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Background. Cytomegalovirus (CMV) infection is a common opportunistic infection after allogeneic hematopoietic cell 
transplant (alloHCT). We explored whether a change in CMV cell-mediated immunity during the first month after transplant 
predicts the risk of development of CMV infection and all-cause mortality.

Methods. This follow-up analysis is based on data from the REACT study, a multicenter prospective observational study of 
recipients of alloHCT who were CMV-seropositive. Production of interferon γ following ex vivo stimulation with CMV antigens 
IE1 (immediate early 1) and pp65 (phosphoprotein 65) was assessed by CMV ELISPOT assay at baseline and 2 and 4 weeks after 
transplant. Clinically significant CMV infection (CS-CMVi) was defined as CMV viremia and/or disease necessitating antiviral 
therapy. We evaluated the impact of CMV CMI changes on the risk of CS-CMVi and post transplant mortality.

Results. The analysis included 226 recipients of alloHCT with CMV cell-mediated immunity data at baseline and 2 and/or 4 
weeks after transplant. CS-CMVi occurred in 64 patients (28%). On Cox regression analyses, independent predictors of CS- 
CMVi included a negative Δ change from baseline to week 2 of pp65 spot counts (hazard ratio, 3.65 [95% CI, 1.65–8.04]; P  
= .001) to week 4 of IE1 spot counts (hazard ratio, 2.79 [95% CI, 1.46–5.35]; P = .002), anti-thymocyte globulin conditioning 
regimen, type of transplant, female sex, and corticosteroid use. Kaplan-Meir analysis showed a significant association of a 
negative IE1 change from baseline to week 4 and increased all-cause mortality after transplant (log rank test = 0.041).

Conclusions. A decrease in CMV-specific T-cell responses during the first month after transplant may predict CS-CMVi and is 
associated with all-cause mortality in recipients of alloHCT.
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Cytomegalovirus (CMV) infection is one of the most common 
infectious complications affecting recipients of allogeneic he-
matopoietic cell transplant (alloHCT) [1]. Control of CMV 
replication relies on cell-mediated immunity (CMI), especially 
CMV-specific CD4+ T-cell response, which precedes the devel-
opment of CMV-specific antibodies and cytotoxic CD8+ T cells 
for control of viral replication [2, 3].

CD4+ and CD8+ T cells are implicated in controlling latent 
CMV infection through a complex interaction involving a 
CD8+ T-cell response producing interferon γ, interferon α, and 
a host of other cytokines in response to the presence of CMV. 
Measuring CMV CMI may be a useful tool to predict the risk 
of CMV infection or disease [4]. The routine use of CMV CMI 
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assays is hindered by (1) limited access to commercially available 
assays, (2) lack of standardization across platforms (eg, enzyme- 
linked immunospot [ELISPOT] assays and enzyme-linked 
immunoassays), and (3) remaining questions related to the utility 
of information from CMV CMI assays in relation to posttrans-
plant outcomes [5]. CMV ELISPOT assays assess CMV CMI by 
measuring the release of interferon γ by CD4+ and CD8+ T cells 
in vitro from isolated peripheral blood mononuclear cells [6]. 
Evaluation of the clinical utility of CMV ELISPOT assays showed 
promising results for predicting CMV infections in recipients of 
alloHCT and solid organ transplant [7–10].

We previously reported that among recipients of alloHCT who 
were CMV-seropositive and enrolled in a prospective observa-
tional study, low CMV CMI within the first 6 months after trans-
plant (as measured by a CMV ELISPOT assay) was associated 
with an increased risk of clinically significant CMV infection 
(CS-CMVi) [9]. Furthermore, we noted that among patients 
with low CMV CMI, the mortality rate within 6 months post-
transplant was significantly higher among those who did experi-
ence CS-CMVi than among those who did not (37% vs 12%) [9]. 
In the present analysis, we explored the relationships between the 
Δ changes in CMV CMI from baseline (before transplant) to spe-
cific time points during the first month after transplant and the 
occurrence of CS-CMVi as well as all-cause mortality.

