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Abstract: Objectives: To explore the Cytomegalovirus (CMV) burden on the long-term post-transplant
course in different donor ages, we evaluated the incidence and risk factors for CMV in our kidney-
transplanted patients (KTs) with extensive adoption of expanded-criteria donors (ECDs). Methods:
Retrospective evaluation of 929 consecutive first KTs (49.5% receiving an organ from a donor ≥
60 years) performed between 01-2003 and 12-2013. Overall survival was estimated using Kaplan–
Meier curves; cumulative incidence function was additionally analyzed to consider the potential
role of death with a functioning graft as a competitive event with graft dysfunction and to avoid
overestimation. Apart from regular DNAemia monitoring in all patients, prophylaxis was adopted
in high-risk groups (D+/R− or recipients of anti-thymocyte globulin induction), with pre-emptive
therapy in the remaining groups. Results: CMV incidence was 19.5% (4–34.9% according to serostatus
combination: D−/R−, D−/R+, D+/R+, D+/R−). Donor and recipient age, recipient pre-transplant
hypertension, DR antigen compatibility, cold ischemia time, and post-transplant early complications,
including rejection, urologic and renal artery stenosis, and lower renal function and proteinuria ≥ 0.5
g/day at one year after KT were associated with CMV. CMV determined lower death-censored graft
survival (DCGS) (p < 0.01), with a prominent effect in R+ (p < 0.01) and without impact in R− (p = 0.32
in D−/R− and p = 0.006 in D+/R−). Interestingly, CMV occurrence influenced DCGS only in KTs
who received grafts from donors < 50 or 50–69 years old (p < 0.01), while it was not significant with
older donors (p = 0.07). The analysis of the cumulative incidence of graft loss accounting for death as
a competing risk confirmed all these findings. In multivariate analysis, CMV replication/disease in
the first year was an independent predictor for DCGS (HR 1.73 [1.3–2.3]). Conclusions: In a large
population with extensive ECD adoption, CMV viremia in the first year demonstrates its harmful
effect with an independent role for graft loss and significant impact among R+ recipients and KTs
with donors < 70 years.

Keywords: cytomegalovirus; renal transplantation; long-term outcomes; risk factors; donor age;
cumulative incidence function

1. Introduction

Late failure of kidney transplants (KTs) represents a significant clinical problem that
limits kidney transplantation duration. Several authors agree that late graft loss could be
related to early, and not even immunologic, injuries (e.g., in the first 6–12 months after
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transplantation), which may lead to a maladaptive repair and subsequent alloimmune
response, causing renal dysfunction, fibrosis, and at least organ failure [1]. Indeed, the
rapid identification of at-risk groups may allow clinicians to improve long-term outcomes.

In this context, Cytomegalovirus (CMV), the most common viral infection after kid-
ney transplantation, acquires a central role in its direct progression to CMV clinical syn-
drome and end-organ disease, but also for its indirect effects, including increased morbid-
ity/mortality, acute and chronic allograft rejection, atherosclerosis, and diabetes [2–4].

Early CMV infection/disease incidence significantly differed based on donor-recipient
serostatus: seronegative patients (R−) who received an organ from a seronegative donor
(D−) had a lower risk. Seropositive recipients (R+) represent the vast majority (50–90%)
worldwide and have an intermediate probability of CMV reactivation or superinfection; in
(R−) KTs with CMV-IgG-positive donors (D+) primary disease and active replication with
severe disease may often occur, and guidelines highly recommend a 3–6-month prophylaxis
regimen with ganciclovir or valganciclovir [5]. Low-risk recipients (D−/R−) usually only
underwent monitoring for clinical signs or symptoms [6]. Among other risk factors related
to CMV replication/disease, studies mentioned donor and recipient age, renal disease,
coinfection with other viruses like BK polyomavirus, the net rate of immunosuppression,
and induction with anti-thymocyte globulins (ATGs). The correlation between CMV and
biopsy-proven acute rejection is, to date, still a matter of debate [7].

Although several studies showed a significant correlation between CMV serostatus
and disease with mortality and graft loss [8,9], the authors of a recent meta-analysis
concluded that further studies are required to quantify the burden of CMV in adult KTs
appropriately [7].

