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Background/Aims: We evaluated the usefulness in kidney transplant (KT) candi-
dates of cytomegalovirus (CMV)-specific enzyme-linked immunospot (ELISPOT)
assays for predicting the development of post-transplant CMV infections.
Methods: All adult recipients admitted for living-donor KT between March 2014
and March 2015 were prospectively enrolled except donor CMV-seropositive and
recipient seronegative (D+/R-) recipients. All the enrolled patients underwent
CMV-specific ELISPOT assays before transplant, and a researcher blinded to the
results of these assays examined the patients for CMV infection at least 6 months
post-transplant.

Results: Of 133 KT recipients, 44 (33%) developed CMV infections. When we used
the cut-off determined by receiver operator characteristic curve, 16 of the 34
patients (47%) with negative pp65-specific ELISPOT results (< 11 spots/200,000
cells) developed CMV infections, whereas 28 of the 99 patients (39%) with positive
pp65-specific ELISPOT results at baseline (= 11 spots/200,000 cells) developed CMV
infections after KT (p = 0.02). Based on the multivariable Cox regression model, neg-
ative pp65-specific ELISPOT assay results was an independent risk factor for CMV
infection (adjusted hazard ratio [AHR], 1.87; 95% confidence interval [CI], 1.01 t0 3.46; p
= 0.047) as well as age (AHR, 1.05; 95% CI, 1.01 t0 1.08; p = 0.007).

Conclusions: Pre-transplant CMV-specific ELISPOT assay appears to predict the
development of CMV infections after KT in recipients at moderate risk such as
CMV-seropositive recipients (Clinical Trial Registration Number NCT 02025335).

Keywords: Cytomegalovirus; T cell response; Enzyme-linked immunospot assay;
Interferon-gamma release tests; Kidney transplantation

INTRODUCTION

of syndromes in solid organ transplant (SOT) recipients
including allograft rejection and opportunistic infec-

Cytomegalovirus (CMV) is considered to be one of the
most important pathogens in organ transplant recipi-
ents [1,2]. As CMV has a tendency to invade the allograft
and has several indirect effects due to its ability to affect
the immune system, it is also associated with a variety
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tions [3]. Currently, testing for the donor (D) and recipi-
ent (R) CMV serostatus before SOT is recommended for
assessing the risk of CMV reactivation after SOT [2]. It is
well known that seronegative recipients (R-) of CMV-se-
ropositive allografts (D+) have the highest risk of symp-
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tomatic CMV infection after SOT, followed by D+/R+,
D—/R+, and D—/R- patients [2]. Experts recommend uni-
versal ganciclovir prophylaxis for the highest risk group
[2]. Either universal prophylaxis or preemptive ganciclo-
vir therapy based on monitoring of early CMV replica-
tion is recommended for the moderate risk groups [2]
into which more than 95% of Korean SOT candidates fall
[4]. Despite these modern advances in preventive strat-
egies, post-transplant CMV infections remains a major
problem, and the potential toxicity of the drugs used
and the cost of these drugs and of frequent monitoring
are also problematic [3]. The question has therefore been
raised as to whether the current strategy of evaluating
pre-transplant CMV-immunoglobulin G (IgG) serosta-
tus is enough for predicting the risk of CMV infection
in all transplant recipients.

In the past 20 years, it has become clear that CMV-spe-
cific immunity plays a crucial role in controlling CMV
infection [5,6]. Theoretically, a CMV-specific T-cell-
based assay before SOT would further categorize these
risk groups and might reduce CMV development in
conjunction with a customized preventive strategy. We
therefore evaluated the usefulness in kidney transplant
(KT) candidates of the CMV-specific enzyme-linked
immunospot (ELISPOT) assay for predicting the
post-transplant CMV infection.