METHODS

Study Design

This post hoc analysis was based on data from the REACT 
study [9], a multicenter prospective observational trial con-
ducted at 13 transplant centers in the United States, Canada, 
and Europe to determine the performance of a CMV 
ELISPOT assay in predicting immune competence against 
CMV reactivation after alloHCT. Full details of the trial design 
and the study population were previously published [9]. Briefly, 
all enrolled patients underwent an alloHCT from matched or 
haploidentical related donors or from matched or mismatched 
unrelated donors. Pediatric patients (<18 years) were excluded. 
Enrolled patients provided a blood sample within 14 days prior 
to alloHCT (baseline), at days 14 and 28, and then every 2 
weeks for up to 6 months after transplant. At each time point, 
CMV ELISPOT assay and a central laboratory measurement of 
CMV viral load by polymerase chain reaction were performed 
through the Roche Cobas platform (lower limit of detection, 
137 IU/mL). CMV reactivation and CMV disease were defined 
per Ljungman et al [11]. The primary end point was detection 
of the first CS-CMVi, defined as the first CMV reactivation or 
CMV disease after hematopoietic cell transplant (HCT) neces-
sitating the start of anti-CMV therapy by each center’s institu-
tional protocols [12]. CS-CMVi was assessed subsequent to 
each time point. All-cause mortality was an exploratory end 
point. For all the analysis evaluating the impact of CMV CMI 

after week 2 or 4, CS-CMV infection and mortality that oc-
curred after those time points were included in the analysis. 
CMV ELISPOT assay was performed in accordance with vali-
dated test procedures, which are described in the report of 
the REACT study [9]. None of the patients received primary 
prophylaxis for CMV.

In the REACT study, CMV CMI (CMV-specific T-cell activ-
ity) was assessed by determining the production of interferon γ 
following ex vivo stimulation with 2 CMV antigens: immediate 
early 1 (IE1) and phosphoprotein 65 (pp65). Results were re-
ported in spot counts (SPCs) per 250 000 cells for IE1 and 
pp65. When the nil control SPCs were <10 per 250 000 cells, 
they were subtracted from the SPCs obtained for IE1 and 
pp65. For the current analysis, SPCs were categorized as low 
if they were ≤100 per 250 000 cells and high if >100 per 250  
000 cells, according to our previous results [9]. Changes in 
SPCs for IE1 and pp65 between baseline and 2 and 4 weeks 
after transplant were categorized as a positive Δ change if 
the week 2 or 4 count was greater than or equal to the baseline 
count, and negative Δ change if the week 2 or 4 count was less 
than the baseline count. In addition to CMV CMI results, 
data obtained from medical records included patient demo-
graphics, medical history, relevant transplant-related data, 
corticosteroid use for other than premedication purposes, 
and laboratory results (including CMV polymerase chain re-
action results).

Patient Consent Statement

The protocol was approved by the institutional review board of 
each site, and all patients signed an informed consent form.

Statistical Analysis

Categorical variables were compared with chi-square or Fisher 
exact test. Continuous variables were compared through the 
Wilcoxon rank sum test. Cox proportional hazards models 
were used to identify factors independently associated with 
CS-CMVi development and to evaluate the impact of CMV 
CMI change from baseline to posttransplant on the risk 
of CS-CMVi development and mortality. For analyses of the 
impact of CMV CMI on the risk of development of 
CS-CMVi, separate models were used for week 2 and 4 analy-
ses. Correlations between IE1 and pp65 changes were evaluated 
via Spearman rank-order correlation analysis. Survival curves 
of the same patients were estimated by the Kaplan-Meier meth-
od and compared with the log-rank test. All tests were 2-sided 
with a significance level of 0.05. Statistical analyses were per-
formed with SAS version 9.4 (SAS Institute).