This study aims to evaluate CMV replication/disease incidence in our large cohort of
KTs with a significant number of extended-criteria donors (ECDs) and assess its impact on
long-term outcomes and the correlation of CMV with other known risk factors.

2. Materials and Methods

In this retrospective observational cohort study, we included all deceased donor grafts
performed at the Turin University Renal Transplant Center “A. Vercellone” from January
2003 to December 2013; multi-organ grafts, dual kidney transplantation, and KTs who
received previous transplants were excluded to limit confounding factors and homogenize
the study population. To assess the difference between recipients of standard vs. marginal
kidneys, we stratified the population according to donor ages (<50 years, between 50 and
69 years, and ≥70 years). Follow-up ended in November 2021. The local Ethical Committee
approved this study (Comitato Etico Interaziendale A.O.U. Città Della Salute e Della
Scienza di Torino-A.O. Ordine Mauriziano-A.S.L. Città di Torino, resolution 1449/2019 on
11/08/2019—“TGT observational study”).

All data were extracted from the recipients’ scheduled clinical visits and hospital
admissions. D+/R− recipients and all KTs receiving ATG induction underwent CMV
prophylaxis with valganciclovir for six and two months, respectively. The duration of
prophylaxis could be modified in a small number of cases based on clinical judgment.

After transplantation, CMV viremia was regularly monitored in all recipients, irrespec-
tive of serostatus and donor/recipient CMV matching. The control schedule was biweekly
in the first three months, monthly in the fourth month, and then every two months until
one year after transplantation. Further controls were performed on a clinical basis.

CMV DNAemia was detected in whole blood using a commercially available real-time
PCR assay (CMV-ELITe MGB® kit, ELITechGroup, Milan, Italy). CMV replication is defined
as DNAemia > 1160 UI/mL (=2000 copies/mL). This threshold was considered susceptible
to pre-emptive therapy with oral valganciclovir to achieve the complete negativization of
viremia. Intravenous ganciclovir use was limited to severe forms of CMV disease or in
cases without response to valganciclovir.

Discrete data were described as percentages and analyzed with Pearson’s X2 or, for
small samples, with Fisher’s exact test. The distribution of continuous variables was
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analyzed with the Kolmogorov–Smirnov test. Continuous variables were described as
mean ± standard deviation when normal and as median with interquartile ranges when
non-normally distributed. When appropriate, Mann–Whitney, Kruskal–Wallis, t-test, or
variance analysis with a Bonferroni post hoc test were used to analyze the difference be-
tween groups. Kaplan–Meier (KM) curves analyzed cumulative graft and patient survival.
A univariate model for the main clinically chosen covariates was adopted to identify sig-
nificant predictors (level α = 0.05, log-rank test), followed by a multivariate analysis fitted
with significant univariate variables.

To consider the potential role of death with a functioning graft as a competitive event
with graft dysfunction and to avoid overestimation compared to the traditional Kaplan–
Meier, we also calculated the cumulative incidence function [10]. Gray’s test assessed the
statistical significance of the difference in the cumulative incidences of competing events
among groups.

SPSS software was adopted for all the analyses (IBM Corp. Released 2021. IBM SPSS
Statistics for Windows, Version 28.0.1.0, IBM Corp., Armonk, NY, USA).

Competing risk analyses were conducted using R Statistical Software (v4.2.2; R Core
Team 2022) and theR package cmprsk (v2.2-11). The significance level was α < 0.05.

3. Results

Nine hundred twenty-nine consecutive KTs with a mean follow-up of 10.51 years
(5.38–11.43) were included in our analysis; among them, 460 (49.5%) received an organ
from a donor ≥ 60 years. In this population, CMV replication/disease in the first year after
transplant occurred in 181/929 (19.5%).

We observed that these patients had higher recipient and donor median age, higher
rates of pre-transplant hypertension, lower DR antigen compatibility, and more prolonged
cold ischemia than patients with no history of CMV viremia. Moreover, CMV was asso-
ciated with the main early complications, including acute rejection, cardiovascular and
urologic complications, infections, and renal artery stenosis (Tables 1 and 2).

