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Abstract 

Background  Cytomegalovirus (CMV) infection is a frequent complication after kidney transplantation (KT) 
and has various effects on recipient and graft survival. Although guidelines recommend anti-viral prophylaxis 
with ganciclovir or valganciclovir, there is a demand for alternative regimen for CMV prevention. We investigated 
the effects of a 3-month valacyclovir-based prophylaxis on CMV infection and clinical outcomes in KT recipients using 
a nationwide cohort.

Methods  Overall, 2,584 KT recipients from 20 transplant centers registered with the Korean Organ Transplantation 
Registry between May 2014 and December 2019 were analyzed in this study. The recipients were divided into valacy‑
clovir prophylaxis and non-prophylaxis groups, a 1:3 propensity score matching was performed, and 1,036 recipients 
(291 and 745 in the prophylaxis and non-prophylaxis groups, respectively) were analyzed. The impact of valacyclovir-
based prophylaxis on CMV after KT, other clinical outcomes, and the risk factors for CMV infection development were 
investigated.

Results  The prophylaxis group showed a lower incidence of CMV infection and rejection compared to the non-
prophylaxis group (3.64 vs. 10.25 events/100 person-years and 1.85 vs. 7.27 events/100 person-years, respectively). 
Valacyclovir prophylaxis, donor age, deceased donor, length of hospitalization after KT, anti-thymocyte globulin use, 
and CMV serological mismatch between the donor and recipient were independent risk factors for CMV infection 
after KT.

Conclusions  Valacyclovir prophylaxis after KT significantly reduced CMV infection and rejection. We sug‑
gest that valacyclovir could be considered as an alternative strategy for CMV prophylaxis after KT. However, our 
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study has limitations, including its retrospective design, variability in valacyclovir dosing and CMV monitoring, 
and unassessed confounding factors. Further prospective studies with standardized protocols and larger cohorts are 
needed to validate our findings.

Keywords  Cytomegalovirus, Kidney transplantation, Valacyclovir

Background
Cytomegalovirus (CMV) infection is a frequent infec-
tious complication after kidney transplantation (KT) 
and is associated with significant morbidity and mortal-
ity [1, 2]. Prior studies have reported that 8–60% of KT 
recipients experience CMV infection and disease, with 
the main onset occurring 6 weeks to 6 months after KT 
[3–5]. Risk factors for CMV infection after KT include 
CMV serological mismatch between donor and recipient, 
use of anti-T cell antibody therapy, age and comorbidities 
of the recipient, other concurrent infections, and pres-
ence of graft rejection [6, 7]. CMV serological mismatch 
between the donor and recipient is reported to have a 
significant influence on CMV infection and disease after 
organ transplantation. The risk of CMV infection associ-
ated with the serological status of the donor and recipi-
ent are classified as follows: donor(D) + /recipient(R) − , 
high risk; D + /R + or D − /R + , intermediate risk; and 
D − /R − , low risk [8, 9].

CMV increases risk of the rejection, graft loss, oppor-
tunistic superinfections, post-transplant diabetes melli-
tus, cardiac complications, and mortality in KT recipients 
[10–15]. Considering the poor clinical impact of CMV on 
KT recipients, current international guidelines recom-
mend anti-viral prophylaxis for CMV infection in these 
populations. The guidelines recommend that KT recipi-
ents with intermediate or high risk for CMV infection 
receive prophylaxis with ganciclovir or valganciclovir for 
3–6 months after KT [16–18]. Although intravenous gan-
ciclovir is considered the initial drug of choice for CMV 
prophylaxis, it is inconvenient for patients to be hospi-
talized or visit the hospital frequently for drug use, and 
there are concerns about side effects such as neutropenia 
and nephrotoxicity. Valganciclovir is currently the pre-
ferred drug for CMV prophylaxis because it can be used 
orally and has a high bioavailability [5, 19]. However, 
it cannot be used in all KT recipients requiring CMV 
prophylaxis because of limitations, such as high cost and 
side effects. In Korea, valganciclovir for CMV prophy-
laxis is not reimbursed by the national health insurance 
system for patients other than those categorized as high 
risk. This limitation necessitates the exploration and uti-
lization of alternative agents by clinicians to effectively 
manage CMV prophylaxis in KT recipients.

Previous studies have demonstrated the clinical efficacy 
and tolerability of valacyclovir for CMV prophylaxis. 

Lowance et al. [20] reported that valacyclovir-based CMV 
prophylaxis reduced CMV disease, acute graft rejection, 
and other infectious complications in KT recipients, with 
minimal adverse effects. Other researchers showed that 
oral valacyclovir is not inferior to oral valganciclovir or 
oral ganciclovir in terms of CMV prevention and safety 
[21, 22]. Based on previous studies, we assumed that oral 
valacyclovir could be an alternative strategy for CMV 
prophylaxis in KT recipients. In this study, we investi-
gated the efficacy of oral valacyclovir-based prophylaxis 
for three months to prevent CMV infection after KT 
using a nationwide cohort. We also analyzed the impact 
of valacyclovir-based CMV prophylaxis on clinical out-
comes, including cardiac events, rejection, graft loss, 
renal dysfunction, and all-cause mortality, and investi-
gated the risk factors for the development of CMV infec-
tion after KT.

