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Universal prophylaxis for cytomegalovirus (CMV) pre-
vention is viable but, compared with a preemptive
strategy, leads to higher incidence of late-onset dis-
ease (LOD) associated with poor patient and graft sur-
vival. The purpose of this study was to compare LOD
with early onset disease (EOD), with a focus on the
highest risk kidney transplant recipients (KTRs): CMV
seronegative recipients transplanted from seroposi-
tive donors (D+R-). Since CMV control depends on
both antiviral treatment and specific immune
response, we also compared V52-negative (V52"%9) yo
T cell expansion involved in CMV infection resolution.
EOD was defined as occurring <3 mo and LOD as
occurring >3 mo after transplantation. Depending on
the period, universal prophylaxis or preemptive treat-
ment was used. Overall, 168 D+R— KTRs were
included between 2003 and 2011. LOD was associated
with a lower peak DNAemia (p = 0.04), fewer recur-
rences (odds ratio 0.16; 95% confidence interval
0.05-0.55; p = 0.01) and shorter anti-CMV curative
treatment (40 vs. 60 days, p < 0.0001). As a corollary,
we found that V52"%9 y§ T cell expansion was faster in
LOD than in EOD (31 vs. 168 days after the beginning
of CMV disease, p < 0.0001). In D+R— KTRs, universal
prophylaxis is associated with more LOD, which had
better infection management and a faster immune
response. These results support the use of universal
prophylaxis over a preemptive strategy and reap-
praise outcomes of LOD.

Abbreviations: +, seropositive; ATG, anti-thymocyte
globulin; AUC, area under the curve; Cl, confidence
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interval; CMV, cytomegalovirus; D+R—, seronegative
recipients transplanted from seropositive donors;
eGFR, estimated GFR; EOD, early onset disease; IV,
intravenous; KTR, kidney transplant recipient; LOD,
late-onset disease; OR, odds ratio; QNAT, quantitative
nucleic acid test; SD, standard deviation; —, seronega-
tive; V52"®9, V62-negative
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Introduction

In the present era of universal prophylaxis, late-onset
cytomegalovirus (CMV) represents a challenge for the
transplant physician, especially in the highest risk group,
namely, seronegative recipients transplanted from
seropositive donors (D+R—). CMV incidence remains ele-
vated in these patients, at between 16% and 37%,
depending on the duration of preventive therapy (1,2). In
one study directly comparing prophylactic and preemp-
tive approaches, it was clearly demonstrated that late
DNAemia occurs much more frequently in the prophy-
lactic versus the preemptive setting (3,4). In addition,
late DNAemia has been associated with poor prognosis,
with a reduction in graft survival and higher patient mor-
tality (5-10). Moreover, it has been claimed that the pre-
emptive strategy, usually associated with CMV
DNAemia or early onset disease (EOD), may have the
advantage of boosting antiviral immunity by exposure to
asymptomatic DNAemia compared with universal
prophylaxis (11).

Both late-onset disease (LOD), with its poor outcomes
and impaired immune response against the virus, and
immunosuppressive burden are considered the main
drawbacks of universal prophylaxis in comparison to the
preemptive strategy associated with EOD. Nevertheless,
studies depicting the poor prognosis of LOD have rarely
focused on the high-risk D+R— population (5) and have
defined LOD as all CMV events >3 mo after transplanta-
tion including recurrences (5), which are already known
to have poorer prognosis (12,13).



No study has ever directly compared LOD and EOD in
terms of control of CMV infection, general outcomes or
anti-CMV cell-mediated immunity kinetics. In this con-
text, we and others have shown that V&2-negative
(V82"%9) v8 T cells are key effector components in the
control of CMV infection (14-16). This subset, which is
typically located within the epithelia, is characterized by
the use of V81, Va3 or Vb segments (collectively called
V82"®9 48 T cells), whereas the most common subset
in the peripheral blood uses the association of V82 and
Vy9 variable regions (Vy9/Vé2 T cells). After CMV infec-
tion, but not after other viral infections (e.g. herpes sim-
plex virus, Varicella zoster virus, Epstein—Barr virus and
influenza), V82™9 v& T cells undergo massive expansion
in the blood of kidney transplant recipients (KTRs)
(14,17). Recently, we demonstrated that V52"™° v§ T
cell expansion in the peripheral blood of KTRs was
associated with the resolution of infection, and we
observed a higher risk of recurrence at the end of a
curative treatment in the absence of V829 v& T cell
expansion (18).

