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Human Cytomegalovirus-Specific T-Cell Immune Reconstitution in
Preemptively Treated Heart Transplant Recipients Identifies Subjects
at Critical Risk for Infection
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Human cytomegalovirus (CMYV) infection represents a major threat for heart transplant recipients (HTXs). CMV-specific T cells
effectively control virus infection, and thus, assessment of antiviral immune recovery may have clinical utility in identifying
HTXs at risk of infection. In this study, 10 CMV-seropositive (R*) pretransplant patients and 48 preemptively treated R* HTXs
were examined before and after 100 days posttransplant. Preemptive treatment is supposed to favor the immune recovery. CMV
DNAemia and gamma interferon enzyme-linked immunosorbent spot (ELISPOT) assay were employed to assess the viremia and
immune reconstitution. HTXs could be categorized into three groups characterized by high (>100), medium (50 to 100), and
low (<50) spot levels. Early-identified high responders efficiently controlled the infection and also maintained high immunity
levels after 100 days after transplant. No episodes of grade =2R rejection occurred in the high responders. Midresponders were
identified as a group with heterogeneous trends of immune reconstitution. Low responders were 41% and 21% of HTXs before
and after 100 days posttransplant, respectively. Low responders were associated with a higher incidence of infection. The effect
of viremia on immune recovery was investigated: a statistically significant inverse correlation between magnitude of viremia and
immune recovery emerged; in particular, each 10-fold increase in viremia (>4 log,, DNAemia/ml) was associated with a 36%
decrease of the ELISPOT assay spot levels. All episodes of high viremia (>4 log,, DNAemia/ml) occurred from 1 to 60 days after

transplant. Thus, the concomitant evaluation of viremia and CMV immune reconstitution has clinical utility in identifying
HTXs at risk of infection and may represent a helpful guide in making therapeutic choices.

eart transplantation is the primary and established procedure

for treating a variety of diseases, including end-stage heart
and coronary disease resulting in progressive loss of organ func-
tion (18). Despite the modern advances in surgical procedures, a
recurrent problem is represented by posttransplant opportunistic
infections that may fatally affect heart transplant recipients
(HTXs). Among the infectious agents affecting transplant patients
(reviewed in references 13, 27, and 43), cytomegalovirus (CMV)
accounts for the most frequent cause of morbidity and mortality
(21, 33). During the posttransplant phase, the immunosuppres-
sive regimen and proinflammatory conditions predispose to CMV
reactivation and shedding. In adult transplant patients, CMV fre-
quently reactivates from the allograft donor or recipient and
symptomatic clinical manifestations, including CMV disease, are
strictly associated with the recipient CMV serostatus (12). Post-
transplant CMV viremia may promote direct damage to the host
and, indirectly, enhanced acute and chronic allograft rejection,
also favoring the development of posttransplant vasculopathy (6,
8-10, 16, 28, 30, 32, 42, 44, 45). During the posttransplant phase,
virus replication may be effectively controlled with antiviral drug
administration; however, intrinsic antiviral drug toxicity, poor
patient compliance, and eventual development of drug-resistant
strains discourage the prolonged administration of drugs. CMV-
specific T cells have the beneficial effect of controlling the virus
infection (4, 14, 15, 17, 20, 38) and limiting the potential virus-
induced vascular damage (31, 41); thus, the antiviral immune re-
constitution is considered one of the most auspicious achieve-
ments in order to control the virus’s ability to induce disease. Most
of the studies on T-cell immune reconstitution in HTXs were
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performed in prophylactically treated patients. Antiviral prophy-
laxis effectively inhibits virus replication but is also associated with
a delayed priming of T-cell immune reconstitution and a higher
incidence of late-onset CMV disease (3, 5, 17, 21, 22). Antiviral
preemptive therapy, allowing a limited degree of viral replication
and antigen exposure, is thought to be beneficial for antiviral T-
cell immune reconstitution (15). As shown in other solid organ
transplant settings (2), preemptive and prophylactic antiviral
strategies, pharmacological treatment, and preexisting levels of
antiviral immunity may have a dramatic impact on the antiviral
immune reconstitution. Thus, immunological monitoring of the
antiviral T-cell reconstitution is becoming an appealing and at-
tractive strategy. The trend of posttransplant immune reconstitu-
tion may provide insights and critical notions on the risk of devel-
oping CMV-induced complications. For this reason, routine
immunological monitoring of transplant patients has been pro-
posed (14, 17). In this study, we present the results of a cross-
sectional study analyzing the pattern of antiviral immune recon-
stitution in a cohort of 48 CMV-seropositive (R*) HTXs treated
with preemptive therapy compared to 10 pretransplant R* pa-
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TABLE 1 Patients’ characteristics®

