addition to the 
aforementioned approaches, several prevention measures 
have been proposed.15,16,32,40,43,44 This article focuses on one 
such proposal: CMV serological matching while allocat-
ing deceased donor organs.10,16,17,45 CMV matching has been 
advocated and practiced as early as 1988 in the United States46 
and the United Kingdom,47,48 despite some contradictory find-
ings.15,30,35,42,49 A recent U.S. pilot study16 documented that suc-
cessful CMV matching is possible without adversely affecting 
local transplant rates and waitlisted times. These encourag-
ing results are based on the experiences of a small number of 
transplant centers or a single organ procurement organiza-
tion. The impact of a nationwide CMV matching in deceased 
donor kidney allocation remains unclear.17

Given the high costs of experimenting with a nationwide 
implementation of CMV matching policy in practice, we uti-
lized a detailed computer simulation model50 to understand 
the impact of such a policy change. In particular, we compared 
the simulated allocation policy outcomes under the current 
Organ Procurement and Transplantation Network (OPTN) 
Kidney Allocation System (KAS) policy, which does not con-
sider CMV matching, to various CMV matching policies that 
factor in calculated panel reactive antibody (cPRA) levels.

MATERIALS AND METHODS

Data Sources
This study used data from the United Network for Organ 

Sharing (UNOS) Standard Transplant Analysis Research files, 
which comprise data on all donors, waitlisted candidates, and 
transplant recipients in the United States submitted by OPTN 
members. The authors have abided by guidelines outlined in 
the declarations of Helsinki and Istanbul, and the University 
of Arizona Institutional Review Board approved the study.

Our computer model simulates the U.S. kidney transplant 
waiting list from January 1, 2015, to January 1, 2018. The 
data used in the model included all available candidate, 
donor, and waiting list history records for the simulated 
period sourced from OPTN files. Adult candidates (age ≥ 18) 
on the U.S. kidney-alone waiting list were included; identi-
fying 185 621 individuals, which resulted in 210 572 waiting 
list registrations. Waiting list history data included 584 321 

records containing updates to candidates’ dynamic features, 
such as changes in a candidate’s cPRA or switches between 
active/inactive waiting list status. Donor data included all 
transplanted deceased donor kidneys and those recovered for 
transplantation but not transplanted because “no recipient 
was located/list exhausted”; identifying 25 057 donors with a 
total of 44 936 potential kidneys for transplantation.

Handling Missing Data
Missingness in 2 variables are particularly relevant in our 

study: induction regimen used and CMV serostatus of the 
patient. To impute missing data in induction regimens for 
candidates who did not receive a transplant in UNOS records, 
but may receive one in the simulation, bootstrapping, strati-
fied by transplanting center, was used.51 If a center has not 
completed any transplant, its induction values were sampled 
from national induction usage distribution.

A 2-stage strategy was used to impute missing CMV status 
data for candidates and donors. First, a set of clinically rel-
evant variables were identified (Table S1, SDC, http://links.
lww.com/TXD/A643). Missing values in this set were imputed 
using median for numerical variables and bootstrapping for 
categorical variables based on the rest of the available data.51 
Given the completed set of variables from the first stage, a 
random forest-based imputation method called missForest is 
used in the second-stage to impute missing CMV status,52,53 
resulting in high validation accuracy (measured by the com-
plement of proportion falsely classified): 96.4% for candi-
dates and 94.5% for donors.

Simulation Model Overview and CMV Matching 
Protocol Evaluated

A previously validated simulation model developed by 
the leading authors and described in detail elsewhere50 was 
used. This model resembles the Kidney-Pancreas Simulated 
Allocation Model54 and was also utilized in another study55 
investigating the impact of a new policy proposal targeted 
towards reducing kidney discard rate. Although it is currently 
not publicly available, we have access to the source code of 
the Sandıkçı et al50 model, allowing us to incorporate CMV 
matching into the U.S. KAS and evaluate its consequences.