Table 1. Main characteristics of patients with or without CMV replication/disease in the first year
after transplantation.

CMV within the First Year NO CMV within the First Year p-Value

Donor characteristics
Hypertension, % 57.2 46.5 0.01

Diabetes mellitus, % 10.2 7.8 0.33
Donor age ≥ 60 yrs, % 62.4 46.4 <0.01

Median donor age (25th–75th percentiles) 66 yrs (53.5–72) 58 yrs (46–69) <0.01
Median donor eGFR CKD-EPI

mL/min/1.73 m2/1.73 m2

(interquartile range)
92.44 (68.89–104.35) 93.00 (72.35–110.82) 0.21

Recipient characteristics
M/F ratio, % 66.9/33.1 64.3/35.7 0.55

Median age (25th–75thpercentiles) 58 yrs (49; 65) 54 yrs (46; 63) 0.01
HD/PD, % 70.6/29.4 78.9/21.1 0.02

Hypertension, % 91 87 0.16
Pre-Tx cardiopathy, % 40.0 33.2 0.10

Pre-Tx HCV+, % 2.3 6.1 0.06
Pre-Tx diabetes mellitus, % 14.4 11.1 0.25

Transplant characteristics
DR 0/1/2 (match), % 0/64.6/35.4 0/54/45.9 0.03

Cold ischemia ≥ 18 h, % 57.2 49.4 0.04
Delayed graft function, % 28.7 24.7 0.29
ATG induction therapy, % 1.2 0.9 0.31
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Table 2. Post-transplant complications, renal function, and proteinuria in patients with or without
CMV replication/disease in the first year after transplantation.

CMV within the First Year NO CMV within the First Year p-Value

1-year proteinuria ≥ 0.5 g/day, %, % 22.3 14.2 0.02
1-year eGFR (CKD-EPI) < 45
mL/min/1.73 m2/1.73 m2, % 65.3 46.5 <0.01

BPAR in 1st year, % 10.5 4.4 <0.01
NODAT in 1st year, % 27.2 18.9 0.02

De novo/recurrent glomerulonephritis, % 6.1 8.7 0.29
Urologic complication in 1st year, % 24.3 13.5 <0.01
Renal artery stenosis in 1st year, % 15.5 6.3 <0.01

Major cardiovascular complication in 1st year, % 27.6 15.1 <0.01
Ischemic cardiopathy in 1st year, % 1.7 1.6 0.95

Infection in 1st year, % 53 32.2 <0.01

BPAR: Biopsy-proven acute rejection; NODAT: New-onset diabetes mellitus after transplant.

Regarding immunosuppressive therapy, patients with CMV replication/disease had a
lower percentage of mTOR inhibitors as part of their maintenance therapy one year after
transplantation (9.4% vs. 15.6%; p = 0.03).

We then investigated the CMV impact on patient/graft survival in our population:
5- and 10-year death-censored graft survival (DCGS) was 89.4/82.2% and 82.2/61.7% in
KTs without/with CMV in the first year after transplant, respectively (p < 0.01 for all time-
points, Figure 1). Cumulative incidence of graft loss accounting for death as a competing
risk confirmed the negative impact of CMV (p < 0.001, Figure 2).

Patient survival did not differ between groups (90.8/91.7% at five years and 80.1/79.3%
at ten years, p = 0.17).

Subsequently, we divided the studied population according to CMV donor/recipient
serostatus in D−/R− (Group 1, n = 25 [2.7%]), R+ (Group 2, n = 781 [84%]), and D+/R−
(Group 3, n = 123 [13.3%]). CMV influenced graft survival only in Group 2, probably due to
the low sample sizeand the low number of events in the other subgroups (Figures 3 and 4).

The influence of CMV on graft survival was highlighted in Group 2, where 5- and
10-year DCGS was 89.6/80.9% and 81.6/57.7% in patients without/with CMV occurrence
in the first year, respectively (p < 0.01, Figures 3 and 4).