Characteristic Result’
Total no. of subjects enrolled 58
Pretransplant patients (control group) 10 (17)
Gender
Female 4(7)
Male 6 (10)
Range (median) age (yr) 26-68 (58)
Transplant patients (HTXs)
R*/D* and R*/D™ 48 (83)
Gender
Female 8 (14)
Male 40 (69)
Range (median) age (yr) 11-74 (59)
Immunosuppressive regimen
CNI + MMEF + steroids 21 (44)
CNI + azathioprine + steroids 20 (42)
Including mTOR inhibitors 7 (14)
Transplant-related mortality 2 (4)
Mortality from other causes 1(2)
Acute rejection episodes 17 (35)
Grade 1R rejection (formerly known as 1A) 9(19)
Grade 2R rejection (formerly known as 3A) 8 (16)
Posttransplant CMV DNAemia 36 (75)
Treatment for CMV infection during posttransplant phase 29°(60)

@ Abbreviations: D* and D, seropositive or seronegative donor; CNI, calcineurin
inhibitors; MMF, mycophenolate-mofetil; mTOR, mammalian target of rapamycin.
b Results are presented as number (percent) of patients unless indicated otherwise.

¢ Seven patients were not preemptively treated because CMV DNAemia was <5,000
copies/ml.

tients. This study is an observational analysis of how T-cell im-
mune reconstitution occurs in the posttransplant phase when pa-
tients are preemptively treated and exposed to limited virus
replication.

MATERIALS AND METHODS

Patients and clinical definitions. Forty-eight adult HTXs and 10 pretrans-
plant patients were enrolled in the study from September 2006 to July 2011.
None of the pretransplant patients underwent heart transplantation during
the study follow-up. Patients were voluntarily recruited among the ones on
the transplantation list (pretransplant group) and within 100 or after 100 days
posttransplant. Twenty-nine patients were analyzed both before and after 100
days posttransplant, while 19 patients were analyzed once for collection of a
single data point before or after 100 days posttransplant. Patients were volun-
tarily recruited to donate 10 ml of peripheral blood for gamma interferon
(IFN-y) enzyme-linked immunosorbent spot (ELISPOT) assay and CMV
DNAemia determination. The Internal Review Board (IRB) of Padua General
Hospital approved all the medical procedures. A signed written consent dis-
closing the aims and goals of the study was required from each enrolled pa-
tient. A written explanation with terms and privacy policy was also provided
to the enrolled patients and their primary care physicians. The enrollment
exclusion criteria were being CMV seronegative (R™; CMV IgG negative)
before transplantation or having preexisting or acquired immunodeficien-
cies.

Treatments and clinical definitions. CMV infection is defined as de-
tection of viremia at >1,000 copies/ml of whole blood. CMV disease was
defined as symptomatic clinical manifestations with fever and malaise asso-
ciated with detectable CMV viremia and not ascribable to any other infection
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TABLE 2 Time of occurrence of CMV infection and =2R rejection
score

No. of patients

with a =2R
No. (%) of rejection
Occurrence of CMV viremia patients (48) score?
No detectable viremia 12 (25) 0
Viremia before 100 days posttransplant 26 (54) 6
Viremia after 100 days posttransplant 2 (4) 1
Viremia before and after 100 days 8(17) 1
posttransplant

@ A rejection score of =2R was formerly known as a score of 3A.