Methods
Study population and design
The study population was obtained from the Korean 
Organ Transplantation Registry (KOTRY) database, 
which is a prospective, multicenter nationwide Korean 
transplantation cohort. The KOTRY database includes 
information on five types of solid organ transplanta-
tion in Korea: kidney, liver, pancreas, heart, and lung. 
Further details of the cohort design have been previ-
ously described [23, 24]. This study included 3,214 kid-
ney recipients from 20 transplant centers registered in 
the KOTRY database between May 2014 and December 
2019. The KOTRY database prospectively collects com-
prehensive data, including epidemiological trends, graft-
related outcomes, and mortality. For this analysis, we 
utilized data collected up to December 2020.

As shown in Fig.  1, recipients who used anti-viral 
agents other than valacyclovir for CMV prophylaxis 
or those with a CMV prophylaxis duration of less than 
3 months were excluded. A total of 2,584 KT recipients 
were included in the analysis and categorized into two 
groups: the valacyclovir prophylaxis group and the non-
prophylaxis group. The valacyclovir prophylaxis group 
commenced valacyclovir treatment during the pre-dis-
charge period following KT, while the non-prophylaxis 
group did not receive any antiviral agents for prophylac-
tic purposes. We conducted a propensity score-matched 
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analysis, with the methodology and relevant details out-
lined in the subsequent statistical analysis section.

All the study procedures complied with the princi-
ples of the Declaration of Helsinki. The study protocol 
was reviewed and approved by the Institutional Review 
Board of each center and the National Evidence-based 
Healthcare Collaborating Agency (NECA-IRB number: 
NECAIRB21-002). The need for informed consent was 
waived by the Institutional Review Board of each center 
and the National Evidence-based Healthcare Collaborat-
ing Agency.

Variables and study outcomes
Demographic, clinical, and laboratory data were col-
lected for each recipient. KT-related data including 
donor age and sex, whether the donor was deceased or 
not, ABO incompatibility, presence of donor-specific 
antibody (DSA), types of immunosuppressive drugs, and 
CMV serological mismatch between the donor and the 
recipient (CMV seropositive donor and CMV seronega-
tive recipient) were also recorded. Due to the limitations 
of the cohort design, the KOTRY database lacks infor-
mation on CMV prophylaxis, the occurrence of CMV 
infection, or disease. Therefore, we retrospectively col-
lected information on whether prophylaxis was provided, 
duration of prophylaxis, type of anti-CMV drug used for 
prophylaxis, and the occurrence of CMV infection or dis-
ease within one year after KT. Each transplant center was 

provided with a standardized survey form for data collec-
tion. Data collection at each center was conducted with 
cross-verification by at least two experienced researchers 
to ensure accuracy and consistency.

The primary outcomes of this study were the occur-
rence of CMV infection and disease within one year of 
KT. CMV infection and disease were defined based on 
the recently published guidelines [17, 25]. CMV infection 
was defined as the isolation of the virus or detection of 
antigens or nucleic acids in any body fluid or tissue speci-
men. CMV disease was defined as CMV infection with 
accompanying symptoms and was classified according to 
the affected organ: pneumonia, gastrointestinal disease, 
hepatitis, retinitis, encephalitis and ventriculitis, nephri-
tis, cystitis, myocarditis, pancreatitis, other end-organ 
disease categories, and CMV syndrome. All 20 transplant 
centers involved in the study monitored CMV by detect-
ing DNAemia. CMV DNAemia was defined as a posi-
tive result from quantitative CMV real-time polymerase 
chain reaction (PCR) testing of whole blood samples. The 
monitoring schedule for CMV DNAemia was determined 
according to the protocol established by each participat-
ing center. The secondary outcomes were the clinical out-
comes after KT in terms of cardiac events, rejection, graft 
loss, renal dysfunction, and all-cause mortality. These 
outcomes were monitored from the date of patient enroll-
ment until December 2020. Cardiac events included 
myocardial infarction, ischemic heart disease, new-onset 

Fig. 1  Study flowchart. KOTRY; Korean Organ Transplantation Registry
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congestive heart failure, and cardiac death. Rejection 
included both clinical and biopsy-proven rejection, with 
biopsy-proven rejection encompassing both Acute cel-
lular and antibody-mediated rejection. Graft loss was 
defined as dependence on dialysis for > 3  months. Renal 
dysfunction was defined as > 50% increase in creatinine 
or a > 30% decrease in the estimated glomerular filtration 
rate (eGFR) compared to measurements at discharge. The 
eGFR was calculated using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation [26]. 
All-cause mortality included both cardiac and non-car-
diac deaths.

Statistical analysis
Continuous variables are expressed as mean ± standard 
deviations (SDs), and categorical data are presented as 
frequencies and percentages. Data were analyzed using 
Student’s t-test, chi-squared test, or Fisher’s exact test, 
as appropriate. Survival curves were estimated using the 
Kaplan–Meier method and compared using the log-rank 
test. Univariate and multivariate Cox regression analyses 
were used to determine the association of variables with 
CMV infection. The results are presented as hazard ratios 
(HRs) ± 95% confidence intervals (CI).