Three major updates were introduced to the original ver-
sion of the Sandıkçı et al50 model: (1) The kidney allocation 
module was modified to comply with the most recent UNOS 
kidney allocation policy (the KAS-250 policy, effective as 
of March 2021) that eliminated donation service areas and 
UNOS regions. KAS-250 does not consider CMV matching in 
its allocations and forms the baseline for all comparisons. (2) 
The simulated allocation policy was expanded to also include 
an optional CMV matching protocol described in Lockridge 
et al.16 When this option is activated, the offer list generated 
for a D− kidney excluded (where possible) R+ candidates, 
and that for a D+ kidney excluded (where possible) R− can-
didates, helping minimize the CMV mismatch among donors 
and recipients. Exception criteria in this protocol included: (a) 
zero-antigen mismatch transplants, helping control for HLA 
mismatch; (b) candidates with a cPRA above a given thresh-
old (eg, >50%), allowing to keep cPRA prioritization points; 
and (c) lack of CMV-matched recipients. Candidates meeting 
the exception criteria were included in the offer list according 
to KAS-250 policy when a CMV-mismatched kidney arrived. 
(3) The posttransplant graft survival module, which replicated 
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the Cox proportional hazards model of Kidney-Pancreas 
Simulated Allocation Model,54 was updated by reestimat-
ing the Cox regression after adding CMV match status and 
induction immunosuppression status as new covariates to the 
original list of variables (Table S2, SDC, http://links.lww.com/
TXD/A643).

Primary Outcomes and Sensitivity Analysis
Primary simulation outcomes included CMV serodistribu-

tion, equity-focused measures (transplant numbers and rates 
among ethnic minorities, blood types, gender, and highly sen-
sitized patients [with cPRA > 85%]; waiting time, measured 
starting from earliest of the time of listing or time of regular 
dialysis administration, as defined by OPTN), and utility-
focused measures (transplant rate, defined as the number 
transplanted per 100-patient years of active wait time; kid-
ney discard rate, with discards defined as failing to accept an 
offered kidney after a maximum number of offers is made—
this maximum number is determined as 210 after detailed cal-
ibration; HLA-mismatch level; and 1-y graft survival) under 
each simulated policy, stratified by CMV serostatus.

Sensitivity analysis was performed for the cPRA threshold 
defining the exception criteria in the CMV matching protocol. 
Thresholds >0%, >50%, >85%, >95%, >98%, >99%, and 
>100% (no cPRA exception) were tested. For simplicity, the 
CMV matching protocol with cPRA exception threshold x% 
is denoted CMV“x%” when presenting results (eg, CMV“>0%” 
denotes the CMV matching protocol with cPRA exception 
>0%).

Statistical Analysis
Point estimates along with 99% confidence intervals were 

obtained from 30 independent replications. Common random 
numbers56 was used to reduce the variance in simulation esti-
mates. Continuous variables were summarized with means 
and standard deviations, categorical variables with frequen-
cies and percentages. Comparative analysis of continuous var-
iables utilized the 2-sample Wilcoxon signed-rank test, while 
that of categorical variables utilized the 2-sided chi-squared 
test. Benjamini-Hochberg’s multiple comparison adjustment 
was used in pairwise comparison of groups. Survival curves 
were estimated using the Kaplan-Meier method and the log-
rank test was used to compare estimated survival among 
groups. Multivariate Cox analysis was performed to identify 
the predictors of graft failure. A P < 0.05 was considered sig-
nificant for all statistical methods. The simulation code was 
developed using C/C++ and all statistical analyses were com-
pleted using R, Version 3.6.3.

RESULTS

Simulation Model Validation
Validation results for the simulation model was previously 

published in Sandıkçı et al.50 Additional validation results, 
shown in Table S3 (SDC, http://links.lww.com/TXD/A643), 
confirm close parallels between actual and simulated data.