or condition. For all transplant patients, the transplant-conditioning regimen
included antithymocyte treatment (recombinant antithymocyte globulin, 20
mg/kg of body weight/day) for 4 days posttransplant. The immunosuppres-
sive maintenance scheme is shown in Table 1. Transplant patients were
treated according to a preemptive strategy, defined as described previously
(21,29, 35,37) and consisting of the initiation of antiviral treatment upon the
detection of a viral load (CMV DNAemia) above 5,000 copies/ml. The thresh-
old of 5,000 copies/ml to initiate anti-CMV preemptive antiviral treatment
was arbitrarily chosen on the basis of previous observations on safety and
effectiveness (data not shown). Anti-CMV preemptive treatment included
oral administration of valganciclovir (Valcyte; Roche) at a standard dose (900
mg twice a day) or intravenous ganciclovir (5 mg twice a day) corrected
according to renal function. Antiviral therapy was considered successful when
two sequential negative CMV DNAemia tests were obtained. Cases of CMV-
resistant strains were not detected among the transplant patients. Cardiac
biopsy specimens were analyzed and graded according to the International
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FIG 1 ELISPOT assay as a predictor of CMV infection. Box-and-whisker plot
of CMV-specific IFN-y ELISPOT levels of HTXs who controlled or experi-
enced CMV viremia within 60 days after ELISPOT determination. The rect-
angular box connects the upper and lower quartiles and the median. Whiskers
connect the upper and lower extremes. The ELISPOT level corresponds to the
number of CMV pp65-specific IFN-vy spots/200,000 PBMCs. ELISPOT assay
data included those for the test performed from 30 to 360 days posttransplan-
tation. *, P < 0.05.
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FIG 2 CMV-specific immunity in 10 pretransplant patients and 48 HTXs. Box-and-whiskers plot of pretransplant (control group), early (<100 days posttrans-
plant), and late (>100 days posttransplant) CMV-specific IFN-y ELISPOT levels in HTXs. Data are for 19 HTXs with single ELISPOT assay determinations taken
<100 or >100 days after transplant and ELISPOT assay and 29 HTXs followed prospectively both before and after 100 days after transplant. Numbers in
parentheses display the number of ELISPOT assay determinations done for each group.

Society of Heart and Lung Transplantation (ISHLT) (39). Endomyocardial
biopsy specimens (EMCBs) were collected on a weekly basis during the first
month posttransplant and every 15 days within 30 to 90 days posttransplant.
From days 90 to 360, EMCBs were analyzed every 30 days. Rejections with a
score of =2R, formerly known as a score of =3A, were treated with intrave-
nous methylprednisolone (1 g/day) for 3 days, with the dose being adjusted
according to physician discretion. During the grade =2R rejection, patients
were not treated with antiviral prophylaxis. Patients’ demographic and clini-
cal data are shown in Table 1.

Evaluation of CMV DNAemia and CMYV serology test. Routine sur-
veillance for viral reactivation or infection comprised weekly determina-
tion of whole-blood CMV DNAemia during the first 100 days posttrans-
plant and continued thereafter if clinically indicated. CMV DNAemia was
evaluated using an in-house real-time PCR-based method on whole
blood. PCR primers, probes, and amplification conditions were described
previously (25). The lowest detection limit corresponded to 1,000 viral
copies/ml of whole blood. CMV IgG and IgM serology was assessed using
diagnostic-grade IgG and IgM enzyme-linked immunosorbent assays
(Enzygnost; Dade Behring).