To balance the differences between the two groups and 
reduce potential selection bias, a propensity score was 
estimated using a multivariable logistic regression model. 
Variables included in the logistic regression model used 
to deduce the propensity score were age and sex of the 
recipient; body mass index; cause of end stage renal 
disease (ESRD); history of diabetes mellitus, hyperten-
sion, and cardiovascular disease; eGFR; serum levels of 
albumin and hemoglobin at baseline; re-transplantation; 
age and sex of the donor; desensitization; type of induc-
tion and maintenance immunosuppressive drugs; ABO 
incompatibility; presence of DSA; length of hospitaliza-
tion after KT; and CMV serological mismatch between 
the donor and recipient. The prophylaxis and non-proph-
ylaxis groups were subsequently matched using a 1:3 
matching algorithm for propensity scores. All statistical 
analyses were performed using the SAS software, ver-
sion 9.3 (SAS Institute Inc., Cary, NC, USA). All reported 
p-values were 2-sided, and p-values less than 0.05 were 
considered statistically significant.

Results
Baseline characteristics of the study population
The clinical characteristics, laboratory findings, KT-
related data, and medications used are presented in 
Table  1. Among the 2,584 KT recipients, 305 (11.8%) 
received valacyclovir prophylaxis. There were no signifi-
cant differences in age, sex, or body mass index between 
the two groups. The baseline hemoglobin and creatinine 

levels at discharge showed significant differences between 
the two groups. The prophylaxis group showed a higher 
frequency of re-transplantation (9.2% vs. 5.6%, p = 0.01) 
and the presence of DSA (8.6% vs. 5.6%, p < 0.01). The 
prophylaxis group used more intravenous immunoglob-
ulin (IVIG) (7.5% vs. 4.9%, p < 0.01) and anti-thymocyte 
globulin (ATG) (20.7% vs. 8.6%, p < 0.01) compared to the 
non-prophylaxis group. Recipients at high risk for CMV 
infection, as assessed by CMV seropositivity (CMV sero-
logical status: D + /R −), were more frequently observed 
in the prophylaxis group (3.3% vs. 0.6%, p < 0.01). In con-
trast, there were no significant differences between the 
two groups in the frequency of recipients at moderate or 
low risk for CMV infection. After 1:3 propensity score-
matching, 1,036 recipients (291 and 745 in the prophy-
laxis and non-prophylaxis groups, respectively) were 
matched. In the propensity score-matched populations, 
no significant differences were observed between the two 
groups with respect to clinical characteristics, laboratory 
findings, KT-related data, and medications.

Valacyclovir‑based prophylaxis status and side effects
Table 2 summarizes the prophylaxis duration, drug dos-
age, and side effects observed in the valacyclovir prophy-
laxis group (n = 291) after matching. The mean duration 
of valacyclovir prophylaxis was 14.68  weeks and the 
mean dosage of valacyclovir was 2639.46  mg/day. The 
most common side effect was hematologic complications 
(12.0%) including neutropenia, thrombocytopenia, and 
anemia. Other adverse events included renal dysfunc-
tion in 5 patients (1.7%), gastrointestinal symptoms in 
4 patients (1.4%), and other unspecified side effects in 1 
patient (0.3%). No neurologic symptoms were reported. 
These findings provide insights into the safety profile of 
valacyclovir in this study cohort.

Clinical outcomes according to valacyclovir prophylaxis
The primary and secondary clinical outcomes according 
to valacyclovir prophylaxis are summarized in Table  3 
and Fig. 2. Within one year after KT, 251 (24.2%) and 23 
(2.2%) recipients experienced CMV infection and CMV 
disease, respectively. Compared to the non-prophylaxis 
group, the prophylaxis group experienced less CMV 
infection (3.64 and 10.25 per 100 person-years in the 
prophylaxis and non-prophylaxis groups, respectively) 
and showed a significantly lower risk of CMV infection 
(HR 0.38, 95% CI 0.27–0.53, p < 0.01). There was no sig-
nificant difference between the two groups in the occur-
rence of CMV disease. During the mean follow-up period 
of 43.5 months, 16 (1.5%) recipients experienced cardiac 
events, 176 (17.0%) experienced rejection, 36 (3.5%) expe-
rienced graft loss, 189 (18.2%) experienced renal dysfunc-
tion, and 22 (2.1%) experienced all-cause mortality. Graft 
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Table 1  Baseline characteristics of the study population

Before matching After matching

Prophylaxis
(n = 305)

Non-prophylaxis
(n = 2279)

p STD Prophylaxis
(n = 291)

Non-prophylaxis
(n = 745)

p STD

Age (years) 48.85 ± 11.10 49.34 ± 11.75 0.49 −0.04 48.85 ± 11.21 48.90 ± 12.03 0.95 0.00

Male sex (n, %) 177 (58.0) 1398 (61.3) 0.27 −0.07 167 (57.4) 425 (57.1) 0.92 0.01

Body mass index (kg/m2) 22.77 ± 3.27 23.12 ± 3.55 0.11 −0.10 22.82 ± 3.28 22.80 ± 3.33 0.91 0.01