Candidate Characteristics
CMV− and CMV+ candidates exhibit significantly distinct 

listing attributes (Table S4, SDC, http://links.lww.com/TXD/
A643). Compared with CMV− candidates, CMV+ candidates 
were more likely to be female (44.3% versus 28.7%), of 

non-White race (82.1% versus 18.8%), and repeat-transplant 
cases (15.1% versus 8.2%). At the time of listing, CMV+ can-
didates were older (51.1 versus 49.9 y), had a higher preva-
lence of diabetes (44.6% versus 36.8%), exhibited worse 
functional status (35.5% versus 28.7%), had slightly lower 
body mass index (28.1 versus 29.2), and experienced longer 
median waiting times (799.0 versus 445.6 d).

Impact of CMV Matching
Increasing the cPRA exception threshold employed in CMV 

matching restricts the exception set, causing larger deviations 
in the kidney offer sequence compared with that of the base-
line policy and, therefore, yielding more pronounced differ-
ences in outcomes (Tables 1 and 2).

CMV Serodistribution
Compared with the baseline, CMV matching significantly 

decreased the proportion of high-risk (D+/R−) transplants 
(Tables 1 and 2): 18.1% (baseline) versus 8.6%, 6.1%, 5.1%, 
and 2.0% (CMV matching policies CMV“>0%”, CMV“>50%”, 
CMV“>85%”, and CMV“>100%”, respectively). Furthermore, the 
proportion of low-risk (D−/R−) transplants increased steadily 
with CMV matching, reaching its peak of 39.1% under the 
CMV“>100%” policy versus 13.1% (baseline).

Distribution of Exception Statuses for CMV-
mismatched Recipients

The proportion of CMV-mismatched recipients who 
received exceptions decreased from 25.5% under the CMV“>0%” 
policy to 3.6% under the CMV“>100%” policy (Table 3). The 
predominant cause of exceptions was cPRA, but the degree of 
this dominance depends on the cPRA threshold employed. As 
this threshold increases, zero-antigen mismatch becomes an 
increasingly important cause of exceptions.

Utility-focused Metrics
The overall number of deceased donor kidney transplants 

and the overall transplant rate increased steadily from the 
baseline (32 197 and 10.94, respectively) with higher cPRA 
thresholds in CMV matching, reaching their peak (32 755 and 
11.25, respectively) under the CMV“>100%” policy (Tables 1 
and 2; Figure 1). These rises were driven by the increase in the 
CMV R− group, which more than offsets the decrease in the 
CMV R+ group.

Consequently, kidney discard rate decreased steadily with 
CMV matching: 26.23% (baseline) versus 24.96% (the 
CMV“>100%” policy) (Figure 2). Although the discard rate 
remained stable for CMV D+ kidneys, it decreased for CMV 
D− kidneys.

The distribution of the number of HLA mismatch remained 
unchanged for the overall study cohort (Tables 1 and 2), 
whereas that for CMV R− (R+) recipients had a lower (higher, 
respectively) proportion of zero-antigen mismatch transplants 
(12% in baseline versus 11.1% in CMV“>50%” for R− and 
5.78% in baseline versus 6.08% in CMV“>50%” for R+; data 
not tabulated).

Despite a minor increase in the average HLA mismatch 
level (from 3.89 to 3.96; data not tabulated) for CMV R− 
recipients after CMV matching, cumulative graft survival 
at 1-y improved up to 0.28 percentage points for CMV R− 
recipients, whereas it did not change for CMV R+ recipients 
(Figure 3).
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Equity-focused Metrics
Introducing CMV matching may reduce access to trans-

plantation among female, non-White race, repeat, highly sen-
sitized (cPRA > 85%), and CMV seropositive patients, but the 
degree of reduction depends on the cPRA exception threshold 
employed, with higher thresholds resulting in larger reduc-
tions (Tables 1 and 2). At the extreme, CMV“>100%” resulted in 
558 additional transplants (compared with baseline) whose 
recipients were more likely to be male, of White race, heavier, 
CMV seronegative, undergoing their first transplant, and hav-
ing lower cPRA.

Mean time until transplantation among transplant recipi-
ents decreased by up to 55 d after CMV matching (Figure 4). 
Although both CMV R− and R+ groups gained faster access 
to transplantation when CMV matching is employed with 
cPRA exception thresholds up to 85%, only CMV R− group 
continued faster access for higher thresholds.