To retrospectively reappraise the outcomes of LOD,
defined as the first episode of CMV disease >100 days
after transplantation in a population of D+R— KTRs, we
compared three populations of KTRs—patients with
LOD, with EOD and without CMV disease (defined as
asymptomatic patients with or without CMV DNAemia)
—for variables regarding severity of infection, evolution
of the immune response through V§2"° v§ T cells, and
graft and patient outcomes.

Materials and Methods

Study design and patients

As shown in Figure 1, 168 D+R— patients who received a deceased or
living donor kidney allograft at Bordeaux University Hospital from Jan-
uary 1, 2003, to December 31, 2011, were included in this retrospec-
tive study, and the virological (whole-blood real-time CMV quantitative
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immunophenotyping) determinations were collected for >2 years after
transplantation.

From January 1, 2003, to November 30, 2006, patients received universal
prophylaxis for 3 mo using valganciclovir 900 mg once daily. From
December 1, 2006, to June 30, 2010, patients were preemptively fol-
lowed and treated when the CMV QNAT was positive (i.e. 250 1U/mL).
Finally, from July 1, 2010, to December 31, 2011, patients received 6 mo
of universal prophylaxis using valganciclovir 900 mg once daily.

CMV disease was defined as CMV syndrome or CMV tissue-invasive dis-
ease, based on standardized criteria (19). LOD was defined as the first
episode of CMV disease occurring >3 mo (100 days) after transplantation.
EOD was defined as the first episode of CMV disease occurring <3 mo
(100 days) after transplantation. Absence of CMV replication was defined
as two consecutive CMV-negative QNATSs. Intravenous (IV) ganciclovir
(5 mg/kg twice daily) or oral valganciclovir (900 mg twice daily) was given
for curative treatment and was always followed by oral valganciclovir
(900 mg/day), as described previously (20). The anti-CMV treatment was
discontinued once absence of CMV replication was obtained. The dose
was carefully adjusted at each outpatient visit, according to the manufac-
turer's recommendations, using the Cockcroft-Gault formula. Recurrent
DNAemia and recurrent disease were defined as a second or later epi-
sode of positive CMV DNAemia with or without symptoms either at
scheduled visits or with evidence of clinical recurrence in patients with
proven absence of CMV replication.

The immunosuppressive regimen was based on calcineurin inhibitors with
a tacrolimus target trough concentration of 10-12 ng/mL for the first 3 mo
and then 5-10 ng/mL. The cyclosporine A target trough concentration was
150-200 ng/mL for the first 3 mo and then 75-125 ng/mL. Mycophenolic
acid was used mainly as an antiproliferative drug. Steroids were decreased
quickly in the first month to 5 mg/day or stopped. Anti-thymocyte globulin
(ATG) was used in immunized patients. Expanded criteria donor and
delayed graft function were defined as described previously (21,22). Pre-
transplant HLA sensitization was defined as the presence of anti-HLA anti-
bodies in the recipient, using a single-antigen flow bead assay (One
Lambda Inc, Canoga Park, CA). All acute rejections, which included both
antibody-mediated and T cell-mediated acute rejections, were biopsy pro-
ven. Graft failure was defined as return to dialysis. This study was approved
by the institutional review board of the Bordeaux University Hospital.

CMYV monitoring
CMV IgG serology was performed (Enzygnost anti-CMV/IgM and 1gG

acid nucleic test [QNAT]) and immunological (peripheral blood [Dade Behring, Marburg, Germany] and Access CMV IgG and IgM
Jan 2003 to Dec 2011
833 patients
D-R- 119
l >| R+546
168 D+R-
CMV disease No CMV disease
77 patients treated : 91 patients treated :
39 preemptively 41 preemptively
38 universal prophylaxis 50 universal prophylaxis
Late-onset di: ‘ Early-onset disease
36 patients 41 patients

Figure 1: Flow chart of the study design. +, seropositive; —, seronegative; D, donor; R, recipient.
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[Beckman Coulter, Brea, CAl), following the manufacturer’s recommenda-
tions. Whole-blood CMV QNAT was performed using real-time poly-
merase chain reaction, as described previously (23), and the results were
converted to international units per milliliter using calibration to the World
Health Organization International Standard (24). The sensitivity of the
whole-blood CMV QNAT was 250 [U/mL. CMV DNAemia was considered
positive when detectable (i.e. >250 IU/mL). CMV negation was defined
as CMV DNAemia <250 1U/mL.