RESULTS

This multicenter study followed 241 recipients of alloHCT who 
were CMV-seropositive. After 2 recipients of blood cord 
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transplant were excluded, 226 patients had results for CMV 
CMI at baseline and at 2 and/or 4 weeks after transplant and 
were included in these analyses. The clinical and demographic 
characteristics of the 226 patients are summarized in Table 1. 
Sixty-four patients (28%) had a CS-CMVi during the 6-month 
follow-up period. Of these 64 patients, 10 (15%) had CMV end 
organ disease. Most cases of CS-CMVi (57/64) occurred within 
the first 75 days after HCT (median, 36; IQR, 30–57). Patients 
with and without CS-CMVi differed in terms of demographic 

and clinical characteristics, including female sex, receipt of 
anti-thymocyte globulin (ATG), acute graft-vs-host disease, 
and corticosteroid use, which were significantly more common 
in patients with CS-CMVi.

CMV CMI at Specific Time Points and CS-CMVi Risk

For the Cox regression analyses of the impact of CMV CMI at 
specific time points on CS-CMVi risk, 2 models were construct-
ed: 1 for baseline and week 2 and 1 for baseline and week 4. In 
both models, low pp65 SPCs at week 4 were associated with an 
increased risk for CS-CMVi (adjusted hazard ratio, 2.57 [95% 
CI, 1.11–5.94]; P = .028). IE1 SPCs at any time point were not 
predictive of CS-CMVi (Supplementary Table 1).

Changes in CMV CMI and CS-CMVi Risk

To determine the effect of Δ changes in CMV CMI on the risk 
for CS-CMVi, changes were analyzed separately for each antigen 
(pp65 and IE1) from baseline to week 2 and baseline to week 4 
and then correlated with CS-CMVi. Data were available for 

Table 1. Demographic and Clinical Characteristics of the Study 
Participants (N = 226)

Median (Range) or No. (%)

Characteristic
CS-CMVi  
(n = 64)

No 
CS-CMVi  
(n = 162) P Value

Age, y 58 (18–80) 56 (22–78) .91

Sex .008

Male 27 (42) 100 (62)

Female 37 (58) 62 (38)

Race 61 145 .044

White 42 (69) 123 (85)

African American 6 (10) 8 (6)

Asian 6 (10) 9 (6)

Other 7 (11) 5 (3)

Unknown 3 17

Type of transplant 63 160 .021

Matched related donor 15 (24) 69 (43)

Matched or mismatched 
unrelated donor

38 (60) 67 (42)

Haploidentical 10 (16) 24 (15)

Unknown 1 2

HCT donor status 63 153 .66

CMV positive 35 (56) 90 (59)

CMV negative 28 (44) 63 (41)

Unknown 1 9

Anti-thymocyte globulin 21 (33) 25 (15) .004

Posttransplant cyclophosphamide 12 (19) 33 (20) .78

Total body irradiation 2 (3) 15 (9) .16

Conditioning regimen 63 154 .91

Myeloablative 30 (48) 72 (47)

Nonmyeloablative 33 (52) 82 (53)

Unknown 1 8

Time from HCT to  
engraftment d

13 (3–42) 14 (0–42) .97

At any time during the study 
period

Corticosteroid use 62 (97) 113 (70) <.0001

Acute GVHD 40 (63) 73 (45) .018

CMV disease 10 (16)

CMV viral load by PCR, IU/mLa 1628  
(323–26 364)

All-cause mortality 16 (25) 20 (12) .019

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: CMI, cell-mediated immunity; CMV, cytomegalovirus; CS-CMVi, clinically 
significant CMV infection; GVHD, graft-vs-host disease; HCT, hematopoietic cell 
transplant; PCR, polymerase chain reaction.  
aCMV PCR is provided for all patients who experienced CMV viremia (n = 62).