METHODS

Study population

All patients admitted for living-donor KT's to a renal
transplant unit between March 2014 and March 2015 in
a 2,700-bed, tertiary-care hospital in Seoul, South Ko-
rea, were prospectively enrolled. Tests for CMV-IgG
were performed on the KT recipients and donors. Ex-
clusion criteria were refusal of informed consent, pe-
diatric renal transplant candidates (< 16 years old), and
CMV IgG-negative recipients with CMV IgG-positive
donors. We also excluded the pancreas transplant alone
recipients and the patients whose ELISPOT assays were
performed after induction immunosuppressive therapy
due to their weekend admission or emergency trans-
plant surgery due to deceased-donor KT. Universal oral
valganciclovir for 3 months was given only to the high-
est CMV risk group (D+/R-). CMV antigenemia assays
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were performed weekly during the first month, bi-week-
ly during the 2nd and 3rd months after KT, and then
monthly to 6 months after KT. CMV antigenemia of 50
cells per 200,000 cells was the indication for preemptive
therapy. Conventional-dose ganciclovir (5 mg/kg twice
daily) as preemptive therapy was given daily for at least
2 weeks and until patients were negative for CMV an-
tigenemia. This investigation was approved by the In-
stitutional Review Board of Asan Medical Center (IRB
approval No. 2013-1040) and is registered at Clinicaltri-
als.gov NCT 02025335 on December 16, 2013. All patients
were informed of the nature of the study, and written
informed consent was obtained before their inclusion
in the study. This study also performed in accordance
with the ethical standards laid down in the Declaration
of Helsinki and its later amendments. The company of
the assay (Lophius, Regensburg, Germany) had no role
in study design, data collection, data analysis, data inter-
pretation, or writing of the report, and did not provide
any financial support including the cost for the assay.

The CMV antigenemia assay and CMV ELISPOT assay
The CMV antigenemia assay was performed as previous-
ly described [7]. Ethylenediaminetetraacetic acid-treated
whole blood samples were fractionated by dextran sedi-
mentation and lysis of erythrocytes. The granulocytes were
then centrifuged to prepare cytospin slides. The cells were
fixed with formaldehyde, and immunostained sequen-
tially with monoclonal antibodies C10/C11 (Clonab CMYV,
Biotest, Dreieich, Germany). Counts are expressed as posi-
tive cells per 200,000 leukocytes.

A peripheral venous blood sample (approximately 8
mL) was collected from each patient for the CMV ELIS-
POT assay for T-cells producing interferon y (IFN-y;
T-track CMV, Lophius Bioscience, Regensburg, Gema-
ny). Briefly, peripheral blood mononuclear cells were
immediately (within 30 minutes) separated and collect-
ed. The collected cells were resuspended at 2.0 x 10° cells/
mlL, and placed (2.0 x 10 cells/well) in wells pre-coated
with anti-human IFN-y antibody. The samples were
stimulated with phytohemagglutinin (positive control),
pp6s5, immediate-early (IE1), or medium only (negative
control) and incubated for 18 hours. The resulting spots
were counted with an automated microscope (ELiSpot
o4 HR, Autoimmune Diagnostika GmbH, Strassberg,
Germany). Backgrounds count, obtained in negative
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control wells, were subtracted.

Assessment of outcomes

The primary outcome was the development of CMV infec-
tion, which was observed by a researcher blinded to the re-
sults of the ELISPOT. Post-transplant CMV infection was
monitored between March 2014 and September 2015 to
obtain at least 6 months of follow-up data on all patients
enrolled. Patients with CMV antigenemia or CMV dis-
ease were considered to have a CMV infection [2,8]. CMV
antigenemia was defined as CMV antigenemia identi-
fied by pp65 antigenemia, and CMV disease was defined
as CMV syndrome or tissue-invasive CMV disease. CMV
syndrome was defined as CMV antigenemia and at least
one of the following: fever > 38°C; new onset severe mal-
aise; leukopenia in two successive measurements (white
blood cell count of < 3,500 cells/mm3). Tissue-invasive
CMV was defined as evidence of localized CMV infec-
tion (cells with CMV inclusions, in situ detection of CMV
antigen by immunohistochemistry, or DNA) in a biop-
sy or other appropriate specimen (e.g., bronchoalveo-
lar lavage, cerebrospinal fluid) and symptoms of organ
dysfunction. Secondary outcome included significant
CMYV antigenemia (= 50 cells/200,000 cells) which was
the target for preemptive therapy in our institution, or
tissue-invasive CMV disease.