Considering the number of ECDs in our population with high recipient and donor
ages, we also analyzed the possible interaction between CMV occurrence and donor age.
Table 3 summarizes sample sizesand main characteristics of KTs stratified for donor age
(<50, 50–69, and ≥70 years).
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Table 3. Main characteristics of patients with different donor ages.

All Patients
(929 pts)

Donors < 50 yrs
(277 pts)

Donors 50–69 yrs
(413 pts)

Donors ≥ 70 yrs
(239 pts) p-Value

Donor characteristics
eGFR CKD-EPI mL/min/1.73
m2/1.73 m2 (25–75 percentiles) 112.45 (80.2–127.25) 94.27 (69.15–104.69) 87.64 (64.41–94.28) <0.01

Hypertension, % 20.6 56 67.6 <0.01
Diabetes mellitus, % 3.6 12.1 7.3 <0.01

Recipient characteristics
M/F ratio, % 64.6/35.4 62.5/37.5 69/31 0.24
HD/PD, % 75/25 71/29 66/34 0.05

Pre-Tx diabetes mellitus, % 6 11.5 18.7 <0.01
Pre-Tx hypertension, % 84.7 88.7 89.9 0.16
Pre-Tx cardiopathy, % 27.7 35.5 40.9 <0.01

Pre-Tx HCV+, % 4.5 5.6 6 0.73
Transplant characteristics

DR 0/1/2 (match), % 0/49/51 0/56/44 0/65/35 <0.01
Cold ischemia ≥ 18 h, % 37.6 55.2 58.8 <0.01

Delayed graft function, % 20.2 25.3 32.2 0.01
ATG induction therapy, % 2.4 1.3 0.5 0.18

Transplant complications
1-year proteinuria ≥ 0.5 g/day, % 10.2 17.3 20.4 <0.01

1-year eGFR (CKD-EPI) < 45
mL/min/1.73 m2/1.73 m2, % 18.0 58.9 73.7 <0.01

BPAR in 1st year, % 6.1 5.8 4.6 0.73
NODAT in 1st year, % 13.4 22.5 21.8 <0.01

De novo/recurrent
glomerulonephritis, % 10.8 6.3 8.4 0.1

Urologic complications in 1st year, % 9 19.1 17.2 <0.01
Renal artery stenosis in 1st year, % 1.1 9.4 13.8 <0.01

Major cardiovascular complications
in 1st year, % 20.2 15.6 13.4 0.32

Ischemic cardiopathy in 1st year, % 0.7 1.7 2.5 0.27
Infections in 1st year, % 32.1 35.8 41.8 0.07

BPAR: Biopsy-proven acute rejection; NODAT: New-onset diabetes mellitus after transplant.

Table 4. Multivariate analysis for determinants of graft outcome (death-censored).

p-Value Hazard Ratio (Confidence Interval 95%)

1-year proteinuria 0.2–0.5 g/day 0.32 1.17 (0.86–1.60)
1-year proteinuria ≥ 0.5 g/day <0.01 2.74 (1.97–3.81)
1-year eGFR (CKD-EPI) ≥ 44

mL/min/1.73 m2/1.73 m2 <0.01 0.40 (0.29–0.55)

Donor age 50–69 years <0.01 1.66 (1.14–2.43)
Donor age ≥ 70 years <0.01 2.13 (1.40–3.23)

CMV replication/disease in 1st year <0.01 1.73 (1.30–2.30)
CMV IgG+ pre-transplantation (R+) 0.44 0.87 (0.61–1.44)

BPAR in 1st year 0.03 1.59 (1.05–2.39)

BPAR: Biopsy-proven acute rejection
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without CMV replication/disease in the first year after transplantation.

4. Discussion

Long-term graft survival and developing strategies to control and overcome modifiable
risk factors are among the main challenges for transplant teams worldwide. This study
focused on the CMV role in a large population of consecutive KT patients adopting pre-
emptive therapy with a significant prevalence of suboptimal donors.