CMV matching did not change the overall blood type dis-
tribution of transplant recipients (Tables 1 and 2). However, 
using a cPRA threshold of 95% or higher, it increased the 
proportions of type O and type B recipients in the CMV R− 
group, and the proportion of type A recipients in the CMV R+ 
group (Figure S4c, SDC, http://links.lww.com/TXD/A643).

The geographic distribution of allograft utilization remained 
mostly unchanged with the introduction of CMV matching 
(Table 4), except when no cPRA exception was employed (ie, 
the CMV“>100%” policy) for CMV D− kidneys. For D− kidneys, 
within region utilizations were 82%, 77%, 90%, and 77% for 
the U.S. Census regions South, Midwest, West, and Northeast, 
respectively, while the import rates were 22%, 14%, 9%, and 
28%, respectively. Only with the CMV“>100%” policy, within 
region utilization of D− kidneys increased by 1–3 percentage 
points and the import rates decreased accordingly. For D+ 
kidneys, within region utilizations were 84%, 76%, 90%, and 
78% for the South, Midwest, West, and Northeast, respec-
tively, while the import rates were 16%, 16%, 8%, and 34%, 
respectively.

Although CMV matching did not significantly alter the 
geographic distribution of transplanted organs, it resulted in 
higher overall number of transplants in all regions except the 
West, where it remained unchanged (Figure S5, SDC, http://
links.lww.com/TXD/A643). Notably, CMV“>50%” resulted in 
28, 16, and 44 more transplants per year in the Midwest, 
Northeast, and South regions, respectively.

The mean Kidney Donor Profile Index increased from 
40.68% to around 42% among CMV R− recipients, while 
that for CMV R+ recipients plateaued around 45.5% (Figure 
S6, SDC, http://links.lww.com/TXD/A643).

DISCUSSION

CMV seropositivity in the U.S. deceased donor kidneys 
increased from 60.1% in 2015 to 61.6% in 2022 (P = 0.03; 
Figure S1, SDC, http://links.lww.com/TXD/A643), while 
that in primary kidney-only adult recipients remained stable 
around 68% (P = 0.24). Consistent with previous studies,15,35 
we found that donor-recipient CMV serostatus match was a 
significant factor in posttransplant survival (Figure S2, SDC, 
http://links.lww.com/TXD/A643). Recipients of D+ kidneys 
had significantly worse survival than those of D− kidneys, 
regardless of recipients’ CMV serostatus (P < 0.01), with D+/
R− group displaying the worst survival (P = 0.02 or less for Re
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all pairwise comparisons). After adjusting for other confound-
ers, D+/R− remained the only group with significantly worse 
graft survival (P < 0.01; Table S2, SDC, http://links.lww.com/
TXD/A643).

Axelrod et al57 used a Markov model to allocate CMV D− 
versus D+ kidneys to a hypothetical cohort of 100 000 CMV 
R− patients. They found that D−/R− transplants improve sur-
vival and reduce costs and that waiting for a CMV D− kidney 
remained the dominant strategy for up to 30 mo of additional 
waiting time.

Recent practice in the United States witnessed a significant 
increasing trend only in high-risk (D+/R−) transplants (from 
17.3% in 2015 to 18.8% in 2022; P < 0.01; Figure S1, SDC, 
http://links.lww.com/TXD/A643), which may be due to over-
reliance on antiviral CMV prophylaxis. However, even in the 
contemporary antiviral era, worse survival in D+/R− recipi-
ents is well-documented,14,15,31,35,42,58 which underscores the 

importance of some form of CMV matching during the allo-
cation process. Once a host acquires CMV, the virus remains 
for life and viral reactivation or superinfection with a new 
CMV genotype may happen when exposed to immunosup-
pressive agents.

Lockridge et al16 conducted a prospective CMV match-
ing study in 1 donation service area in the U.S. Northwest 
region during 2012–2014 (pre-KAS-250 era). They reported 
that the CMV“>50%” policy decreased D+/R− transplants 
from 18.5% to 2.9% and increased D−/R− transplants from 
13.5% to 24.0%, without adversely affecting transplant 
rates and waitlisted days for CMV R− versus R+ patients. 
The impact of a nationwide expansion of CMV matching has 
been a topic of debate but had not been tested rigorously 
until our simulation-based study. Our results confirm the 
findings of Lockridge et al16 at the national level, reemphasiz-
ing the importance and validity of employing national CMV 

TABLE 2.