Baseline viral load was defined as the viral load of the first positive CMV
DNAemia during the first episode of CMV disease, and the peak viral load
was defined as the maximum viral load during the first episode of CMV
disease. CMV QNAT was performed once a week for the first 3 mo,
once a month between months 3 and 6, and then every 2 months up to
1 year and if CMV disease was suspected clinically. During the virological
monitoring of CMV disease, the assay was performed once a week until
two consecutive negative CMV DNAemia QNATs occurred. Antiviral drug
resistance was suspected when persistent viral replication was observed
after >2 weeks of appropriate antiviral therapy and was confirmed by full-
length sequencing of the UL97 and UL54 genes (25), performed at the
French National Cytomegalovirus Reference Center (Limoges, France).
Sequences were compared with the AD169 reference sequence using
the Gene Librarian 3.2 software (Visible Genetics Inc., Siemens, France)
(26,27).

Flow cytometry analysis and monitoring of V52" yé T cells
Blood samples were analyzed at the Bordeaux University Hospital
immunology laboratory by flow cytometry using a FC500 flow cytometer
from Beckman Coulter. All blood samples were withdrawn on EDTA anti-
coagulant in Vacutainer 5-mL tubes (BD Biosciences, Mountain View, CA)
and kept at room temperature until processed. Following the manufac-
turer's recommendations, labeling was carried out on whole blood and
red blood cells lysed at room temperature with a Versalyse (Beckman
Coulter France, Villepinte, France) lysing solution added to lotest fixative
solution (Beckman Coulter, Macon, France). Events were acquired with
the dedicated CXP-1 software.

V52"%9 v T cells were detected with anti-V32 and anti-PAN-§, purchased
from Beckman Coulter France. V329 y8 T cell count was obtained using
the flow count bead kit from Beckman Coulter following a lyse and no-
wash procedure, according to the manufacturer's recommendations.

At our center, the surveillance of V82"°¢ v3 T cells was based on mea-
surement at day 0 of the graft; at months 3, 6 and 12; and then annually.
In case of positive CMV DNAemia, additional V32" y3 T cell determina-
tions were performed. V52™°9 y§ T cell expansion was defined as demon-
strated previously (18). The measure of V529 3 T cell expansion and
the time of V§2™°9 y§ T cell expansion from CMV disease were deter-
mined as described previously (18).

Statistical analysis

Analyses were performed with conventional statistical methods using R
statistical software (version 3.10.1; R Foundation for Statistical Comput-
ing, Vienna, Austria) and, specifically, the Ime4 and ROCR packages (28).
The Mann-Whitney, Kruskal-Wallis and chi-square tests were used, if
appropriate. A p < 0.05 was considered statistically significant. The cumu-
lative incidence functions depending on the type of disease were com-
puted using the Nelson-Aalen estimator (29) (no disease, EOD or LOD),
and the test of the type of disease effect on patient death, graft failure
and acute rejection was performed with the Fine and Gray model (30). To
identify risk factors, bivariable analyses (i.e. chi-square analysis for cate-
gorical variables and Wilcoxon rank sum test for continuous variables)
were performed to compare variables in the groups with and without
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CMV disease. Variables with p < 0.20 from bivariable analyses were
assessed further and were eligible for inclusion in the multivariable
model.

Results

Baseline characteristics of patients

Overall, 168 D+R— KTRs were included in this monocen-
tric retrospective study between January 2003 and
December 2011. Among them, 91 (54.2%) did not
develop CMV disease; 36 (21.4%) developed LOD, and
41 (24.4%) developed EOD. The characteristics of these
three groups are depicted in Table 1.

Following univariate analysis comparing CMV disease
(EOD and LOD) and absence of disease, the following
risk factors were associated with CMV disease: HLA
sensitization, expanded criteria donors, total ischemia
time, ATG and delayed graft function. Following multivari-
ate analysis, ATG was the only independent factor asso-
ciated with CMV disease (odds ratio [OR] 3.2; 95%
confidence interval [Cl] 2.6-5.5; p = 0.001) (Table 2).

No significant differences were observed between EOD
and LOD for baseline characteristics of transplantation:
donor and recipient ages, transplantation range, HLA
sensitization, expanded criteria donors, total ischemia
time and delayed graft function. Neither baseline
immunosuppressive regimen nor type of induction treat-
ment (anti-IL-2R antibody or ATG) was significantly dif-
ferent. Consequently, although this study extended over
three time periods in terms of CMV management, we
did not isolate day O of transplantation as a specific risk
factor associated with LOD compared with EOD in this
cohort of D+R— patients.