Statistical analysis

The primary goal of the study was to test the hypothesis that
post-KT patients who were ELISPOT-negative developed
CMV infection more frequently than those that were ELIS-
POT-positive patients (comparator). Assuming a 39%
negative ELISPOT result in the KT patients, as extrap-
olated from our previous proof-of-concept study aimed
at obtaining the information needed to calculate sample
size [9], we calculated statistical power based on an esti-
mated 50% CMYV infection rate in the ELISPOT-nega-
tive (IEx1-specific) patients and 30% CMV infection in the
comparator. We concluded that, with type I error of 0.05,
a sample size = 192 was needed for 80% statistical pow-
er to detect a difference between the ELISPOT-negative
group and the comparator.

For each of the tests used to predict CMV infection,
namely the pp6s- and IE1-specific ELISPOT assays, we
examined receiver operator characteristic (ROC) curves
plotting sensitivity against the rate of false-positive re-
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sults over a range of cut-off values [10]. We chose the
optimal cut-off value as the point on each ROC curve
farthest from the diagonal line that maximized the sum
of sensitivity and specificity. Diagnostic performance
was expressed in terms of sensitivity, specificity, positive
predictive value, and negative predictive value. Categor-
ical variables were compared using Pearson chi-square
tests or Fisher exact test, as appropriate. Continuous
variables were presented as mean + SD, and were com-
pared using the Mann-Whitney U test. All tests of sig-
nificance were two-tailed and a p value of less than o.05
was considered to indicate statistical significance. The
time-to-event analyses for incidence of CMV infection
were performed using Kaplan-Meier estimates and the
log-rank test. Multivariable analyses for risk factors for
CMV infection were performed using Cox proportional
hazard regression models. Calculations were performed
using SPSS for Windows software package version 21.0
(IBM Co., Armonk, NY, USA), MedCalc software (Med-
Calc, Mariakerke, Belgium), and PASS (NCSS Statistical
Software S, Kaysville, UT, USA) and figures were created
with GraphPad Prism version 5.01 for Windows (Graph-
Pad Software, San Diego, CA, USA).

RESULTS

Patient characteristics

Fig. 1is a flow chart of the study. Of a total 0f 367 patients,
177 were excluded: 160 refused informed consent, six were
pediatric patients, three were D+/R—, and eight pancreas
transplant alone recipients. Of remaining 190 patients, 57
(16%) whose ELISPOT assays were performed after induc-
tion immunosuppressive therapy were excluded in the
final analysis. The remaining 133 patients were finally
analyzed. All these 133 patients received living-donor KT.

Development of CMV infections

Of the 133 patients, 44 (33%) developed CMV infections
(Table 1). Baseline clinical characteristics between those
with CMV infections and those without CMV infec-
tions, which were comparable except for age, are shown
in Table 1. The development of CMV inféection was sig-
nificantly more common in elderly recipients (51 + 11 vs.
45 £ 10, p = 0.005) than in the young. Of the 44 patients
with CMV infections, nine (20%) had significant levels
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16 CMV infection (47%) including
2 CMV disease (6%)

28 CMV infection (39%) including
4 CMV disease (4%)

24 CMV infection (40%) including
3 CMV disease (5%)

20 CMV infection (27%) including

3 CMV disease (4%)

Figure 1. Flow chart of the study according to (A) pp65-specific enzyme-linked immunospot (ELISPOT) result, (B) immedi-
ate-early (IE1)-specific ELISPOT results. LDKT, living-donor kidney transplant; DDKT, deceased-donor kidney transplant;
CMYV, cytomegalovirus.