Cause of ESRD (n, %)  < 0.01 0.89

  Diabetes mellitus 90 (29.5) 510 (22.38) 0.16 86 (29.6) 221 (29.7) 0

  Hypertension 26 (8.5) 402 (17.6) −0.27 25 (8.6) 72 (9.7) −0.04

  Glomerulonephritis 141 (46.2) 688 (30.2) 0.33 134 (46.1) 321 (43.1) 0.06

  ADPKD 9 (2.9) 120 (5.3) −0.12 9 (3.1) 31 (4.2) −0.06

  Others 14 (4.6) 73 (3.2) 0.07 13 (4.5) 30 (4.0) 0.02

  Unknown 25 (8.2) 486 (21.3) −0.38 24 (8.3) 70 (9.4) −0.04

Duration of dialysis (months) 50.18 ± 66.78 44.43 ± 59.84 0.15 0.09 49.64 ± 66.87 47.92 ± 63.17 0.7 0.03

Diabetes mellitus (n, %) 104 (34.1) 689 (30.23) 0.17 0.08 100 (34.4) 257 (34.5) 0.97 0.00

Hypertension (n, %) 267 (87.5) 2048 (89.9) 0.42 −0.07 257 (88.3) 664 (89.1) 0.71 −0.03

Cardiovascular disease (n, %) 32 (10.5) 258 (11.3) 0.23 −0.03 31 (10.7) 78 (10.5) 0.78 0.01

Baseline albumin (g/dL) 4.1 ± 0.57 4.11 ± 0.60 0.90 −0.02 4.09 ± 0.57 4.07 ± 0.60 0.67 0.03

Baseline Hemoglobin (g/dL) 10.63 ± 1.48 10.85 ± 1.55 0.02 −0.15 10.63 ± 1.50 10.69 ± 1.62 0.57 −0.04

Baseline creatinine (mg/dL) 8.86 ± 2.92 8.77 ± 3.43 0.65 0.03 8.85 ± 2.93 8.77 ± 3.34 0.73 0.03

Baseline eGFR
(ml/min/1.73m2)

6.63 ± 3.45 6.95 ± 3.97 0.18 −0.09 6.61 ± 3.41 6.76 ± 3.13 0.52 −0.05

Discharge creatinine (mg/dL) 1.1 ± 0.32 1.24 ± 0.81  < 0.01 −0.23 1.10 ± 0.33 1.11 ± 0.42 0.72 −0.03

Discharge eGFR
(ml/min/1.73m2)

74.36 ± 17.35 70.85 ± 20.75  < 0.01 0.18 73.99 ± 17.47 74.03 ± 18.22 0.98 0.00

Re-transplantation (n, %) 28 (9.2) 127 (5.6) 0.01 0.14 24 (8.3) 56 (7.5) 0.69 0.03

Donor age (years) 47.08 ± 12.89 46.97 ± 12.71 0.89 0.01 47.30 ± 12.92 46.49 ± 13.02 0.37 0.06

Donor male sex (n, %) 162 (53.1) 1158 (50.8) 0.71 0.05 154 (52.9) 394 (52.9) 0.99 0

Deceased donor (n, %) 105 (34.4) 763 (33.5) 0.83 0.02 98 (33.7) 243 (32.6) 0.74 0.02

Desensitization (n, %) 68 (22.3) 451 (19.8) 0.31 0.06 64 (22.0) 144 (19.3) 0.34 0.07

  IVIG (n, %) 23 (7.5) 112 (4.9)  < 0.01 0.11 22 (7.6) 45 (6.0) 0.67 0.06

  Plasmapheresis (n, %) 29 (9.5) 211 (9.3) 0.08 0.01 28 (9.6) 58 (7.8) 0.34 0.06

  Rituximab (n, %) 29 (9.5) 257 (11.3) 0.63 −0.06 28 (9.6) 60 (8.1) 0.67 0.06

ABO incompatibility (n, %) 27 (8.9) 216 (9.5) 0.73 −0.02 26 (8.9) 58 (7.8) 0.54 0.04

Presence of DSA (n, %) 17 (5.6) 197 (8.6)  < 0.01 −0.12 17 (5.8) 42 (5.6) 0.67 0.01

Number of HLA mismatching (n, %) 0.96 0.97

  0 34 (11.2) 278 (12.2) −0.03 30 (10.3) 80 (10.7) −0.01

  1 59 (19.3) 411 (18.0) 0.03 57 (19.6) 142 (19.1) 0.01

  2 48 (15.7) 409 (17.9) −0.06 47 (16.2) 127 (17.1) −0.02

  3 72 (23.6) 521 (22.9) 0.02 70 (24.1) 188 (25.2) −0.03

  4 72 (23.6) 521 (22.9) 0.02 41 (14.1) 103 (13.8) 0.01

  5 14 (4.6) 107 (4.7) −0.01 14 (4.8) 39 (5.2) −0.02

  6 35 (11.5) 245 (10.8) 0.02 32 (11.0) 66 (8.9) 0.07

Length of hospitalization after KT (days) 16.65 ± 7.82 17.98 ± 10.77  < 0.01 −0.14 16.57 ± 7.85 16.55 ± 7.49 0.97 0