Table 2. Changes in CMV CMI and Risk for CS-CMVi

No. (%)

CMV CMI
CS-CMVi  
(n = 64)

No CS-CMVi  
(n = 162) P Value

SPC/250 000 cells

IE1 at week 2 (n = 192) 56 136 .76

>100 3 (5) 10 (7)

≤100 53 (95) 126 (93)

pp65 at week 2 (n = 192) 56 136 .016

>100 2 (4) 22 (16)

≤100 54 (96) 114 (84)

IE1 at week 4 (n = 190) 47 143 .09

>100 3 (6) 23 (16)

≤100 44 (94) 120 (84)

pp65 at week 4 (n = 190) 47 143 .11

>100 8 (17) 41 (29)

≤100 39 (83) 102 (71)

Δ changea

IE1, baseline to week 2 (n = 152) 43 109 .0005

Positive 13 (30) 67 (61)

Negative 30 (70) 42 (39)

pp65, baseline to week 2 (n = 152) 43 109

Positive 9 (21) 60 (55) .0001

Negative 34 (79) 49 (45)

IE1, baseline to week 4 (n = 154) 40 114

Positive 15 (38) 76 (67) .001

Negative 25 (63) 38 (33)

pp65, baseline to week 4 (n = 154) 40 114

Positive 14 (35) 70 (61) .004

Negative 26 (65) 44 (39)

Abbreviations: CMV CMI, cytomegalovirus cell-mediated immunity; CS-CMVi, clinically 
significant cytomegalovirus infection; IE1, immediate early 1; pp65, phosphoprotein 65; 
SPC, spot count.  
aΔ change was considered positive if the week 2 or 4 count was greater than or equal to the 
baseline count and negative it was less than the baseline count.
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152 patients for the week 2 analysis and 154 patients for the week 
4 analysis. The median time from sample collection and HCT 
(baseline) was −3 days (IQR, −5 to −1).

Between baseline and week 2, IE1 had a median SPC change 
of 0 (IQR, −28 to 0), and pp65 had a median SPC change of −14 
(IQR, −175 to 0). Seventy percent (30/43) and 79% (34/43) of 
patients with a CS-CMVi and 39% (42/109) and 45% (49/ 
109) without a CS-CMVi had negative Δ changes in IE1 SPCs 
(P = .0005) and pp65 SPCs (P = .0001), respectively (Table 2). 
Between baseline and week 4, IE1 had the same median SPC 
change of 0 (IQR, −17 to 8), and pp65 also had a median 
SPC change of 0 (IQR, −146 to 41). In total, 63% (25/40) and 
65% (26/40) of patients with a CS-CMVi and 33% (38/114) 
and 39% (44/114) without a CS-CMVi had negative Δ changes 

in IE1 SPCs (P = .001) and pp65 SPCs (P = .004), respectively 
(Table 2).

On Cox regression analyses, independent predictors of 
CS-CMVi were a negative Δ change for pp65 from baseline 
to week 2 and a negative Δ change for IE1 from baseline to 
week 4 (Tables 3 and 4). When CMV CMI was treated as a con-
tinuous variable, Cox regression analysis showed that for every 
decrease of pp65 SPCs by 50 per 250 000 cells from baseline to 
week 2, the hazard ratio of developing CS-CMVi increased by 
12% (1.12; 95% CI, 1.05–1.19). Changes in IE1 from baseline to 
week 4 were not associated with CS-CMVi when CMV CMI 
was considered as a continuous variable on univariate or Cox re-
gression analyses (P = .38 and P = .89, respectively). In addition, 
ATG use during the conditioning regimen was an independent 

Table 3. Cox Regression Analysis: Impact of CMV CMI (IE1 and pp65) Change Between Baseline and Week 2 After Transplant on Risk of Developing 
CS-CMVi

Univariate Analysis Multivariate Analysis

Variable Crude HR (95% CI) P Value Adjusted HR (95% CI) P Value

Age 0.99 (.97–1.02) .61

Sex .07 .004

Male 1 [Reference] 1 [Reference]

Female 1.74 (.96–3.18) 2.62 (1.35–5.07)