Table 1. Baseline characteristics of the patients included in the study

Patient characteristic Total CMV infection =~ No CMYV infection ol
(n=133) (n=44) (n=289)
Age, yr 47+11 5111 45+ 10 0.005
Male sex 84 (63) 25 (57) 59 (66) 034
Primary reason for transplant 033
Glomerulonephritis 40 (30) 9 (21) 31 (35)
Hypertension 11 (8) 3(7) 8(9)
Diabetes mellitus 19 (14) 8(18) 11 (12)
Unknown 49 (37) 20 (46) 29 (33)
Polycystic kidney disease 3(2) o 3(3)
Others 11(8) 4(9) 7(8)
ABO-mismatch transplantation 41 (31) 16 (36) 25 (28) 0.43
Primary transplant induction therapy at transplant 0.58
Anti-IL-2 receptor antibodies 125 (94) 42 (96) 83(93)
Cyclosporine including regimen® 2(2) 1(2) 1(2)
Tacrolimus including regimen® 6 (5) 1(2) 5(6)
Pretransplant rituximab 49 (37) 20 (46) 29 (33) 0.18
CMV serostatus 0.18
Donor (+)/Recipient (+) 124 (93) 43 (98) 81(91)
Recipient (+) (donor serology unknown) 3(2) 1(2) 2(2)
Donor (-)/Recipient (+) 5(4) o 5(6)
Donor (-)/Recipient (-) 1(2) 1(2)

Values are presented as mean + SD or number (%).
CMYV, cytomegalovirus; IL-2, interleukin 2.
?Other drugs in regimen include mycophenolate and steroid.
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of CMV antigenemia (> 50 CMV-positive cells/200,000
cells, which was the threshold for ganciclovir preemp-
tive therapy in our hospital). Of these nine patients, four
who had tissue-invasive CMV diseases (all had CMV
gastritis) and four without tissue-invasive CMV disease
received ganciclovir therapy. The remaining one pa-
tients with > 50 CMV antigenemia who did not receive
ganciclovir preemptive therapy due to their outpatient
schedule recovered spontaneously without any com-
plications. On the other hand, two of 35 patients with <
50 CMV antigenemia had tissue-invasive CMV diseases
(one gastritis and one retinitis). Among six patients with

The Korean Journal of Internal Medicine Vol. 35, No. 2, March 2020

tissue-invasive CMV diseases, mean age was 49 years old
(49 + 14). Of these six patients, one received ABO-mis-
matched KT and pre-transplant rituximab therapy. Se-
rostatus of these six patients were D+/R+. Most episodes
of CMV infection occurred during the first 3 months af-
ter transplant (median 55 days [interquartile range, 27 to
76] after transplant).

CMV ELISPOT results and development of CMV infection
A total of 133 transplant recipients underwents CMV-spe-
cific ELISPOT assays before induction immunosuppres-
sive therapy such as anti-interleukin 2 (IL-2) receptor anti-

Table 2. Comparison of characteristics between the patients with negative CMV-specific ELISPOT results and with positive

CMV-specific ELISPOT results

pp65-specific ELISPOT results

IE1-specific ELISPOT results

Patient characteristic Negative Positive Negative Positive
pvalue pvalue
(n=34) (n=99) (n =60) (n=73)
Age, yr 49 £10 47 £ 11 0.24 46 12 48 £ 10 0.53
Male sex 23 (68) 61 (62) 0.68 41(68) 43 (59) 0.96
Primary reason for transplant 0.88 0.88

Glomerulonephritis 8(24) 32(32) 20 (33) 20 (27)

Hypertension 3(9) 8(8) 6 (10) 5(7)

Diabetes mellitus 5(15) 14 (14) 9 (15) 10 (14)

Unknown 15 (44) 34 (34) 19 (32) 30(42)

Polycystic kidney disease 1(3) 2(2) 1(2) 2(3)

Others 2(6) 9(9) 5(8) 6(8)
ABO-mismatch transplant 5 (15) 36 (36) 0.02 19 (32) 22 (30) 0.85
Primary transplant induction therapy at 0.65 0.83

transplant

Anti-IL-2 receptor antibodies 32(94) 93 (94) 57(95) 68 (93)

Cyclosporine including regimen® 1(3) 1(1) 1(2) 1(2)