Characteristics of CMV diseases

LOD occurred preferentially following universal prophy-
laxis (86% of LOD after universal prophylaxis, 14% after
a preemptive strategy), whereas EOD was observed
preferentially following a preemptive strategy (83% of
EOD after a preemptive strategy, 17% after universal
prophylaxis; chi-square, p < 0.0001) (Table 3). Peak viral
load was significantly lower in the course of LOD than
EOD (p = 0.04), whereas the baseline viral load was sig-
nificantly higher in LOD (p = 0.001). Despite this, treat-
ment duration to obtain absence of CMV replication was
shorter during LOD compared with EOD (p < 0.0001).
We previously reported that peak viral load and treat-
ment failure were risk factors for antiviral drug resis-
tance during preemptive therapy (25). In this study, we
observed that antiviral drug resistance occurred less
frequently during LOD than EOD (11% vs. 58.5%,
p = 0.008). The initial treatment with IV ganciclovir or
valganciclovir did not differ between the two groups
(o =0.12). The clinical presentation was not different
between EOD and LOD. Notably, the prevalence and
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Table 1: Baseline characteristics of patients
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D+R—
LOD EOD No disease
Criteria n =236 n=41 n =291 p-value
Recipients
Age, years (mean £ SD) 48.2 + 13.8 49.1 +£12.2 47.4 £ 13.9 0.9
Sex (male/female) 27/9 28/13 65/26 0.7
HLA sensitized (yes/no) 10/26 11/30 21/70 0.01"
Nephropathy, n (%) 0.17
Glomerular 12 (33) 19 (46) 33 (36)
Tubulointerstitial 7 (19) 3(7) 10 (11)
Vascular 4(11) 3(7) 11 (12)
Diabetes 0 3(7) 3(3)
Hereditary 7 (19) 7 (17) 19 (21)
Malformation 2 (5.5) 2 (5) 4 (4)
Unknown 4(11) 4(10) 9 (10)
Hemodialysis/peritoneal 36/0 35/4 81/3 0.5
dialysis, n
Transplantation, n (%) 0.3
1 32 (89) 33 (80) 73 (80)
2 1(3) 4 (10) 15 (16)
>3 3 (8) 3(7) 3 (4)
Donors
Age, years (mean + SD) 48.3 + 14.1 47.4 + 151 455 + 15.7 0.6
Expanded criteria donors (yes/no) 12/24 14/27 19/71 0.012
Living donors 1 0 4 0.3
HLA A/B/DQ/DR mismatches, n 3.6 3.7 3.36 0.8
Total ischemia time, h (mean + SD) 182 +£ 84 174 £ 5.7 175 +64 0.09
Delayed graft function (yes/no) 12/24 16/25 26/65 0.6
Immunosuppressive treatment, n
Cyclosporine A/tacrolimus/mTOR 12/22/2 8/31/2 24/66/1 0.7
inhibitor
Mycophenolic acid 36 40 90 0.9
Corticosteroids 36 41 91 1
Anti—IL-2R antibody/ATG 23/13 2714 64/27 0.02°
Corticosteroid duration, days (mean + SD) 511 + 943 497 + 923 500 + 925 0.8

ATG, anti-thymocyte globulins; D+R—, seronegative recipients transplanted from seropositive donors; EOD, early onset disease; LOD,
late-onset disease: mTOR, mammalian target of rapamycin; SD, standard deviation.

"Global chi-square was significant (p = 0.01). The p-values for comparisons between groups are as follows: LOD versus EOD, p = 0.4
(no significant); LOD versus no disease, p = 0.001; EOD versus no disease, p = 0.001.

2Global chi-square was significant (p = 0.02). The p-values for comparisons between groups are as follows: LOD versus EOD, p = 0.4
(not significant); LOD versus no disease, p = 0.001; EOD versus no disease, p = 0.001.

3Global chi-square was significant. The p-values for comparisons between groups are as follows: LOD versus EOD, p = 0.4; LOD ver-

sus no disease, p = 0.001; EOD versus no disease, p = 0.001.

Table 2: Multivariate analysis for cytomegalovirus disease

Criteria OR (95% CI) p-value
HLA sensitized 1.25 (0.6-2.5) 0.53
Total ischemia time 0.95 (0.83-1.98) 0.12
Expanded criteria donor 9 (0.95-3.8) 0.07
ATG 3.2 (2.6-5.5) 0.001

ATG, anti-thymocyte globulin; Cl, confidence interval; OR, odds
ratio.

the clinical pattern of organ-invasive CMV disease inci-
dence were similar between LOD and EOD (p = 0.25),
(Table 3).
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The risk of recurrent DNAemia and disease was
significantly reduced following LOD