Evaluation of immune response. Peripheral blood mononuclear cells
(PBMCs) were extracted and purified by Ficoll (GE Healthcare) separa-
tion. PBMCs were resuspended in RPMI 1640 medium supplemented
with 10% human type AB serum (Sigma-Aldrich) and seeded at a concen-
tration of 1 X 10° cells/ml in 96-well IFN-y-coated ELISPOT assay plates
(Autoimmun Diagnostika). For each patient, duplicate wells were incu-
bated with phytohemagglutinin (PHA; 10 pwg/ml; Autoimmun Diagnos-
tika) or phorbol 12-myristate 13-acetate (PMA; 50 ng/ml; Sigma-Aldrich)
and ionomycin (1 wM; Sigma-Aldrich), a CMV-specific pp65 (ppUL83)
peptide mix (10 pg/ml; Autoimmun Diagnostika), or, as a negative con-
trol, a peptide mix containing in randomly arranged order the same
amino acid residues of pp65 (10 pg/ml). PHA and PMA-ionomycin were
considered positive controls. ELISPOT assay images were acquired and
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analyzed using an automated image scanner (Aelvis). ELISPOT assay re-
sults are expressed as the number of CMV pp65-specific IFN-y spot-
forming colonies (SFCs)/200,000 PBMCs. pp65 was chosen as a stimulus
since it is considered to be among the major immunodominant antigens
encoded by CMV (19, 24, 46) and has been widely used to detect CMV-
specific T-cell responses in humans (1, 2, 7, 23, 41). In human trials, pp65
has also been shown to be a biologically relevant target to resolve and
prevent clinically relevant infections (11, 26).

All results shown are background subtracted (sample minus negative
control). Cytokine flow cytometry showed that pp65-specific IFN-y-se-
creting cells detected using the ELISPOT test corresponded to CD4 ™ and
CD8™ T cells (data not shown). All CMV IgG-seropositive patients re-
acted to the pp65 (ppUL83) peptide mix and whole inactivated CMV
antigen in the ELISPOT assay (data not shown).

Statistical analysis. The association between rejection and viremia
was calculated using Pearson’s chi-square test and 1 degree of freedom
(see Table 2). A two-tailed Mann-Whitney nonparametric test was used to
assess differences in ELISPOT levels in HTXs with or without viremia or
immunity generated after viremia (see Fig. 1 and 4C). P values of <0.05
were considered significant. The correlation between the ELISPOT assay
result and viremia (as CMV DNAemia) was investigated by the linear
regression approach. Since both of these variables (the logeli and logvir
variables) were strongly right skewed, the values were log;,, transformed.
In order to include nonviremic patients in the same model, a categorical
(binary) variable (novir; 1 in nonviremic patients, 0 in the viremic popu-
lation) was also included in the model.

RESULTS

Transplant outcome. Table 1 shows the main clinical character-
istics of the patients studied. Three HTXs died during the post-
transplant phase: two (4%) HTXs died from transplant-related
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FIG 3 Immune reconstitution of 29 HTXs followed prospectively before and after 100 days after transplant. Dotted lines show HTX IFN-y ELISPOT levels
before and after 100 days posttransplant. Arrows indicate the CMV-specific immune response of one HTX who experienced CMV disease. For the other patient

experiencing CMV disease, we did not have data from sequential time points.

sequelae and one (2%) died from other causes independent of the
transplant. Eight (17%) HTXs experienced posttransplant grade
=2R allograft rejection. This fraction is slightly higher than the
general trend (40). CMV viremia occurred in 36 (75%) HTXs, and
29 (60%) required antiviral treatment; 7 HTXs were not treated
since the CMV viremia was below the 5,000-copy/ml threshold
considered for preemptive antiviral treatment. Two (3%) HTXs
experienced symptomatic CMV infection. CMV viremia occurred
during the 100 days posttransplant in 26 (54%) HTXs, while 2
(4%) HTXs experienced viremia after 100 days posttransplant and
8 (17%) HTXs experienced viremia both before and after 100 days
posttransplant. Twelve (25%) HTXs did not experience CMV
viremia in the posttransplant phase. Of the seven patients treated
with mammalian target of rapamycin (mTOR) inhibitors, two
HTXs experienced posttransplant CMV viremia: one HTX within
100 days posttransplant and one HTX both before and after 100
days posttransplant. The results corroborate previous studies
showing that patients treated with mTOR inhibitors display a
lower incidence of CMV viremia. Table 2 shows the incidence of
rejection in respect to CMV viremia: the data show that there were
no cases of grade =2R rejection in HTXs with no detectable CMV
viremia, while CMV viremia occurred in the eight cases of grade
=2R rejection. In five HTXs with grade =2R allograft rejection,
detectable CMV viremia occurred concurrently with or preceded
allograft rejection. In three HTXs, grade =2R rejection occurred
without concurrence or history of detectable levels of CMV
viremia. A statistical analysis of the association between viremia
and rejection was not possible because there was not sufficient
statistical power.
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IFN-vy ELISPOT assay as a diagnostic tool to assess immune
reconstitution in transplants settings. In order to assess the
ELISPOT level indicating protection from CMV viremia, the
ELISPOT levels of HTXs who did not experience CMV viremia
were compared to the ELISPOT levels of HTXs who developed
CMV viremia (Fig. 1). Patients protected from CMV viremia dis-
played statistically significantly higher ELISPOT levels (median,
173 spots; range, 0 to 1,000 spots) than HTXs with the occurrence
of viremia (median, 18 spots; range, 1 to 267 spots). On the basis of
the ELISPOT levels, we arbitrarily grouped HTXs into high re-
sponders (>100 spots), midresponders (>50 to <100 spots), and
low responders (<50 spots).