Tacrolimus including regimen® 1(3) 5(5) 2(3) 4(6)
Pretransplant rituximab 8(24) 41 (41) 0.07 21 (35) 28(39) 0.72
CMV serostatus 0.26 0.25

Donor (+)/Recipient (+) 32(94) 92(93) 56 (93) 68(93)

Recipient (+) (donor serology unknown) o 3(3) o 3(4)

Donor (-)/Recipient (+) 1(3) (4) 3(5) 2(3)

Donor (-)/Recipient (-) 1(3) 1(2)

Significant levels of CMV antigenemia 3(19) 6 (21) 0.99 3(13) 6(30) 0.26

(>50 CMV-positive cells/200,000cells)

Values are presented as mean + SD or number (%).

CMYV, cytomegalovirus; ELISPOT, enzyme-linked immunospot; IE1, immediate-early; IL-2, interleukin 2.

?Other drugs in regimen include mycophenolate and steroid.
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bodies or anti-thymocyte globulin.

On the basis of the ROC curve obtained for pp65-specif-
ic ELISPOT assay, we determined the optimal cut-off for
the ELISPOT assay of = 11 spots. The comparison of char-
acteristics between the patients with negative pp6s5-spe-
cific ELISPOT results and with positive pp6s-specific
ELISPOT results are shown in Table 2. When we used
this cut-oft for pp6s-specific ELISPOT, 28 of the 99 pa-
tients (39%) with positive pp65-specific ELISPOT results
at baseline (= 11 spots/200,000 cells) developed CMV
infections, and 16 of the 34 patients (47%) with negative
pp65-specific ELISPOT results developed CMV infections
(b = 0.02). The sensitivity, specificity, positive predictive
value, and negative predictive value of the pp6s-specific
ELISPOT for predicting CMV infection were 36% (95%
confidence interval [CI], 22% to 52%), 80% (95% CI, 70% to
88%), 47% (95% CI, 33% to 61%), and 72% (95% CI, 66% to
76%), respectively. In addition, on the basis of the ROC

KJIM™

curve obtained for IEi-specific ELISPOT assay, we de-
termined the optimal cut-off for the ELISPOT assay of =
2 spots. The comparison of characteristics between the
patients with negative CMV-specific ELISPOT results
and with positive CMV-specific ELISPOT results are
also shown in Table 2. When we used this cut-oft for
IE1-specific ELISPOT, 20 of the 73 patients (27%) with
positive IE1-specific ELISPOT results (= 2 spots/200,000
cells) at baseline developed CMV infection, and 24 of the
60 patients (40%) with negative IE1-specific ELISPOT
results developed CMV infections (p = 0.11). The sensi-
tivity, specificity, positive predictive value, and negative
predictive value of the IEx1-specific ELISPOT for predict-
ing CMV infection were 55% (95% CI, 39% to 70%), 60%
(95% CI, 49% to 70%), 40% (95% CI, 32% to 49%), and
73% (95% CI, 65% to 79%), respectively. Table 3 shows the
diagnostic performance of the various cut-off values for
the pp6s-specific ELISPOT and the IE1-specific ELIS-

Table 3. Diagnostic performance of pp65 and IE1 specific ELISPOT assay for prediction of CMV infection

CMV infection rates Sensitivity and specificity, %
Variable No. of patients (%) No. of CMV pvalue (95% CI) ,
infection cases (%)
KT recipients who underwent ELISPOT 133 44 (33)
before transplant (n = 133)
pp65-specific ELISPOT
Negative ELISPOT results (< 11)° 34 (26) 16 (47) 0.06 Sensitivity 36 (22—52)
Positive ELISPOT results (= 11)° 99 (74) 28 (28) Specificity 8o (70-88)
IE1-specific ELISPOT
Negative ELISPOT results (< 2)° 60 (45) 24 (40) 0.14 Sensitivity 55 (39—70)
Positive ELISPOT results (= 2)° 73 (55) 20 (27) Specificity 60 (49—70)
IE1-specific ELISPOT results (< o) 43 (32) 18 (42) 0.17 Sensitivity 41 (26-57)
IE1-specific ELISPOT results (> 0)° 90 (68) 26 (29) Specificity 72 (61-81)
Combined pp6s-specific ELISPOT results
with IE1-specific ELISPOT result
IF1 < 2° or pp65 < 11° 73 (55) 28 (38) 0.20 Sensitivity 64 (48—78)
IE = 2° and pp65 = 11° 60 (45) 16 (27) Specificity 49 (39—60)
IF1 < 2° and pp65 < 11° 21 (16) 12 (57) 0.02 Sensitivity 27 (15—43)
IE = 2° or pp65 = 11° 112 (84) 32(29) Specificity 9o (82—95)