We next analyzed the rate of recurrent CMV DNAemias
or diseases in patients with LOD or EOD. As shown in
Figure 2, the risk of recurrent DNAemias was signifi-
cantly reduced after LOD compared with EOD; they
occurred in 13 of 36 (36%) patients with LOD and 33
of 41 (80%) patients with EOD (OR 0.09, 95% ClI
0.03-0.025, p < 0.001). The risk of recurrent CMV dis-
ease was also reduced after LOD compared with EOD.
Only three of 36 (3%) D+R— patients undergoing LOD
had a recurrent CMV disease compared with 12 of 41
(30%) patients with EOD (OR 0.16, 95% CI 0.05-0.55,
p < 0.01).
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Table 3: Characteristics of cytomegalovirus diseases

Infection parameters LOD, n=36 EOD, n =41 p-value

Preemptive versus universal prophylaxis, n 5/29 34/7 <0.0001

Time of onset infection from transplantation, 230 (127-271) 30 (25-39) <0.0001
days, median (quartiles 1-3)

Peak viral load, IU/mL, median (quartiles 1-3) 45 086 (10 600-272 550) 94 925 (41 950-585 000) 0.04

Baseline viral load, IU/mL, median (quartiles 1-3) 25 494 (4469-189 150) 1597 (999-32 350) 0.001

Treatment duration to obtain eradication, days, 40 (25-50) 60 (40-90) <0.0001
median (quartiles 1-3)

Valganciclovir versus IV ganciclovir, n 4/25 10/29 0.12
Antiviral drug resistance, yes/no, n 4/32 15/26 0.008
Syndrome versus organ-invasive disease, n 18/14 24/15 0.25

Organ-invasive diseases
Gastrointestinal 9 11 0.3
Hematological 3 2
Pulmonary 3 4
Retinitis 0 1
Hepatitis 1 1
Multiple 3 4

IV, intravenous; LOD, late-onset disease; EOD, early-onset disease.

V52"°9 y6 T cell expansion occurred faster in LOD
than in EOD

The association of LOD with lower peak DNAemia,
shorter time to obtain absence of replication and less
recurrence would suggest that an efficient immune
response takes place more quickly in these patients. As
demonstrated previously, V82™9 v§ T cells are critical
players in CMV control in humans (14-16), and early
V82™% 48 T cell expansion was recently identified in
patients with late-onset CMV infection (18).

We compared the longitudinal evolution and the time to
V52"%9 v8 T cell expansion in EOD and LOD patients (Fig-

100

ure 3). With the longitudinal approach (Figure 3A), V529
vd T cells increased faster in peripheral blood of patients
who had LOD than in those with EOD. In LOD patients,
V82™°9 v& T cell percentage became significantly higher
than the baseline level (analyzed before CMV disease) at
day 20 after CMV disease (p < 0.05). In EOD patients,
V32™°9 v& T cell percentage became significantly higher
than the baseline level at day 140 after CMV disease
(p < 0.05). As defined previously (18), we next calculated
the time from CMV disease diagnosis to V529 v T cell
expansion in LOD and EOD patients. We found that the
median of time to V82"°% 8 T cell expansion was
31 days after the beginning of CMV disease in LOD and

M late onset disease, n=36

Percentage of patients

m early onset disease, n=41

recurrentDNAemia recurrentdisease

Figure 2: Reduced risk of recurrent CMV DNAemia and CMV disease following LOD. After CMV disease eradication, defined by
two negative successive CMV quantitative nucleic acid tests, antiviral treatment was stopped, and data about recurrent CMV DNAe-
mia and recurrent disease were collected. Overall, 33 of 41 patients with EOD versus 13 of 36 patients with LOD had recurrent CMV
DNAemia (OR 0.09, 95% CI 0.03-0.25, p < 0.001). Moreover, 12 of 41 patients with EOD versus three of 36 patients with LOD had
recurrent CMV disease (OR 0.16, 95% CI 0.05-0.55, p < 0.01). Cl, confidence interval; CMV, cytomegalovirus; EOD, early onset dis-

ease; LOD, late-onset disease; OR, odds ratio.
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Figure 3: V52"9 v T cell response in EOD and LOD patients from the beginning of CMV disease. (A) Kinetics of V52" y§ T
cells in peripheral blood of patients with LOD and EOD. In LOD patients (gray line) and EOD patients (black line), V82"°° y8 T cell per-
centage interpolated data every 20 days are represented from day 0 of CMV disease (first positive CMV gquantitative nucleic acid test).
*p < 0.05 in LOD patients, comparison of V382" v& T cell percentages before and after V52" v& T cell expansion. **p < 0.05 in
EOD patients, comparison of V829 v T cell percentages before and after V82"°° v3 T cell expansion. The p-values were obtained
using the Mann-Whitney test. (B) Box plots showing time from CMV disease diagnosis to V82" y& T cell expansion (days) in patients
with LOD and EOD. Patients with >100 days between two determinations of V52"%9 v T cells were excluded from this analysis, as
described previously (18). The p-value was obtained with the Mann-Whitney test. CMV, cytomegalovirus; EOD, early onset disease;
LOD, late-onset disease; V52"Y, V§2-negative.