Statistical comparison of DDKT recipient characteristics in the United States: KAS-250 policy (without CMV matching) 
versus CMV matching policies with various cPRA exception thresholds (based on simulated data from January 1, 2015, 
to January 1, 2018)

Recipient characteristic

Pa comparing simulated KAS-250 policy (without CMV matching) vs CMV matching policy with cPRA exception 
threshold

>0% >50% >85% >95% >99% >100%d

Agec, y 0.65 0.42 0.42 0.42 0.15 0.15
Gender 0.25 0.80 0.10 <0.01** <0.01** <0.01**
Race 0.53 <0.01** <0.01** <0.01** <0.01** <0.01**
Blood type 0.89 0.89 0.89 0.89 0.89 0.89
UNOS region 1.00 1.00 1.00 1.00 1.00 1.00
Transplant type 0.69 0.69 0.69 0.01* <0.01** <0.01**
HLA-A/B/DR mismatch 0.42 0.30 0.33 0.88 0.99 0.88
cPRA (diabetesb) 0.99 0.99 0.99 0.99 0.99 0.99
BMIb 0.93 0.82 0.36 0.04* <0.01** <0.01**
Functional statusb 0.98 0.98 0.98 0.98 0.98 0.98
Candidate CMV status 0.50 <0.01** <0.01** <0.01** <0.01** <0.01**
Donor CMV status 0.67 0.98 0.67 0.64 0.38 0.28
CMV match status <0.01** <0.01** <0.01** <0.01** <0.01** <0.01**

Significance codes: 0 “**" 0.01 "*" 0.05 " " 1.
a From chi-squared test for categorical variables and Wilcoxon rank-sum test for numerical variables, both adjusted by BH method for multiple pairwise testing.
b At the time of listing.
c At the time of transplant.
d No cPRA exception applies when this threshold is employed.
BH, Benjamini-Hochberg; BMI, body mass index; CMV, cytomegalovirus; cPRA, calculated panel reactive antibody; DDKT, deceased donor kidney transplant; KAS-250, current Organ Procurement and 
Transplantation Network Kidney Allocation System (effective as of March 2021); UNOS, United Network for Organ Sharing.

TABLE 3.

Distribution of exceptions for CMV-mismatched DDKT recipients under various simulated CMV matching policies (based 
on simulated data from January 1, 2015, to January 1, 2018)

Values

Simulated CMV matching policy based on cPRA exception threshold

>0% >50% >85% >95% >99% >100%b

na (% of all recipients) 8257 (25.7) 6093 (18.9) 4756 (14.8) 3454 (10.7) 2187 (6.8) 1176 (3.7)
CMV exception, n (%)
 � cPRA exception 7124 (86.3) 4945 (81.2) 3607 (75.8) 2321 (67.2) 1027 (47.0) 0 (0.0)
 � Zero-antigen exception 634 (7.7) 991 (16.3) 1123 (23.6) 1121 (32.5) 1153 (52.7) 1174 (99.8)
 � Both exceptions 500 (6.1) 155 (2.5) 24 (0.5) 10 (0.3) 4 (0.2) 0 (0.0)
 � No exception 0 (0.0) 1 (0.0) 2 (0.0) 2 (0.1) 2 (0.1) 2 (0.2)
a n: number of records in each group. Missing/unknown values in any particular variable are ignored when reporting summary statistics.
b No cPRA exception applies when this threshold is employed.
CMV, cytomegalovirus; cPRA, calculated panel reactive antibody; DDKT, deceased donor kidney transplant.

http://links.lww.com/TXD/A643
http://links.lww.com/TXD/A643
http://links.lww.com/TXD/A643


8	 Transplantation DIRECT   ■   2024	 www.transplantationdirect.com

matching in kidney allocation. We predict that significantly 
reducing, if not entirely eliminating, CMV mismatch as a pre-
vention strategy is possible without perturbing equity- and 
utility-focused measures.