Race .18 .011

White 1 [Reference] 1 [Reference]

African American 1.77 (.62–5.05) 2.19 (.74, 6.50)

Asian 1.53 (.59–3.95) 1.61 (.60, 4.34)

Other 2.90 (1.02–8.26) 6.10 (1.98, 18.79)

Type of transplant .012 — a

Matched related donor 1 [Reference]

Matched or mismatched unrelated donor 2.65 (1.36–5.19)

Haploidentical 1.26 (.45–3.54)

HCT donor status .87

CMV negative 1 [Reference]

CMV positive 1.05 (.56–1.97)

Anti-thymocyte globulin 2.41 (1.19–4.90) .015 2.52 (1.18, 5.40) .018

Posttransplant cyclophosphamide 0.88 (.42–1.84) .74

Total body irradiation 0.59 (.14–2.44) .47

Conditioning regimen .43

Myeloablative 1.27 (.70–2.32)

Nonmyeloablative 1 [Reference]

Time from HCT to engraftment, d 1.00 (.95–1.05) .86

Corticosteroid useb prior to week 2 2.29 (1.25–4.21) .008 2.16 (1.13–4.13) .02

CMV CMI change, baseline to week 2

Δ change in IE1 .001

Positive 1 [Reference]

Negative 2.94 (1.53–5.65)

Δ change in pp65 <.001 .001

Positive 1 [Reference] 1 [Reference]

Negative 3.73 (1.79–7.79) 3.64 (1.65–8.04)

Week 2 in the study was chosen as time 0 in the analysis.  

Abbreviations: CMI, cell-mediated immunity; CMV, cytomegalovirus; CS-CMVi, clinically significant CMV infection; HCT, hematopoietic cell transplant; HR, hazard ratio; IE1, immediate early 1; 
pp65, phosphoprotein 65.  
aVariables were entered into the initial multivariate Cox regression model on the basis of the P value on univariate analysis (≤.20) and later removed from the final Cox regression model through 
the backward elimination procedure.  
bCorticosteroid use does not include corticosteroids given as part of pre medication.
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predictor for CS-CMVi after week 4. Spearman correlation coef-
ficient and box plots of the Δ changes in pp65 and IE1 SPCs be-
tween baseline and weeks 2 and 4 in patients with and without 
CS-CMVi are depicted in Figure 1A and 1B and Figure 2A–2D. 
The performance of the negative changes in IE1 and pp65 from 
baseline to week 2 or 4 and its prediction of CS-CMVi (sensitivity, 
specificity, positive predictive value, and negative predictive val-
ue) are summarized in Supplementary Table 2.

Changes in CMV CMI and Mortality

Overall, all-cause mortality at 6-month follow-up was higher in 
patients with CS-CMVi (P = .03019). Figure 1C and 1D shows 
the correlation between IE1 and pp65 changes from baseline to 

weeks 2 and 4 and mortality. Furthermore, we evaluated the 
impact of Δ changes in both antigens on patients’ mortality 
at 6 months using Kaplan-Meir curves for survival analysis 
(Figure 3A–3D). A negative IE1 change from baseline to 
week 4 was significantly associated with increased mortality after 
transplant (log rank test, P = .041; Figure 3D); however, type of 
transplant and prior corticosteroid use were the only independent 
factors associated with mortality by multivariate survival analysis.

DISCUSSION

In this follow-up analysis, we aimed to determine if changes in 
CMV ELISPOT results during the first month after transplant 

Table 4. Cox Regression Analysis: Impact of CMV CMI (IE1 and pp65) Change Between Baseline and Week 4 After Transplant on Risk of Developing 
CS-CMVi

Univariate Analysis Multivariate Analysis

Variable Crude HR (95% CI) P Value Adjusted HR (95% CI) P Value

Age 1.00 (.98–1.02) .95

Sex .07 — a

Male 1 [Reference]

Female 1.78 (.95–3.34)

Race .31

White 1 [Reference]