Induction immunosuppressant (n, %)  < 0.01 0.16

  Basiliximab 240 (78.7) 1977 (86.7) −0.21 232 (79.7) 631 (84.7) −0.13

  ATG​ 63 (20.7) 195 (8.6) 0.35 57 (19.6) 110 (14.8) 0.13

Calcineurin inhibitors (n, %) 0.96 0.01

  Tacrolimus 303 (99.3) 2246 (98.6) 0.08 289 (99.3) 741 (99.5) −0.02

  Cyclosporine 1 (0.33) 11 (0.5) −0.02 1 (0.3) 2 (0.3) 0.01

Mycophenolate (n, %) 293 (96.1) 2009 (88.2)  < 0.01 0.30 280 (96.2) 710 (95.3) 0.05
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rejection events were significantly lower in the prophy-
laxis group (1.85 events per 100 person-years) com-
pared to the non-prophylaxis group (7.27 events per 100 
person-years), with an HR of 0.29 (95% CI: 0.19–0.46, 

p < 0.01). However, valacyclovir prophylaxis did not sig-
nificantly affect the occurrence and risk of cardiac events, 
graft loss, renal dysfunction, or all-cause mortality.

Risk factors for CMV infection
Univariate and multivariate Cox regression analyses 
were conducted to identify predictors of CMV infec-
tion after KT (Table  4). In univariate Cox regression 
analysis, valacyclovir prophylaxis, duration of dialy-
sis, creatinine level at discharge, albumin level, donor 
age, whether the donor was deceased or not, length of 
hospitalization after KT, ATG usage, and serological 
mismatch between the donor and the recipient (CMV 
seropositive donor and CMV seronegative recipi-
ent) showed a significant association with the occur-
rence of CMV infection within one year after KT. After 
adjusting for variables with a p-value < 0.10 in the 
univariate analysis or variables reported to be clini-
cally relevant, valacyclovir prophylaxis (HR 0.25, 95% 

CMV cytomegalovirus, ESRD end-stage renal disease, ADPKD autosomal dominant polycystic kidney disease, STD standardized difference, eGFR estimated glomerular 
filtration rate, IVIG intravenous immunoglobulin, DSA donor specific antibody, HLA human leukocyte antigens, KT kidney transplantation, ATG​ anti-thymocyte globulin

Table 1  (continued)

Before matching After matching

Prophylaxis
(n = 305)

Non-prophylaxis
(n = 2279)

p STD Prophylaxis
(n = 291)

Non-prophylaxis
(n = 745)

p STD

  Dosage (mg/day) 1045.33 ± 368.77 1060.89 ± 389.54 0.25 0.03 1044.59 ± 368.98 1057.84 ± 370.23 0.37 0.03

Steroid (n, %) 298 (97.7) 2242 (98.4) 0.54 −0.05 287 (98.6) 739 (99.2) 0.4 0.05

Donor CMV IgG + and Recipient CMV 
IgG − (n, %)

10 (3.3) 14 (0.6)  < 0.01 0.19 5 (1.7) 8 (1.1) 0.41 0.06

Donor CMV IgG + or − , and Recipient CMV 
IgG + (n, %)

289 (93.1) 2183 (95.8) 0.38 0.06 282 (96.9) 724 (97.2) 0.72 0.03

Donor CMV IgG – and Recipient CMV IgG 
– (n, %)

4 (1.3) 45(1.9) 0.41 0.05 4 (1.4) 13 (1.7) 0.57 0.04

Table 2  Valacyclovir prophylaxis status and side effects

* minimum 12 weeks and maximum 77 weeks

Variable After matching
(n = 291)

Duration of prophylaxis (weeks) 14.68 ± 10.08*

Drug dosage (mg/day) 2639.46 ± 2163.36

Side effects

  Hematologic complication 35 (12.0)

  Renal dysfunction 5 (1.7)

  Gastrointestinal symptoms 4 (1.4)

  Neurologic symptoms 0

  Others 1 (0.3)

Table 3  Clinical outcomes according to CMV prophylaxis

CMV cytomegalovirus, HR hazard ratio, CI confidence interval

Prophylaxis (n = 291) Non-prophylaxis (n = 745)

No. of events No. of events/100 
person-years

No. of events No. of events/100 
person-years

HR (95% CI) p

CMV infection 37 3.64 214 10.25 0.38 (0.27–0.53)  < 0.01

CMV disease 10 0.91 13 0.48 1.95 (0.86–4.43) 0.11

  Pneumonia 0 0 4 0.15

  Gastrointestinal disease 10 0.91 3 0.11

  Encephalitis and ventriculitis 0 0 1 0.04

  CMV syndrome 0 0 2 0.07

Cardiac events 6 0.53 10 0.37 1.48 (0.54–4.05) 0.44

Rejection 20 1.85 156 7.27 0.29 (0.19–0.46)  < 0.01

Graft loss 8 0.71 28 1.05 0.68 (0.31–1.49) 0.34

Renal dysfunction 51 4.95 138 5.69 0.87 (0.64–1.20) 0.40

All-cause mortality 5 0.44 17 0.63 0.72 (0.27–1.95) 0.52
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Fig. 2  Clinical outcomes according to valacyclovir prophylaxis. CMV; cytomegalovirus
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CI 0.17–0.36, p < 0.01), donor age (HR 1.02, 95% CI 
1.0–1.03, p = 0.01), deceased donor (HR 181, 95% CI 
1.26–262, p < 0.01), length of hospitalization after KT 
(HR 1.03, 95% CI 1.01–1.04, p < 0.01), ATG usage (HR 
3.78, 95%CI 2.67–5.33, p < 0.01), and serological mis-
match between the donor and the recipient (HR 3.23, 
95%CI 1.51–2.72, p < 0.01) were independent factors 
associated with CMV infection occurrence after KT.