We tested CMV matching with various cPRA exception 
thresholds: CMV“>50%” appears to strike a better balance 
between gains and losses than other CMV matching policies. 
Compared with current KAS-250 policy, CMV“>50%” resulted 
in lower D+/R− transplants (6.1% versus 18.1%), higher D−/
R− and D+/R+ transplants (27.2% versus 13.1% and 54.0% 
versus 42.0%, respectively), which imply reduced antiviral 

usage (3.15 versus 2.37 mo per recipient) assuming full adher-
ence to the guidelines of the Transplantation Society32 (ie, 6 mo 
of CMV antiviral prophylaxis for D+/R−, 3 mo for R+, and 
none for D−/R−), possibly leading to reductions in antiviral- 
related complications and healthcare costs. Increased number 
of D+/R+ transplants may raise concerns about viral reac-
tivation or superinfection with a new CMV genotype.59-61 
Nonetheless, the risks associated with D+/R− likely outweighs 
those of D+/R+.17 Different strategies may be required to 
monitor and initiate antiviral therapy as the number of D−/
R− recipients at risk for primary CMV infection increases.62

FIGURE 1.  Transplant rate (ie, number transplanted per 100-patient years of active wait time) and total number of transplants for deceased 
donor kidney transplant (DDKT) from January 1, 2015, to January 1, 2018, collected under the OPTN KAS-250 policy (without CMV matching) 
vs simulated CMV matching policies with different cPRA exception thresholds, stratified by recipient CMV serostatus (based on simulated data). 
Numeric values indicate point estimates for the mean values of the policy outcomes while the error bars/shaded bands indicate 99% confidence 
intervals around the point estimates; nonoverlapping intervals indicate statistically significant difference between the simulated policy outcomes. 
CMV, cytomegalovirus; cPRA, calculated panel reactive antibody; KAS-250, current UNOS kidney allocation policy; OPTN, Organ Procurement 
and Transplantation Network; R−, CMV seronegative recipient; R+, CMV seropositive recipient.
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Furthermore, CMV“>50%” vis-à-vis KAS-250 resulted in 
more patients accessing transplantation (86 more patients 
per year, corresponding to 1.4% increase in transplant rate), 
faster access to transplantation (about 6 wk shorter on aver-
age), improved access for highly sensitized patients (24.6% 
versus 24.9%), and reduced donor kidney discard rate (26.2% 
versus 25.7%), but no significant change in any of the other 
outcomes measured.

The benefits of the CMV“>50%” policy were not equally 
shared among different patient groups. The number of trans-
plants increased for CMV R− patients (by 261 per year, or 
+7.8% from baseline), whereas it decreased for R+ patients 
(by 175 per year, or −2.4% from baseline). Contrary to popu-
lar belief,17 however, median time to transplantation among 
transplant recipients decreased more for R+ group (by 8.4 wk, 
or −2.7% from baseline, for R+ versus by 5.9 wk, or −2.4% 
from baseline, for R−). To investigate the enduring effect on 
the time to transplantation of the CMV policy over time, we 
have stratified the waiting time calculations by listing year 
(Tables S5 and S6, SDC, http://links.lww.com/TXD/A643). 
The observed reduction in the time to transplantation associ-
ated with the introduction of the CMV“>50%” policy for the 
overall cohort continues to hold true for patients joining the 
simulated waiting list both before (ie, listing year ≤2014) and 
after (ie, listing years: 2015, 2016, and 2017) the simulation 
start date.

Furthermore, access to transplantation for non-White race 
was reduced (64.4% versus 66.0%), which is undesired but 
expected given the higher CMV seroprevalence in non-White 
race.2,63 This disparity in access to transplantation becomes 
more pronounced as the cPRA exception threshold exceeds 
50% (Table 1). Among higher cPRA values, non-White race 
has higher representation (Figure S3, SDC, http://links.lww.

com/TXD/A643), which suggests that relatively less non-
White patients would benefit from exceptions as the threshold 
is increased. This issue may be mitigated by designing match-
ing protocols with additional exception criteria (such as race 
and Kidney Donor Profile Index) that override CMV sero-
matching in allocation.