168 days after the beginning of CMV disease in EOD cell subpopulations in EOD compared with LOD patients.
(Figure 3B) (p < 0.0001). These observations demon- We observed that EOD occurred during a profound

strate a faster anti-CMV immune response after LOD. lymphocytic depletion (total lymphocyte count in Fig-
This relationship was also observed in the subgroup of ure 4A) concerning both CD4 (Figure 4B) and CD8 T cells
preemptively treated patients who had LOD (14% of pre- (Figure 4C), reflecting the highest burden of immunosup-
emptively treated patients) (Figure S1). As a corollary, pressive treatment, in the first weeks after transplanta-
the 17% of patients treated with universal prophylaxis tion. Nevertheless, it is interesting to note that there
who had EOD (all because of intolerance or nonadher- was no significant difference in T cell absolute values at
ence) had a delay in V32™° 8 T cell expansion (Fig- day O of infection between patients with LOD and EOD
ure S1). (917 vs. 809 for total T cell count; 423 vs. 341 for CD4 T

cells; 230 vs. 169 for CD8 T cells). In fact, EOD occurred
Considering only asymptomatic DNAemia, we also found during the decrease of both CD4 and CD8 T cells,
that patients with late-onset DNAemia had more rapid whereas LOD occurred while the T cells count was
expansion of their V82" y& T cells compared with stable.
patients with early onset DNAemia (Figure S2).The type
of induction, ATG versus anti—IL-2R antibody, did not Comparison of clinical outcomes at 3 years after
influence the kinetics of V32"9 y8 T cells (percentage or transplantation for patients with LOD, EOD, and no
absolute count) among patients who had CMV disease CMV disease
(Figure S3). Results of V52™9 y3 T cells are expressed in We analyzed the usual clinical outcomes (acute rejection,
percentages of total lymphocytes, but similar results renal function, graft and patient survival) at 3 years after

were obtained with absolute counts (Figure S4). transplantation.
EOD occurred during profound lymphocytic As shown in Figure 5, acute rejection (LOD, 33.3%;
depletion EOD, 26.8%; no disease, 24.2%; p = 0.6), graft failure

The impact of the profound immunosuppression early (LOD, 8.3%; EOD, 14.6%; uninfected, 7.7%; p = 0.3)
after transplantation in EOD patients is illustrated in and patient death (LOD, 2.8%; EOD, 2.4%; no disease,
Figure 4. We described the immune status of other T 0%; p=0.29) were not significantly different among
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Figure 4: Total lymphocytes and CD4 and CD8 T cells in EOD and LOD patients from the beginning of CMV disease. Kinetics
of total lymphocyte cells (A) and CD4 (B) and CD8 (C) T cells in peripheral blood of patients with LOD and EOD. In LOD patients (gray
line) and EOD patients (black line), absolute counts of total lymphocytes (A) and CD4 (B) and CD8 (C) T cells (interpolated data) every
20 days are represented from day 0 of CMV disease (first positive CMV QNAT). *p < 0.05 in LOD patients, comparison of V§2"9 v§
T cell percentages before and after V82" v& T cell expansion. **p < 0.05 in EOD patients, comparison from baseline value. The
p-values were obtained using the Mann-Whitney test. CMV, cytomegalovirus; EOD, early onset disease; LOD, late-onset disease;

V§2"°9, V§2-negative.

patients who had LOD, who had EOD and who did not
develop CMV disease. Moreover, using the MDRD equa-
tion, estimated GFR (eGFR) was not different among
EOD (mean 47.5 mL/min; standard deviation [SD] 20.6),
LOD (51.5 mL/min; SD 15.4) and absence of disease
(65.2 mL/min; SD 20.4) at 1 year after transplantation
(o = 0.45). At 3 years after transplantation, eGFR was
not different between EOD and LOD (41.8 mL/min;
SD 18 for EOD; 42 mL/min; SD 12 for LOD; p =0.7),
but eGFR was better in patients without disease
(52.6 mL/min; SD 18.7) compared with those with EOD
(p =0.02) and LOD (p =0.02). Interestingly, we also
observed an opposite correlation between 3-year eGFR
and the area under the curve (AUC) of CMV DNAemia
using a linear regression with a p-value of 0.026. That
means that CMV disease and the intensity and duration
of the viremia (reflected by the AUC) negatively affect
3-year eGFR.