IE1, immediate-early; ELISPOT, enzyme-linked immunospot; CMYV, cytomegalovirus; CI, confidence interval; KT, kidney

transplant.

YELISPOT results are expressed as number of spots/2.0 x 10° peripheral blood mononuclear cells.

"The optimal cut-off point were determined by estimating the maximum Youden’s index (). J is the vertical distance between
the receiver operating characteristics (ROC) curves and the diagonal or chance line.

“This cut-off point was derived from our previous proof-of-concept study; it was also determined by using ROC curves, and the

cut-off of pp65 was > 10 in the previous study.
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Figure 2. Cumulative incidence of cytomegalovirus (CMV) infection after transplant, according to (A) pp65-specific en-
zyme-linked immunospot (ELISPOT) result, (B) immediate-early (IE1)-specific ELISPOT results in total study population (n =
133). The p value comparing two groups were calculated using the log-rank test.

POT. Fig. 2 shows the cumulative incidence of CMV
infection after transplant according to CMV-specific
ELISPOT results.

For prediction of significant CMV antigenemia or
tissue-invasive CMV disease, neither pp6s-specific nor
[E1-specifc ELISPOT was diagnostic (data are shown in
Supplementary Table 1). In multivariable analysis, neg-
ative pp6s-specific ELISPOT assay results was an inde-
pendent risk factor for CMV infection (adjusted hazard
ratio [AHR], 1.87; 95% CI, 1.01 t0 3.46; p = 0.047) as well as
age (AHR, 1.05; 95% CI, 1.01 to 1.08; p = 0.007) (Supple-
mentary Table 2).