Jorgenson et al17 raised a concern that nationwide CMV 
matching might negatively impact southern states by leading 
to more allografts being sent to the Midwest and Northeast. 
Although our implementation did not consider any CMV-
related geographic information while allocating kidneys, we 
found that not only the overall geographical distribution of 
transplanted kidneys but also the import and export rates of 
CMV D− and D+ kidneys in each Census region remained 
stable, particularly under the CMV“>50%” policy.

Another concern involves a possible increase in the num-
ber of HLA mismatches and associated decrease in graft 
survival.59,64,65 Our findings refute this concern: not only the 
overall HLA mismatch distribution remained unchanged but 
also 1-y graft survival increased by a modest amount of 0.28 
percentage points for CMV R− group (P < 0.01), with no 
reduction observed in CMV R+ groups.

CMV seromatching can be integrated into practice similar 
to ABO blood group matching, as we did in this study, or by 
introducing a point-based system similar to patient’s sensiti-
zation level or proximity to donor hospital as in the current 
U.S. KAS. Future research should consider evaluating differ-
ent approaches to incorporate CMV matching under various 
allocation policies including the currently debated continuous 
allocation.

The findings of this study do not diminish the value of 
CMV prophylactic treatment options. Posttransplant moni-
toring of CMV viral load and adherence to CMV prophylactic 

FIGURE 2.  Proportion of deceased donor kidneys discarded under the OPTN KAS-250 policy (without CMV matching) vs simulated CMV 
matching policies with different cPRA exception thresholds, stratified by donor CMV serostatus (based on simulated data from January 1, 
2015, to January 1, 2018). Numeric values indicate point estimates for the mean values of the policy outcomes while the error bars/shaded 
bands indicate 99% confidence intervals around the point estimates; nonoverlapping intervals indicate statistically significant difference between 
the simulated policy outcomes. CMV, cytomegalovirus; cPRA, calculated panel reactive antibody; D−, CMV seronegative donor; D+, CMV 
seropositive donor; KAS-250, current UNOS kidney allocation policy; OPTN, Organ Procurement and Transplantation Network.

http://links.lww.com/TXD/A643
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treatment remain critically important even after any CMV 
matching in allocation.

This study is not without limitations. Using a retrospec-
tive database brings in issues such as reporting bias, possible 
errors, or missingness. Notably, UNOS registry data records 
CMV serostatus only for transplant recipients, but not for 
waiting candidates, which had to be imputed in our study. 
The accuracy of our imputation is very high, increasing cred-
ibility of the results, but misclassification errors cannot be 
entirely ruled out. Furthermore, the database and the simula-
tion model focus on CMV serology, but not posttransplant 
CMV-related complications, which limits the understanding 
of posttransplant CMV outcomes.

We chose our study period as 2015–2018 specifically to 
represent the current era of transplant practices, including 
widespread use of CMV preventive strategies, and to avoid the 
disruptions caused by COVID-19. Although we believe this 
choice should not influence the main results of the study, we 
cannot exclude a possible selection bias. The simulated accept-
ance decisions are based on Scientific Registry of Transplant 
Recipients kidney offer acceptance model,66,67 which does not 
consider donor/recipient CMV status. Revising the acceptance 
model to include CMV status can potentially affect simulated 
outcomes; however, it requires match-run data, which is not 
available to the authors at the time of the study. If introduc-
ing CMV matching to the national KAS drastically shifts the 
transplant centers’ acceptance behavior, then our simulation 
results should be interpreted with appropriate prudence.

CONCLUSIONS

Our results serve as proof of concept for adaptability of 
a nationwide CMV seromatching policy. We identified an 
implementation with a cPRA exception threshold of 50% to 
provide highly desired changes in seromatching distribution 
while simultaneously improving or not significantly disrupt-
ing equity- and utility-focused metrics.
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