CMV is one of the herpesviruses that may cause significant infections in immuno-
compromised patients, including KTs [11,12]. In the general population, CMV infection
occurs during infancy without substantial symptoms, and the virus remains in a latent
state. A potentially harmful disease may develop in subjects with compromised immune
defense (e.g., treatments with immunosuppressive drugs, cancers with active disease and
concomitant therapy) or in women during pregnancy where CMV replication could cause
fetal malformations [11,13]. In transplant patients, similar to other viruses, CMV infection
occurs when a significant imbalance between the host immune system and the virus has
been established, mainly during the more pronounced immunosuppressive “pressure” in
the first period after transplant [11,12,14]. The direct correlation between immunosuppres-
sive load and infection was confirmed by the incidence peak of CMV viremia/disease
worldwide documented early after transplant (commonly during the first six months)
but also in the period immediately after an increase in immunosuppressive treatment or
severe immune impairment for different reasons (e.g., treatment of acute rejection, severe
contemporary infection, an unintentional increase in drug levels for intestinal problems) [4].

Although CMV is a well-known detrimental factor for transplant outcomes, beyond
the current guidelines, real-world data for the available preventive strategies and their
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effect on CMV occurrence are limited [6]. Also, risk factors could be debatable, with
different impacts according to specific population characteristics.

Our analysis shows CMV is associated with donor and recipient age, donor pre-
transplant hypertension, DR antigen compatibility, and cold ischemia time.

All these factors have been previously reported in the literature [5,15–19]. For example,
regarding one of the main focuses of our analysis, Hemmersbach-Miller et al. documented
that the risk of CMV reactivation in CMV-seropositive recipients was significantly more
frequent in the older group (71.4% vs. 44.4%, p = 0.003) and occurred earlier (p = 0.003); ad-
ditionally, in their multivariate model, recipient age was associated with CMV reactivation
(OR, 2.48, p = 0.03). Old patients maintained their increased risk also when correcting for
ATG induction (OR, 3.81, p = 0.014); interestingly, while the older group had a higher risk of
infection after the initial episode, the relative hazards were approximately equal, suggesting
the importance of avoiding the first episode of reactivation. The authors concluded that
universal or hybrid prophylaxis should be indicated in CMV-seropositive kidney transplant
recipients aged ≥65 years [15]. Our study emphasizes these associations, confirming their
role in a population with a significant percentage of expanded-criteria donors and high
donor/recipient age

In our analysis, CMV viremia also determined an increased risk of biopsy-proven
acute rejection, new-onset diabetes (NODAT), cardiovascular complications, renal artery
stenosis, and infections. All these conditions have been previously documented as related
to CMV infection [14,16,20–33]. The relationship between CMV and acute rejection has
been intensively studied and debated. In a multiple time-dependent Cox analysis, Sagedal
et al. showed that CMV infection and CMV disease were significant independent predictors
for acute clinical rejections. CMV disease, but not CMV infection, was also a predictor of
tubulointerstitial rejection [31]. By contrast, Erdbruegger et al. noted that patients with
CMV were more likely to receive clinically indicated biopsies, but this did not translate
into a more significant number of patients with episodes of acute cellular rejection on
histopathology; the additional analysis of protocol biopsies revealed a significantly higher
number of episodes of rejection per patient with CMV infection, but only in a subgroup
of patients with triple immunosuppression [34]. These differences may derive from the
heterogeneity in donor and recipient age and criteria for acute rejection diagnosis (clini-
cal/histological). An additional explanation could be the adoption of different strategies
for kidney biopsies (clinically indicated vs. per protocol).

The association of CMV with NODAT has been extensively investigated. Hjelmesæth
et al. found an incidence of new-onset diabetes of 6% in a control group of recipients without
CMV infection and 26% in the group with asymptomatic CMV infection; interestingly, the
group of patients with CMV infection had a significantly lower median insulin release than
controls [33]. However, some groups do not confirm this association [35,36]. Once again,
differences in patient characteristics, CMV prophylaxis, and immunosuppressive therapy
may explain these opposite results.

Fewer studies have commented on the association between CMV and renal artery
stenosis. Pouria et al. identified more CMV infections in patients with renal artery stenosis
than in controls [37]. This association was confirmed by Kamali et al., who addition-
ally noted that positive CMV-antibody was more frequent in recipients with renal artery
stenosis [28].