Discussion
In the present study, we analyzed the clinical efficacy of 
oral valacyclovir-based CMV prophylaxis 3 months in KT 
recipients and identified independent factors associated 
with the development of CMV infection using a well-
organized nationwide KT cohort database. Our principal 
findings are as follows; First, the valacyclovir prophylaxis 
group experienced significantly less CMV infection and 

Table 4  Predictors of CMV infection in univariate and multivariate Cox regression analyses

CMV cytomegalovirus, HR hazard ratio, CI confidence interval, ESRD end-stage renal disease, ADPKD autosomal dominant polycystic kidney disease, IVIG intravenous 
immunoglobulin, DSA donor specific antibody, KT kidney transplantation, ATG​ anti-thymocyte globulin

Variable Univariate Multivariate

HR 95% CI p HR 95% CI p

CMV prophylaxis 0.49 (0.38- 0.65)  < 0.01 0.38 (0.29- 0.51)  < 0.01

Age (years) 0.02 (1.01- 1)  < 0.01 1.01 (0.99- 1.02) 0.29

Sex- male (%) 1.01 (0.77- 1.33) 0.92 1.05 (0.78- 1.42) 0.75

Cause of ESRD

  Diabetes mellitus 0.6 (0.37- 0.96) 0.03

  Hypertension 1.25 (0.78- 2) 0.36

  Glomerulonephritis 0.6 (0.39- 0.92) 0.02

  ADPKD 1.02 (0.53- 1.97) 0.96

  Others 0.99 (0.53- 1.87) 0.98

  Unknown Ref (1)

Duration of dialysis (months) 1.01 (1- 1.01)  < 0.01 1.00 (1- 1.01) 0.12

Diabetes mellitus 0.73 (0.54- 1) 0.05 0.80 (0.57- 1.12) 0.2

Hypertension 1.04 (0.69- 1.58) 0.85

Cardiovascular disease 1.39 (0.94- 2.08) 0.10

Albumin (g/dL) 1.27 (1- 1.62) 0.05 1.16 (0.92- 1.46) 0.21

Hemoglobin (g/dL) 1.05 (0.96- 1.14) 0.29

Creatinine- baseline (mg/dL) 1 (0.96- 1.04) 0.91

Creatinine- discharge (mg/dL) 1.11 (0.97- 1.28) 0.13 0.94 (0.78- 1.13) 0.49

Re-transplantation 1.08 (0.69- 1.68) 0.75

Donor age (years) 1.01 (1- 1.03) 0.03 1.02 (1- 1.03) 0.01

Donor sex- male 1.12 (0.85- 1.46) 0.42

Deceased donor 2.6 (1.99- 3.4)  < 0.01 1.56 (1.03–2.37) 0.04

Desensitization 0.81 (0.58- 1.13) 0.21 1.18 (0.69–2.03) 0.54

IVIG 0.62 (0.33- 1.14) 0.12

Plasmapheresis 1.02 (0.67- 1.56) 0.92

Rituximab 0.94 (0.6- 1.48) 0.80

ABO incompatibility 1.01 (0.65- 1.57) 0.97 1.00 (0.5- 1.98) 0.99

Presence of DSA 1.18 (0.69- 2.03) 0.54 0.69 (0.38–1.26) 0.23

Length of hospitalization after KT (days) 1.02 (1.01- 1.04)  < 0.01 1.02 (1.01–1.03) 0.03

Induction immunosuppression

  Basiliximab Ref (1) Ref (1)

  ATG​ 3.46 (2.64- 4.53)  < 0.01 3.50 (2.5–4.9)  < 0.01

  Mycophenolate 0.97 (0.54–1.74) 0.92 0.93 (0.47–1.83) 0.83

  Steroid 2.57 (0.36–18.26) 0.35 2.48 (0.32–19.52) 0.39

  Donor CMV IgG + and Recipient CMV IgG −  2.02 (1.22–3.32) 0.01 3.09 (1.77- 5.4)  < 0.01
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had a lower risk of CMV infection than the non-proph-
ylaxis group without significant adverse effects. Second, 
valacyclovir-based prophylaxis significantly reduced the 
incidence and risk of graft rejection. Third, valacyclovir 
prophylaxis, donor age, deceased donor, length of hos-
pitalization after KT, ATG usage, and CMV serological 
mismatch between the donor and recipient (CMV sero-
logical status: D + /R −) were independently associated 
with the development of CMV infection.