DISCUSSION

Establishing a novel diagnostic test that accurately pre-
dicts post-transplant CMV risk in SOT recipients is a
critical and unfulfilled need. Prophylactic and pre-
emptive strategies in at-risk SOT recipients based on
pre-transplant donor and recipient CMV IgG serostatus
are cornerstones of CMV prevention [2]. Despite these
measures, CMV viremia and disease are common and
problematic. In addition, because of the high frequency
of CMV seropositivity (> 95%) of Korean adults [4], most
Korean SOT recipients are classified as at moderate risk
of CMV infection. In our previous study, post-trans-
plant CMV disease occurred in 5% of such KT recipients
at moderate risk of CMV infection, despite of CMV an-
tigenemia-based preemptive therapy [11]. In this clinical
situation, a further risk stratification strategy is essen-
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tial if we wish to reduce CMV development after SOT.
We have therefore evaluated the use of the commercial
CMV-specific ELISPOT assay for measuring INF-y re-
lease as a marker of protection against CMV infection
in KT recipients. We found meaningful association be-
tween a negative CMV-specific ELISPOT assay response
and the risk of developing post-transplant CMV infec-
tion in living-donor KT recipients with moderate risk.
Because CMYV specific cell-mediated immunity (CMI)
is critical for controlling CMV replication [12], a variety
of assays have been developed for measuring the CMI.
Several methods rely on measurements of T-cell-secret-
ed cytokines or the T-cell phenotypes (i.e., INF-y, tumor
necrosis factor o, IL-2, CD107a, programmed cell death
protein 1) following antigen stimulation. Other meth-
ods, such as tetramer assays, are based on direct detec-
tion of antigen-specific T-cells or on cell proliferation
assays [13-16]. Many studies have used staining of in-
tracellular cytokines (ICS) and flow cytometry to assess
CMV-specific CMI because ICS allows T-cell pheno-
typic characterization via cell surface markers as well as
the enumeration of CMV-specific T-cells and has been
shown to be useful for predicting post-transplant CMV
risk after SOT [17-24]. In contrast, Eid et al. [25] found no
significant association between CMV-specific CD4+ and
CD8+ T cells and CMV DNAemia. Due to its labor-in-
tensive character and the lack of technical standardiza-
tion or protective cut-oft values, as well as the need for
a flow cytometer, ICS has been limited in clinical use to
highly specialized laboratories. The number of reports
proposing IFN-y releasing assays (IGRAs) as the diag-
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nostic standard for detecting CMI is growing [6,26-32].
As in the case of IGRAs for tuberculosis, two commer-
cial IGRAs for CMI are currently available in the market
on the time of this writing; one is the enzyme-linked
immunosorbent assay (ELISA)-based quantiferon-CMV
(Cellestis, Valencia, CA, USA) and the other, the ELIS-
POT-based T-track CMV (Lophius). Numerous studies
using Quantiferon-CMV have been reported in SOT
recipients [28-30,32-36]. However, the ELISA-based assay
is less sensitive than the ELISPOT-based assay [37]. The-
oretically, ELISPOT-based assay could be more useful
in immunocompromised patients than ELISA-based
assays. Despite this, there are a few studies addressing
the utility of (in-house) ELISPOT assays for predicting
CMYV infection after SOT. To date, the data using IGRAs
have been inconsistent and mostly limited by the small
scale of the studies (Supplementary Table 3) [26-30,32-
36,38-43)-

To the best of our knowledge, there are no published
data on the use of the commercially available ELISPOT
assay. Despite failure to include an adequate number of
patients based on the results of'a proof-of-concept study
after exclusion of the patients who received induction
immunosuppressive therapy before ELISPOT assay [9],
the result revealed that negative CMV-specific ELISPOT
was significantly associated with the development of
CMV infection. We assumed that induction immuno-
suppressive therapy might have affected the results of
ELISPOT assays and the inclusion of the patients where
ELISPOT assays were performed after the transplant
could dilute the results by leading to a bias towards the
null hypothesis. We hypothesize that we may optimize
the ability of pre-transplant ELISPOT assay for predict-
ing CMV infection by including patients where ELIS-
POT assays were performed before the transplant only,
a less biased population. In addition, the multivariate
analysis showed that age was the risk factor for develop-
ment of post-transplant CMV infection, as well as nega-
tive pre-transplant pp6s-specific ELISPOT assay results.
This finding is consistent with an increasing CMV in-
fection in elderly population [44-46]. More studies will
be needed to confirm the observation.

Our study has some limitations. First, it was per-
formed in a region with a high level of CMV seropositiv-
ity. Therefore, the findings may not be generalizable to
other settings. However, the study population like our
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setting has a relatively homogenous risk for post-trans-
plant CMYV infection based on CMYV serology, in which
the further risk prediction strategy is most required. Sec-
ond, although both pp6s5 and IE1 are considered domi-
nant T-cell targets for CMV infection [9], it is not clear
which measurements of the various target antigens op-
timally reflect the protective T-cell response in CMV in-
fections. Furthermore, the ELISPOT focused on a single
cytokine output (IFN-y) may not fully reflect the protec-
tive CMV CML. Recently, Snyder et al. [24] demonstrated
that a specific T-cell polyfunctional response to CMV
antigen stimulation provided a more reliable prediction
of subsequent CMV risk than an assay that measured a
single cytokine response. Hence, studies are needed of
other target antigens such as IE2, ppso or ppis0, other
platform technologies for producing the antigens, such
as overlapping peptides or CMV cell lysates, and oth-
er diagnostic methods, such as fluorescence-activated
cell sorting-based ICS staining are needed. Third, we
measured CMI at a single time point in the pre-trans-
plant period. CMI is not static, and the abrupt change
(i.e., steep decline) of CMV CMI following intense im-
munosuppression immediately after transplant may
have more impact on the development of CMV infec-
tion than any pre-transplant CMV CMI value at a single
time point [35], as indeed has been described in studies
of BK virus CMI [47] and varicella-zoster virus CMI [48].
Future studies monitoring CMI dynamic longitudinally
in various populations are warranted. Lastly, we did not
perform quantitative real-time blood CMV polymerase
chain reaction (PCR), which is considered more sensi-
tive than the CMV antigenemia assay [49], and has been
the gold standard test for CMV infection [50]. Some ar-
gue that CMV PCR would be more sensitive than CMV
antigenemia assay. However, in the light of previous
studies [11,51], it is likely that the use of PCR as a surveil-
lance tool would not have yielded very different results.
In conclusion, pre-transplant CMV-specific ELISPOT
assay in the living-donor KT appears to predict the de-
velopment of CMV infections after KT in recipients at
moderate risk. Further studies are necessary to confirm
our findings and future studies of various other target
antigens or antigen producing technologies, and other
assays to measure CMV-specific CMI are also needed.
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KEY MESSAGE