More recently, the role of CMV in cardiovascular disease has raised attention. Couri-
vaud et al., using a Cox regression analysis, documented that patients with post-transplantation
CMV replication had an increased risk of atherosclerotic events and death [38]. Rodríguez-
Goncer et al. reviewed the association of CMV with post-transplant atherosclerotic events,
highlighting the ability of CMV to promote a local inflammatory milieu with dysfunction of
endothelial and smooth muscle cells, accelerating immunosenescence, activating the coagu-
lation cascade, and impairing lipid metabolism, leading to oxidative stress and cholesterol
accumulation in the vessel wall. According to seroepidemiological studies in the general
population, R+ patients also have an increased risk of cardiovascular disease. CMV DNA
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is also more commonly detected in vessel-wall specimens obtained from patients with
atherosclerosis than in controls [27].

The association of CMV with other infections is well established. For example, CMV
infection has been linked with an increased risk of bacterial infections (including pneumonia
and nocardiosis) and invasive fungal diseases such as aspergillosis and reactivation of
latent β herpesviruses such as human herpesvirus 6 and 7 [39].

Our finding that CMV could be related to urological problems is instead uncommon:
to the best of our knowledge, this observation was only recently suggested by Herrera
et al. [40]. In that study, the authors noted increased nephrostomy requirements in recipients
with CMV, leading to their speculation that the need for nephrostomy is more common in
patients with post-transplant complications with a heightened state of immunosuppression.
Our population could support this association, considering that older donors and recipients
are more prone to urological problems [41].

The relationship between CMV and lower eGFR has been extensively investigated.
Erdbruegger et al. reported differences in renal function within the first six weeks after
transplantation between patients with and without a history of CMV, with the best renal
function in patients without a history of acute rejection or CMV. In contrast, patients with
both acute rejection and CMV had the worst renal function [30]. In a retrospective cohort
of CMV-seropositive KTs receiving ATG induction therapy, Reusing et al. showed that
patients with CMV disease had more deceased donors, higher donor age, lower lymphocyte
count, and lower median eGFR at day 90 [42]. Blazquez-Navarro et al. showed that CMV
viral loads over 10,000 copies·mL−1 led to significant GFR impairment [16].

Some authors also proposed that patients with impaired graft function have a higher preva-
lence of CMV occurrence [30], probably due to altered pharmacokinetics/pharmacodynamics
of immunosuppressive drugs [29] or impaired T-cell and immune response [43]. In this context,
CMV and IF/TA, a common cause of late allograft dysfunction and proteinuria [44], have a
mutual relationship, because CMV could directly determine this condition [45] but could also be
more observed in patients with early IF/TA [30]. Our observation of a significant correlation be-
tween CMV and proteinuria may be included in this complex picture involving several donors,
recipients, and transplant factors influencing long-term transplant function and survival.

CMV incidence and impact on the graft have also been related to D/R serostatus.
Usually, patients with negative serology before kidney transplant (R−) who received a
graft from a CMV-Ig-positive donor (D+) experienced severe episodes of infection with
the worst outcome. With no prevention, almost all recipients with D+/R− combination
develop CMV viremia (which, in these cases, indicates a primary infection), and half
experience clinical symptoms. The cluster of R− patients represents a niche of high-risk
subjects in which CMV infection may also occur after transfusion and sexual activity with
CMV-Ig-positive partners [4,6,11,12,14].

In our analysis, we noticed that CMV occurrence had a major presence among D+/R+
and D−/R+, with a trend in D+/R–, probably due to the low sample size, despite a possible
effect of the prophylaxis in limiting the severity of CMV replication/disease, as already
observed by other authors [46,47].

However, in addition to these findings, our study is the first to our knowledge in
a real-world setting to show a complex relationship between donor age and CMV: viral
replication/disease remained an independent predictor of DCGS (HR 1.73) but differ-
ently impacted KTs from older donors. These data were also confirmed by analyzing the
cumulative incidence of graft loss and considering death as a competing risk.