Primary CMV infection generally occurs in childhood, 
most of which are asymptomatic, and some patients 
experience mononucleosis syndrome. Seroprevalence in 
adults varies from country to country and is reported to 
be 45–100% [27]. After the primary infection, the virus 
remains latent in myeloid and lymphoid cells, and under 
conditions of immunosuppression such as acquired 
immunodeficiency syndrome and immunosuppressant 
use, this latent virus is reactivated and may contribute to 
chronic disease and multiorgan disorders [28–30].

The risk of opportunistic infection increases in trans-
plant recipients who are severely immunocompromised, 
and CMV is a leading cause of infectious complications 
in the early period of KT [31]. CMV infection after organ 
transplantation can develop due to the reactivation of 
latent infection, transmission from transplanted organs, 
and primary infection in seronegative recipients [32, 33]. 
It has been reported that CMV has indirect effects on KT 
recipients, including increased risk of other infections, 
graft rejection and mortality [33]. Therefore, prevention 
of CMV is considered essential after KT, and interna-
tional guidelines recommend the administration of gan-
ciclovir or valganciclovir to all recipients at risk for CMV 
infection (CMV serological status: D + /R − , D + /R + , or 
D − /R +), starting within 10  days after transplantation 
and continuing for 3–6  months [16–18]. Valganciclo-
vir is the preferred anti-viral agent for CMV prevention; 
however in actual clinical practice, it cannot be used in 
all recipients who require prevention owing to its limi-
tations such as high price, economic burden, and side 
effects [34, 35]. In Korea, the high cost of valganciclovir, 
which is not covered by the national health insurance 
except for high-risk patients, poses a significant finan-
cial barrier. As a result, many patients receive alternative 
approaches, such as preemptive therapy involving regular 
CMV PCR monitoring instead of universal prophylaxis. 
These challenges are reflected in our study cohort, where 
a substantial number of patients in the non-prophylaxis 
group did not receive anti-viral agents for CMV prophy-
laxis, likely due to these economic and coverage limita-
tions. This financial constraint can influence the choice of 
treatment strategy and impact clinical outcomes, empha-
sizing the need for cost-effective and widely accessible 
CMV prevention strategies in real-world settings.

Some researchers have suggested valacyclovir, a pro-
drug of acyclovir with higher bioavailability, as an alter-
native to CMV prophylaxis after organ transplantation. 
Valacyclovir has been documented to be an effective 
strategy to prevent CMV after organ transplantation with 
less bone marrow suppression and at relatively low cost 
[20, 36, 37]. In this study, we observed that valacyclovir-
based prophylaxis significantly reduced the incidence 
and risk of CMV infection after KT. Similar to prior stud-
ies, among the prophylaxis group, 37 (12.7%) recipients 
experienced CMV infection [20, 38]. The incidence rates 
of CMV infection after KT in the prophylaxis and non-
prophylaxis groups were 3.64 and 10.25 events per 100 
person-years, respectively. On the other hand, we did 
not observe an effect of valacyclovir in reducing the inci-
dence of CMV disease. We did not observe a significant 
effect of valacyclovir in reducing CMV disease incidence, 
potentially due to the low occurrence rate, which lim-
ited statistical power. The relatively lower observation of 
CMV disease compared to CMV infection is presumed 
to be due to the widespread use of preemptive therapy 
in Korea, stemming from various limitations associ-
ated with CMV prophylaxis. Additionally, CMV disease 
diagnosis often requires active diagnostic procedures 
such as histological confirmation, typically employed by 
centers using proactive prophylaxis strategies. This may 
have contributed to the higher observed incidence in the 
prophylaxis group. The limitations inherent in our study 
design and data availability precluded detailed subgroup 
analyses on this aspect. Future research should address 
these limitations to provide more definitive insights.

Consistent with prior studies, the valacyclovir prophy-
laxis group showed a significantly lower incidence and 
risk of graft rejection than the non-prophylaxis group 
in our study. Park et al. [39] reported that KT recipients 
receiving valacyclovir prophylaxis for 3  months expe-
rienced lower acute allograft rejection than recipients 
who received intravenous ganciclovir prophylaxis for 
2 weeks to prevent CMV. A recent network meta-analysis 
demonstrated that valacyclovir had the lowest tendency 
for acute rejection among different antiviral agents in 
patients with solid organ transplantation [40]. Consid-
ering that rejection has a major impact on recipient and 
graft survival, reduction in the risk of rejection through 
CMV prophylaxis has clinical significance in KT recipi-
ents. The mechanisms by which valacyclovir reduces 
rejection have not been extensively studied, and the exact 
molecular mechanisms remain unclear. Several possible 
explanations can be considered. First, valacyclovir may 
reduce the risk of rejection through its antiviral activ-
ity against CMV. Previous studies have demonstrated 
that CMV infection increases the risk of rejection fol-
lowing transplantation, and therefore, CMV prevention 
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with valacyclovir could contribute to mitigating this risk. 
Additionally, valacyclovir may possess immunomodu-
latory properties beyond its antiviral effects [41], which 
might help reduce the likelihood of rejection. However, 
these observations are primarily based on laboratory 
studies. Further research is necessary to elucidate the 
potential anti-inflammatory and immunomodulatory 
effects of valacyclovir in clinical settings.