Posttransplant CMV-specific T-cell immune reconstitution.
We investigated the trend of CMV-specific T-cell reconstitution
in 10 pretransplant R™ subjects (control group) and the 48 HTXs
enrolled in the study: HTXs were divided into before and after 100
days posttransplant on the basis of the timing of transplantation
(Fig. 2): the pretransplant R™ control group could be stratified as
high and midresponders with median ELISPOT levels of 267 spots
(range, 106 to 1,000 spots) and 78 spots (range, 56 to 95 spots),
respectively. In the posttransplant phase, the high-responder
HTXs displayed median ELISPOT levels of 218 spots (range, 135
to 1,000 spots) and 249 spots (range, 100 to 1,000 spots), respec-
tively, at <100 days and >100 days. The midresponders displayed
median ELISPOT levels of 61 spots (range, 52 to 91 spots) and 67
spots (range, 58 to 94 spots), respectively, at <100 days and >100
days, while the low responders displayed medians ELISPOT levels
of 23 spots (range, 0 to 49 spots) and 59 spots (range, 2 to 49
spots), respectively, at <100 days and >100 days posttransplant.

jcm.asm.org 1977

VAOQVd 1a VLISHIAINN Ag 9T0Z ‘€T Joqwardas uo /610" wse wolj:dny woiy papeojumoq


http://jcm.asm.org
http://jcm.asm.org/

Abate et al.

>

N
h
@0 oaw G-afemmnao 0 0 0

logio(Elispot score)
n

[ 95%cC.I.
Fitted values
o Observations

0

T T T
no viremia 3 4 5

10g1o(CMV DNA/mI)

5.5+

5.0+

454

4.0+

logto CMV DNAemia (copiesiml) (UJ

an 8) (8)

Early high viremia

Early low viremia Late viremia

1-60 days after transplant 61-360 days after transplant

3.0 T _I_
254
S 2.0 |
3
= —_—
8 15
5 -
]
m 1
> 1.0
o
0.5+
0.0 4 J—
& & &
& 4‘4 @4
\é\ N g
A & &
) & &
Q€ > 2
ud S S
& & &
& & &
& & &
& § B

Late time after transplant
(61-360 days)