Despite CMV and graft loss being linked together in different case series [48–51], even
adopting a multivariate model [9], and a recent metanalysis that derived a pooled OR of
nearly 2-fold increased risk of kidney failure after CMV infection [7], insufficient data are
available in KTs receiving ECDs, where immunological modifications may theoretically
increase the risk of infection.

In our experience, CMV occurred more frequently in older donors (11.9% in KTs with
donors < 50 years, 21.8% with donors 50–70 years, and 24.3% with donors ≥ 70 years) but
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negatively impacted graft survival only in KTs with donors < 50 years or between 50 and
69 years.

As exposed in recent guidelines about CMV management, an association between
CMV and patient survival is described in many (but not all) studies, and CMV is con-
sidered a long-term allograft failure [52]. In the study by Arthurs et al., D+/R− who
developed tissue-invasive CMV disease after antiviral prophylaxis showed increased allo-
graft loss or mortality but in a population with prevalent living donors and low recipient
age (47 ± 13 years) [9]. In the randomized clinical trial by Kliem et al., universal pro-
phylaxis significantly increased long-term graft survival four years post-transplant, with
the lowest graft loss rate in D+/R+ following prophylaxis. Once again, the population
predominantly consisted of young donors and recipients (48.8 ± 16.1 years and 48.6 ±
14.8 years in the prophylaxis and pre-emptive group, respectively) [53]. Also, in more
recent experiments correlating CMV to graft loss in different settings, donor and recipient
ages reflect low utilization of old donors [8,42,54,55]. For example, in Bestard et al., the
recipient age in patients with CMV disease was 38.8 ± 13 vs. 48.5 ± 13 in patients without
the disease [54]. In Kaminski et al., the mean age was 48.3 ± 14.1 years in patients with
late-onset disease, 47.4 ± 15.1 in the early-onset group, and 45.5 ± 15.7 in patients without
CMV infection; the number of ECDs was 12/24, 14/27, and 19/71, respectively [55].

The discrepancy between increased incidence and reduced impact on allograft func-
tion requires further analysis and confirmation. However, recipients with younger donors
have different and prominent immunological activation after CMV infection. Some research
in the immunological area suggests different relationships between CMV, age, and immuno-
logical system. Campos et al., analyzing the effect of CMV seropositivity and aging on the
distribution of NK cell subsets, identified that CMV seropositivity in young individuals
does not significantly affect peripheral blood NK cell percentages and NK cell subsets
defined by the use of CD56 and CD16 markers, but, in contrast, a significant increase
in the rate of NK cells is observed in elderly donors, all of whom are CMV ser-positive
when compared with young CMV-seropositive subjects [56]. T cell receptor clonal diversity
of memory cells may become skewed in older individuals with massive expansions of
cells specific for chronic infections, including CMV [57]. Based on this immunological
viewpoint [55–57], CMV may emerge as a preeminent risk factor in this niche.

Even though our study has some limitations (lack of quantitative data on CMV viral
load and timing of CMV infection during the first year to understand the cause–effect
relationship with other complications), it analyzed a homogeneous population of consecu-
tive first single KTs with an extended follow-up performed by the same transplant team
(surgeons, nephrologists, and pathologists), including a significant proportion of KTs from
ECDs, commonly excluded from other available experiments.

Although it is universally accepted that high-risk patients (D+/R−) should undergo
extensive anti-CMV prophylaxis after kidney transplantation, uncertainties remain on man-
aging medium-risk patients that now represent the majority of KT recipients. In particular,
the beneficial effects of prophylaxis over pre-emptive therapy or a deferred approach in
these patients may be weighted based on increased toxicity, especially leukopenia, given
prolonged antiviral exposure (with the consequent need to reduce some class of drugs and
risk of under-immunosuppression). Moreover, even if prophylaxis efficiently blocks CMV
replication, it may interfere with developing a CMV-specific immune response, potentially
resulting in CMV disease after cessation [58,59].

5. Conclusions

Based on our work, certain subgroups of patients with young donor age and specific
risk factors (i.e., early signs of graft dysfunction, including mild proteinuria) should receive
more extensive CMV screening or be evaluated for anti-CMV prophylaxis. These tar-
geted interventions may reduce the CMV burden in KT recipients and improve long-term
allograft function.
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