African American 2.10 (.73–6.01)

Asian 1.64 (.63–4.27)

Other 2.15 (.65–7.09)

Type of transplant .028 .012

Matched related donor 1 [Reference] 1 [Reference]

Matched or mismatched unrelated donor 2.74 (1.31–5.74) 2.95 (1.40–6.20)

Haploidentical 2.15 (.78–5.92) 3.14 (1.11–8.84)

HCT donor status .54

CMV negative 1 [Reference]

CMV positive 1.23 (.64–2.35)

Anti-thymocyte globulin 2.64 (1.29–5.41) .008

Posttransplant cyclophosphamide 1.22 (.60–2.50) .58

Total body irradiation 0.46 (.11–1.91) .29

Conditioning regimen .38

Myeloablative 1.32 (.71–2.47)

Nonmyeloablative 1 [Reference]

Time from HCT to engraftment, d 1.02 (.97–1.07) .54

Prior to week 4

Corticosteroid useb 2.93 (1.51–5.68) .002 2.93 (1.48–5.80) .002

Acute GVHD 1.08 (.42–2.75) .88

CMV CMI change, baseline to week 4

Δ change in IE1 .001 .002

Positive 1 [Reference] 1 [Reference]

Negative 2.92 (1.54–5.54) 2.79 (1.46–5.35)

Δ change in pp65 .003

Positive 1 [Reference]

Negative 2.73 (1.42–5.23)

Week 4 in the study was chosen as time 0 in the analysis.  

Abbreviations: CMI, cell-mediated immunity; CMV, cytomegalovirus; CS-CMVi, clinically significant CMV infection; GVHD, graft-vs-host disease; HCT, hematopoietic cell transplant; HR, 
hazard ratio; IE1, immediate early 1; pp65, phosphoprotein 65.  
aVariables were entered into the initial multivariate Cox regression model on the basis of the P value on univariate analysis (≤.20) and later removed from the final Cox regression model through 
the backward elimination procedure.  
bCorticosteroid use does not include corticosteroids given as part of pre medication.
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predicts CS-CMVi and all-cause mortality in the first 6 months 
after transplant. We found that decline (negative Δ change) in 
CMV CMI, as measured by CMV ELISPOT for pp65 from 
baseline to week 2 and for IE1 from baseline to week 4, was a 
predictor of CS-CMVi, along with receiving ATG as part of 
the conditioning regimen, matched and mismatched unrelated 
donors, haploidentical transplant, corticosteroid use, and fe-
male sex. Furthermore, all-cause mortality at 6-month follow- 
up was higher in patients with CS-CMVi.

The relationship between negative Δ changes in CMV CMI 
and CS-CMVi can be explained in part by delayed reconstitution 
of donor-origin CMV-specific T cells after transplant and the loss 
of the previously activated recipient CMV-specific T cells as a re-
sult of conditioning chemotherapy. The utility of CMV ELISPOT 
assays in predicting progression of CMV infection has been dem-
onstrated [8, 13–15]; however, few studies have examined the 

utility of early dynamic changes in CMV CMI in predicting pro-
gression of CMV infection. Jung et al [16] reported results similar 
to ours in a prospective study of 84 recipients of HCT who were 
CMV-seropositive. The authors found that dynamic changes (day 
30 – day 0) in pp65 SPCs (<42 per 200 000 cells) and IE1 SPCs 
(<4 per 200 000 cells), as measured by ELISPOT assay, were pre-
dictors of CMV infection. The authors proposed an algorithm 
based on their findings denoting that the Δ change in pp65 be-
tween days 0 and 30 is sensitive and the Δ change in IE1 between 
days 0 and 30 is specific for predicting CMV infection, similar to 
our previous report on diagnostic accuracy [9]. Likewise, our data 
highlight the utility of pp65 and IE1 Δ changes within a month 
from transplant to predict the risk for CS-CMVi. Overall, negative 
changes in IE1 or pp65 values between the time points had good 
negative predictive value to identify patients at risk for CS-CMVi. 
Both biomarkers were strong predictors of CS-CMVi, as shown in 