Early time after transplant

(1-60 days)
FIG 4 CMV-specific ELISPOT levels generated after CMV viremia. CMV
viremia and ELISPOT assay values were log,, transformed. (A) Correlation
between log,;, CMV DNA viremia (logvir) and log,, ELISPOT assay score
(logeli). Hollow circles represent observations for 27 HTXs who experienced
viremia before ELISPOT determination. The discontinuity is indicated by
the X sign on the horizontal axis. The large cross in the no-viremia area indi-
cates the mean and the 95% confidence interval (C.L.) of logeli in nonviremic
patients, corresponding to a mean ELISPOT score of 116 (95% confidence
interval, 71 to 190). The continuous logeli range from 3 to 5.33 (CMV DNA
load, 1,000 to 213,492 copies/ml) is covered by the regression line and the
related 95% confidence interval (gray area). Overall significance: P = 0.0111
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As expected, low responders could be found only in the transplant
group. For 29/48 HTXs enrolled in the study, we had prospective
data from both before and after 100 days posttransplant (Fig. 3):
the data show that at <100 days posttransplant, 9/29 (31%) HTXs
were high responders, 8/29 (28%) HTXs were midresponders, and
12/29 (41%) HTX were low responders. When the same patients
were analyzed at >100 days posttransplant, 14/29 (48%) HTXs
were high responders, 9/29 (31%) HTXs were midresponders, and
6/29 (21%) HTXs were low responders. All HTXs who were high
responders at <100 days were also high responders at >100 days
posttransplant, while 4/12 HTXs who were low responders at
<100 days were still low responders at >100 days. Midresponders
appeared to be a transitory group, where HTXs later become high
responders. Two of eight HTXs who were midresponders at <100
days became low responders at >100 days posttransplant. In the
group of HTXs who acquired antiviral immune reconstitution
from low to high or mid- to high responders, no association with
previous CMV viremia episodes, magnitude, or duration and no
difference in therapeutic management or transplant conditioning
were found. The acquisition of antiviral T-cell immunity was not
associated with grade =2R rejection.

Effect of CMV viremia on immune reconstitution. In order to
assess the impact of viremia on the CMV-specific immune recon-
stitution, we investigated 27 HTXs for whom CMV viremia pre-
ceded the ELISPOT determination (Fig. 4A). The HTXs who did
not experience viremia or HTXs who experienced viremia after
ELISPOT determinations were not included in the analysis. The
data shown in Fig. 4A include all the cases of viremia occurring
before the ELISPOT assay from 1 to 360 days after transplant. The
ELISPOT values were detected after a median of 28 days (range, 6
to 90 days) after the peak viremia episode. The data show a statis-
tically significant correlation of viremia in respect to generation of
a CMV-specific T-cell response (P = 0.0111; R?> = 0.1438); in
particular, each 10-fold increase in viremia was associated with a
36% decrease of the ELISPOT level. All episodes of viremia of >4
log,, CMV copies/ml occurred during the 1 to 60 days after the
transplant. In order to avoid biases due to differences in treat-
ments and immunosuppression regimen, the effect of viremia on
immune recovery was analyzed at two distinct time points early (1
to 60 days) and late (61 to 360 days) after transplant that we arbi-
trarily defined. Early after transplant, HTXs were equally distrib-
uted among patients who experienced high or mild-low viremia,
while late after transplant, HTXs experienced only mild-low
viremia (Fig. 4B).

The data show that early after transplant there were statistically
significant differences between ELISPOT levels generated after
high and mild-low viremia. There was no statistically significant
difference between early and late phases after transplant in
ELISPOT levels preceded by mild-low viremia (Fig. 4C).

and R?* = 0.1438. (B) Box-and-whiskers plot of high (>4 log,, CMV copies/
ml) and mild-low (<4 log,, CMV copies/ml) CMV viremia during early (1 to
60) and late (61 to 360 days) times after transplant. Numbers in parentheses
display the number of patients for each group. (C) Box-and-whiskers plot of
ELISPOT levels of HTXs after high or mild-low viremia from 1 to 60 or 61 to
360 days after transplant. ELISPOT levels were determined after a median of 28
days (range, 6 to 90 days) after viremia. Data for HTXs who did not experience
viremia or HTXs who experienced viremia after ELISPOT determinations
were not included in the graphs. *, P < 0.05; NS, not significant.
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DISCUSSION

The posttransplant period is considered a critical phase when in-
fections may cause disease and have detrimental effects on the
host. In recent years, several pieces of evidence have suggested that
CMV-specific T-cell immune reconstitution may have multiple
beneficial effects, including a reduced risk of infection and lower
rates of rejection and vasculopathy; thus, assessment of immune
recovery may be an appealing strategy to predict the patients’ clin-
ical outcome and, eventually, a helpful tool to adjust the therapeu-
tic interventions.