1. Despite the current strategies of post-transplant
cytomegalovirus (CMV) prevention, based on
pre-transplant donor and recipient CMV immu-
noglobulin G serostatus, post-transplant CMV
infections remain a major problem.

2. Establishing a novel diagnostic test that accu-
rately predicts post-transplant CMV risk in sol-
id organ transplant recipients is a critical and
unfulfilled need; therefore, we evaluated the
usefulness of the commercial CMV-specific en-
zyme-linked immunospot (ELISPOT) assay in
kidney transplant (KT) candidates for predict-
ing the post-transplant CMV infection.

3. We found meaningful association between a
negative CMV-specific ELISPOT assay response
and the risk of developing post-transplant CMV
infection in KT recipients with moderate risk.
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Supplementary Table 1. Diagnostic performance of pp65 and IE1 specific ELISPOT assay for prediction of significant CMV

antigenemia or tissue-invasive CMV disease

CMV infection rates

Variable* No. of CMV pvalue

Sensitivity and specificity, %

No. of patients (%) o (95% CI)
KT recipients who underwent ELISPOT 133 11(8)
before transplant (n = 133)
pp65-specific ELISPOT
Negative ELISPOT results (< 5)° 26 (20) 4(15) 0.22 Sensitivity 36 (11~69)
Positive ELISPOT results (> 5)° 107 (81) 7(7) Specificity 82 (74-88)
IE1-specific ELISPOT
Negative ELISPOT results (< 6)° 94 (72) 9 (10) 0.51 Sensitivity 82 (48—98)
Positive ELISPOT results (> 6)° 39 (29) 2(5) Specificity 30 (22-39)

ELISPOT, enzyme-linked immunospot; CMV, cytomegalovirus; CI, confidence interval; KT, kidney transplant.

YELISPOT results are expressed as number of spots/2.0 x 10° peripheral blood mononuclear cells.

"The optimal cut-off point were determined by estimating the maximum Youden’s index (). J is the vertical distance between
the receiver operating characteristics (ROC) curves and the diagonal or chance line.
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Supplementary Table 2. Multivariable Cox proportional hazard regression model for risk factors of cytomegalovirus infection

Variable Unadjusted HR (95% CI)  pvalue  Adjusted HR(95% CI)  pvalue

KT recipients who underwent ELISPOT before
transplant (n = 133)

Age 1.05 (1.02-1.08) 0.004 1.05 (1.01-1.08) 0.007
Negative pp65-specific ELISPOT results (< 11) 2.04 (1.11-3.78) 0.02 1.87 (1.01-3.40) 0.047
Negative IE1-specific ELISPOT results (< 2) 0.62 (0.34-1.13) 0.12
Pretransplant rituximab 0.78 (0.58-1.05) 0.09

HR, hazard ratio; CI, confidence interval; KT, kidney transplant; ELISPOT, enzyme-linked immunospot.
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