Figure 1. (A–D) Correlation of change in response to pp65 and IE1 antigens from baseline to week 2 and from baseline to week 4 in patients with and without CMV and 
patients alive and dead at the end of the study period. CMV, cytomegalovirus; IE1, immediate early 1; pp65, phosphoprotein 65.
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the univariate analysis and with strong correlation. On multivar-
iate analysis, likely due to small numbers, only one biomarker 
per time point prevailed as significant: negative changes on 
pp65 at values at week 2, and negative changes on IE1 antigen 
at week 4. Our results underscore the dynamic changes of 
CMV-specific T-cell immunity early after transplant as a predic-
tor, of CS-CMVi rather than at specific time points. Similarly, 
Chiereghin et al [7] reported on CMV immunomonitoring using 
CMV CMI during the first month after small bowel/multivisceral 
transplant to identify patients at risk for CMV infection. In that 
study, response was considered positive when the number of 
spot-forming cells was ≥5 in the wells stimulated with pep-
tides. Patients who were CMV-seropositive were classified 
as “early responders” if they had CMV T-cell reconstitution 
within the first month after transplant and “late responders” 
if they had it after the first month. The early responders had 
asymptomatic or mild CMV infections with lower mean and 

peak CMV viral loads, and the late responders had moderate 
or severe CMV infections.

Furthermore, this study also reveals a very interesting result: 
that a decrease in IE1 SPCs from baseline to week 4 was asso-
ciated with an increase in all-cause mortality risk at 6 months 
after transplant. The correlation between lymphocyte recovery 
and transplant outcomes, including increased risk for infec-
tions, is well recognized [17]. The relationship between lym-
phocyte recovery after transplant and graft-vs-host disease, 
disease relapse, and mortality is a topic of high interest [18]. 
We described the relationship between CMV immune recovery 
and poor outcomes in the REACT study [9]. The data from our 
current analysis suggest that CMV CMI values from as early as 
the first month after transplant could serve as predictors of not 
only CS-CMVi but also mortality after transplant, thus war-
ranting further evaluation [18, 19], especially in the era of 
CMV chemoprophylaxis with letermovir. Additional studies 

Figure 2. (A–D) Change in response to pp65 and IE1 antigens from baseline to week 2 and from baseline to week 4 in patients with and without a CS-CMVi. Box, IQR; vertical 
lines, minimum and maximum; diamond, mean; horizontal line, median. CS-CMVi, clinically significant CMV infection; IE1, immediate early 1; pp65, phosphoprotein 65.
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are needed to determine whether the Δ changes or the absolute 
CMI values are more relevant to predict CS-CMVi or mortality.

Our study is not without limitations. First, as a multicenter 
trial the study has missing data, such as absolute lymphocyte 
count, short-term follow-up (up to 6 months from HCT), 
and cause of death. Also this study was observational; therefore, 
management of CS-CMVi was not uniform but up to the pro-
vider, which may have affected outcomes.

Future directions from this research include evaluating (1) 
the role of CMV CMI measurement on when to initiate therapy 
for low CMV viral loads during chemoprophylaxis (eg, leter-
movir), (2) whether to safely discontinue primary or secondary 
prophylaxis as well as CMV PCR testing, and (3) the impact of 
long-term CMV primary or secondary prophylaxis on CMV 
CMI and transplant outcomes [20, 21].

In summary, changes in CMV-specific T-cell responses from 
pretransplant to 1 month posttransplant may serve as 

predictors of CS-CMVi and all-cause mortality in recipients 
of alloHCT who are CMV-seropositive. Future clinical trials 
should examine whether such recipients who do not exhibit 
an increase in CMV CMI would benefit from closer monitoring 
of CMV viral loads and possibly from prolonged antiviral pro-
phylaxis to improve CMV- and transplant-related outcomes.
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