In this study, we focused our attention on the immune recon-
stitution of a cohort of preemptively treated R™ patients com-
pared to a control cohort represented by pretransplant R™ HTXs.
Other studies on immune reconstitution focused on patients
treated with antiviral prophylaxis, including R* and R™ patients
that did not experience viremia during the prophylaxis regimen.
In the settings that we studied, we analyzed a population homo-
geneous for the preemptive antiviral treatment received and also
immunologically homogeneous since all patients exhibited preex-
isting levels of CMV-specific immunity. Thus, the major variables
that may occur during the posttransplant phase are (i) graft rejec-
tion and (ii) viremia episodes. Other authors have shown that a
rapid immune recovery was associated with a reduced incidence
of allograft rejection and vascular disease (41). In this study, the
number of cases with a reduced incidence of allograft rejection
and vascular disease did not have statistical power to prove an
association between viremia and rejection. The classification into
high, mid-, and low responders, deduced from the pattern of
CMV-specific T-cell immunity of HTXs controlling CMV versus
HTXs infected, was revealed to be useful to stratify HTX antiviral
immunological reconstitution: in particular, the data show that
high responders were a homogeneous group able to control CMV
viremia and preserve stable high antiviral immune levels during
the late posttransplant phase. High responders were present in the
pretransplant R* control group and among HTXs during the early
and late posttransplant phases. The HTXs identified as high re-
sponders early after transplant may benefit from a different anti-
viral program protocol since the immune system is autonomously
competent in controlling virus infection.

The midresponder group could be found in both the pretrans-
plant R* group and among the early and late HTXs. This group
appears to be in a dynamic and transitory phase during which
HTXs may later become high, mid-, or even low responders. This
group of patients should be carefully monitored for both CMV
viremia and T-cell immunity to assess whether the antiviral im-
mune reconstitution improves, becomes steady, or, in the worse
case, decreases. We could not find significant associations between
specific pharmacological treatments or CMV viremia and the re-
duction in antiviral immune response.

Low responders were present only among HTXs and not pre-
transplant R* controls. Low responders represented 41% and
21% of HTXs, respectively, during the early and late posttrans-
plant phases. Most of the early-phase-detected low responders will
eventually become high or midresponders during the late post-
transplant phase. Late-phase-recognized low responders repre-
sent the very critical HTXs at risk of developing late-onset CMV
infection. Despite being preemptively treated and experiencing
numerous episodes of CMV viremia, this group of patients failed
to reconstitute protective levels of antiviral immune response. A
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group of patients defined as “chronic never do well,” characterized
by numerous episodes of viral and opportunistic infections, was
already reported (34, 36) and may include the low-responder
HTXs identified to be unable to efficiently reconstitute protective
levels of antiviral immunity. The underlying reasons explaining
why low responders fail to reconstitute an adequate antiviral im-
munity are unknown, but nevertheless, their identification is crit-
ical in order to provide these patients with appropriate treatment
and closer medical attention.

We investigated if there was any association or difference in
terms of viremia or pharmacological treatments in the group of
HTXs whose antiviral immune recovery improved (low to mid-,
low to high, and mid- to high responders); however, no significant
association was found. In this report, the data show that high
CMV viremia preceded an impaired CMV-specific T-cell re-
sponse, while low or moderate viremia preceded steady or in-
creased levels of a CMV-specific T-cell response. It is important to
consider that all the high-viremia episodes occurred during the
early phase (1 to 60 days) after transplant. It is plausible to specu-
late that (i) depending on the magnitude and the timing of occur-
rence, CMV viremia may boost or depress the immune reconsti-
tution, (ii) the impaired immunity succeeding high viremia may
be a transient phase, and (iii) impaired immunity after high
viremia may depend upon low preexisting levels of immunity. In
order to fully elucidate the impact of the magnitude of CMV
viremia on immune reconstitution, a prospective longitudinal
study, analyzing at several time points, both early and late post-
transplant, the CMV immune response before and after viremia is
recommended.

Taken together, immunological and virological monitoring
provides a better prospects for accurate clinical decision making
and management of transplant patients.
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