Considering asymptomatic CMV DNAemia and not dis-
ease, we found the same results: Acute rejection
(p =0.27), graft failure (p =0.3) and patient death
(p = 0.17) were not significantly different among patients
with late, early and no infection.

Discussion
In this study, we compared LOD versus EOD in D+R—

KTRs and found that LOD had better outcomes because
of a lower peak viral load, a shorter time to stop viral
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replication following treatment, less antiviral drug resis-
tance, fewer virological and clinical recurrences and a
faster immune response. Moreover, LOD and EOD had
the same detrimental effects on graft and patient
survival at 3 years after transplantation. Today, LOD
appears mainly after the discontinuation of universal
prophylaxis in D+R— patients. LOD has often been
recognized for its negative impact on graft (10) and
patient survival (6,10,31) compared with patients free of
CMV disease. This issue is considered the main draw-
back for universal prophylaxis, but the sole alternative to
this strategy is preemptive treatment, which leads to
EOD. We found that eGFR was lower in both EOD and
LOD patients than in patients without disease. This find-
ing confirms the poorer prognosis associated with LOD
but shows that EOD is also associated with more
chronic allograft dysfunction than is seen in patients free
of CMV disease, as has already been described by
Kliem et al (32). Indeed, patients using a preemptive
strategy (i.e. a marker of early disease) had lower graft
survival than patients who received universal prophylaxis
(32), but direct comparison between EOD and LOD was
not done.

LOD occurs mainly in D+R— patients for whom CMV dis-
ease is more life-threatening (33,34) and more difficult to
eradicate and who are at higher risk of recurrences and
antiviral drug resistance (35,36). In the randomized VIC-
TOR trial comparing IV ganciclovir versus valganciclovir in
the treatment of CMV disease, only 58% of patients had
viral eradication at day 21, and 85% had viral eradication
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Figure 5: Comparison of clinical outcomes at 3 years after transplantation among patients with LOD, EOD, or no CMV
disease. Incidence of acute rejection was 33.3% in LOD patients, 26.8% in EOD patients and 24.2% in patients free of CMV disease
(p = 0.6). Incidence of graft failure was 8.3% in LOD patients, 14.6% in EOD patients and 7.7% in patients without CMV disease
(p = 0.3). Incidence of patient death was 2.8% with LOD, 2.4% with EOD and 0% in patients free of CMV disease (p = 0.29). The Fine
and Gray model was used to perform the three analyses. CMV, cytomegalovirus; EOD, early onset disease; LOD, late-onset disease.

at day 49 (37). In this study, we showed that median
treatment duration to stop viral replication in D+R—
patients is 40 days in LOD versus 60 days in EOD. Con-
sequently, LOD is associated with a savings of 20 days
of treatment, which is important in terms of both safety
and costs. This finding contrasts with the fact that the
baseline viral load is higher in LOD, probably because the
virological monitoring is less stringent at the end of uni-
versal prophylaxis. This suggests that in LOD, the control
of infection is more effective and easier to implement
compared with EOD. Recurrences of CMV infection are
another worrying problem in the management of KTRs,
with a previously described frequency of ~30% (37,38),
but analysis following EOD versus LOD had not yet been
achieved. In this study, we found that EOD was associ-
ated with a very high rate (80%) of CMV DNAemia recur-
rence and with 30% of symptomatic recurrences,
complicating the management of these patients. In con-
trast, LOD was associated with 36% of CMV DNAemia
recurrence but only 3% of symptomatic recurrences.
Because EOD occurs mainly after a preemptive strategy,
we believe that this strategy is not appropriate in D+R—
patients and argue strongly for universal prophylaxis in
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these high-risk patients. Moreover, in naive D+/R—
patients, universal prophylaxis is thought to hamper the
development of a specific immune response, causing
more late-onset CMV infections than the preemptive
approach (3,39), with increased morbidity (10). This
observation could argue for the choice of a preemptive
strategy. Conversely, we found that the time to V&2"%9
vd T cell expansion was shorter in patients with LOD,
most of whom were treated with universal prophylaxis.
Other studies found that universal prophylaxis did not
suppress CMV-specific antibodies and T cell response
(40,41). We hypothesized that the delay from transplanta-
tion obtained with prophylaxis could allow (i) local priming
of V829 8 T cells in tissues in the absence of systemic
dissemination of the virus and (i) a decrease of the
immunosuppressive burden. When a late-onset infection
occurs following the end of the universal prophylaxis,
V52™%9 v3 T cells are more prone to undergo an efficient
expansion, and LOD is managed more easily. Indeed, it
has been described previously that a context of high fre-
quencies of memory cells (as could be the case during
prophylaxis) could favor rapid memory differentiation and
preservation of proliferative potential on viral boosting
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(CMV disease) (42), thereby mimicking a kind of vaccine
approach.

Actually, no data in humans shows such a local priming
of Vé2neg vé T cells in tissues after local CMV infection
or reactivation; however, this hypothesis stems from a
mouse model developed by our group that demonstrated
that tissular v T cells (spleen, lungs, intestine, and liver)
participated in early protection against mouse CMV infec-
tion and underwent differentiation into effector memory
cells on CMV challenge (43). Concerning the burden of
immunosuppression, EOD occurs at the highest level,
which could explain the delayed V32" v8 T cell expan-
sion, whereas a faster expansion of V52™9 y§ T cells
after LOD could be explained by the decrease in this bur-
den of immunosuppression after 3 mo.

We did not measure CMV-specific CD8 T cells in this
work, but we previously described a concomitant expan-
sion of y8 T cells and CMV-specific CD8+ T cells after
CMV infection (44).

Due to its retrospective design, our study has some limi-
tations. In particular, we were not able to isolate specific
risk factors associated with LOD, whereas LOD has
been associated previously with donor age, poor eGFR
and ATG (6,45,46). Following multivariate analysis, we
found that ATG was the only factor associated with CMV
disease, whether for LOD or EOD. ATG is a well-known
risk factor of CMV disease (6,47), particularly in D+R—
patients, and, not surprisingly, we also found it was the
only risk factor. Interestingly, we found that ATG induc-
tion did not hamper V82"°° v3 T cell expansion following
CMV infection, confirming a close observation of the
effect of ATG on the development of CMV-specific af
cell T cell response (48).

In conclusion, the present work emphasized that LOD
has a more favorable outcome in high-risk naive patients
because of a faster anti-CMV immune response. Given
the close link between LOD and universal prophylaxis,
our study strongly argues for recommending this strat-
egy in the management of D+R— patients.
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Figure S1: V52"°9 y§ T cell response in LOD after a
preemptive strategy compared with EOD after
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universal prophylaxis. Kinetics of V52"9 v§ T cells in
peripheral blood of the subgroup of patients with LOD
after a preemptive strategy compared with the subgroup
of patients with EOD after universal prophylaxis. In LOD
patients (gray line) and EOD patients (black line), V529
vd T cell percentages (interpolated data) every 20 days
are represented from day 0 of CMV disease (first posi-
tive CMV quantitative nucleic acid test). CMV, cytomega-
lovirus; EOD, early onset disease; LOD, late-onset
disease; V52"%9, V§2-negative.

Figure S2: V52"°? y8 T cell response in patients with
early onset DNAemia and late-onset DNAemia from
the beginning of CMV disease. Kinetics of V52" v T
cells in peripheral blood of patients with early onset
DNAemia and late-onset DNAemia. In the late-onset
DNAemia group (black line) and the early-onset DNAemia
group (gray line), V82" v& T cell percentages (interpo-
lated data) every 20 days are represented from day O of
CMV infection (first positive CMV quantitative nucleic
acid test). CMV, cytomegalovirus; EOD, early onset dis-
ease; LOD, late-onset disease; V52"°9, V§2-negative.
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Figure S3: V52"°? v T cell response in patients with
CMV disease after anti-IL-2R antibody and ATG.
Kinetics of V82™9 8 T cells in peripheral blood of
patients with CMV disease after anti-IL-2R antibody and
ATG. In after anti—IL-2R antibody (black line) and ATG
(gray line), V82" v8 T cell percentages or absolute
counts (mm?; interpolated data) every 20 days are repre-
sented from day 0 of CMV infection (first positive CMV
quantitative nucleic acid test). ATG, anti-thymocyte glob-
ulin; CMV, cytomegalovirus; EOD, early onset disease;
LOD, late-onset disease; V82"%9, VV32-negative.

Figure S4: V52"°9 y5 T cell response in patients with
EOD and LOD in absolute count from the beginning
of CMV disease. Kinetics of V32" yd T cells in periph-
eral blood of patients with EOD and LOD in absolute
count (mm?3). In the LOD group (gray line) and the EOD
group (black line), V82"9 y§ T cell absolute count (mm?;
interpolated data) every 20 days are represented from day
0 of CMV infection (first positive CMV quantitative nucleic
acid test). CMV, cytomegalovirus; EOD, early onset dis-
ease; LOD, late-onset disease; V52"°9, Vd2-negative.
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