In our study, the baseline characteristics of the proph-
ylaxis group revealed higher frequencies of re-trans-
plantation and the presence of DSA compared to the 
non-prophylaxis group. We hypothesize that patients 
undergoing re-transplantation or those with DSA are 
more likely to receive desensitization, which may lead 
clinicians to be more vigilant about CMV risk and sub-
sequently implement prophylaxis. The finding that vala-
cyclovir prophylaxis reduced the incidence of CMV 
infection and rejection in this high-risk population can 
be regarded as significant.

The risk of CMV after KT depends on various factors, 
including CMV serological status of the recipient and 
donor, the net state of immunosuppression, and other 
viral and host factors [6, 7]. In our study, prophylaxis 
with valacyclovir, donor age, deceased donor, length of 
hospitalization after KT, ATG use, and CMV serologi-
cal mismatch (CMV serological status: D + /R −) were 
independently associated with the occurrence of CMV 
infection. Our findings are in line with those of previous 
studies, and suggest that recipients with such risk factors 
should be considered for CMV prophylaxis.

Our study has some limitations. First, we retrospec-
tively collected CMV-related information. Therefore, 
selection bias should be considered. Second, the proto-
col for using valacyclovir for CMV prophylaxis after KT 
differed for each center. The dosage of valacyclovir was 
not uniform, and the mean drug dosage in our study 
was 2639.46 mg/day, which is relatively small compared 
to the dosage protocol in prior studies [20, 39]. We rec-
ognize the variability in valacyclovir dosing within our 
cohort, reflecting differences in clinical practices across 
centers. Additionally, the prophylaxis duration was not 
consistent. While most patients had a prophylaxis dura-
tion of 12 weeks, some patients exhibited a wider range 
of durations. These variations may have influenced the 
outcomes and represent potential confounding factors 
in our analysis. Third, the interval for CMV monitor-
ing after kidney transplantation was determined by each 
center’s protocol (Supplementary Fig.  1), which may 
influence the detection of CMV infection and disease. 
To address this limitation, future studies should be con-
ducted prospectively with a standardized CMV moni-
toring schedule. Fourth, although we demonstrated the 
clinical efficacy of valacyclovir-based CMV prophylaxis, 

there is no rationale for whether valacyclovir should be 
considered for prophylaxis in preference to other regi-
mens. Due to the limited number of patients receiving 
valganciclovir for more than three months in our cohort 
(n = 34), a comprehensive analysis was constrained. In the 
absence of a head-to-head comparative analysis between 
valacyclovir and other drugs, it is not yet known which 
anti-viral agent is the most appropriate for KT recipients. 
Larger prospective studies with standardized protocols 
are indeed necessary to allow for a more robust compari-
son between valganciclovir and valacyclovir. Fifth, the 
prophylaxis group had more frequent use of IVIG, but we 
were unable to determine its impact on providing passive 
immunity against CMV. It is possible that IVIG use could 
provide passive immunity against CMV, which might not 
have been fully accounted for in our study. This poten-
tial confounding factor could influence the observed 
outcomes and should be considered when interpreting 
the results. Future analyses should investigate the role 
of IVIG in CMV prevention to better understand its 
impact and whether it contributes to the differences seen 
between the groups. Sixth, we did not assess hematologic 
complications in the non-prophylaxis group. Since hema-
tologic complications can also result from the immuno-
suppressive agents used by KT patients, it is necessary 
to compare the differences between the prophylaxis and 
non-prophylaxis groups. Seventh, we did not categorize 
rejection types or analyze the timing of rejection events 
relative to valacyclovir use. Additionally, data on whether 
prophylaxis strategies were modified following rejection 
were unavailable. Furthermore, our study did not include 
data on whether patients who developed rejection in the 
first year after transplantation received additional CMV 
prophylaxis following rejection treatment. These limita-
tions should be addressed in future studies by collecting 
detailed information on rejection types, timing, prophy-
laxis adjustments, and post-rejection prophylaxis to pro-
vide a more comprehensive understanding. Eighth, our 
study identified ATG and CMV D + /R − as significant 
risk factors for CMV infection but did not clarify their 
relationship with valacyclovir prophylaxis. A detailed 
subgroup analysis is needed to better understand the 
interactions between ATG, CMV D + /R − , valacyclovir, 
and CMV infection in high-risk patients. Ninth, our study 
could not assess tacrolimus levels, which could influence 
outcomes and represent a potential confounding fac-
tor. Additionally, data on absolute lymphocyte counts, 
which may relate to viral-specific T-cell responses, were 
not available. Future studies should include detailed 
tacrolimus level data and immune profiling, including 
lymphocyte counts, to address these limitations com-
prehensively. Tenth, our cohort included patients across 
high, intermediate, and low risk for CMV infection to 
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provide a comprehensive representation of real-world 
clinical practices. However, prioritizing high-risk groups, 
such as CMV D + /R − patients, is essential in accord-
ance with current recommendations. A subset of high-
risk patients (n = 24) did not receive prophylaxis due to 
non-compliance or clinician decisions. While analyzing 
this group to determine whether the lack of prophylaxis 
leads to greater harm would provide valuable insights, 
the small sample size and dataset limitations prevented 
such analysis. Future studies with larger, standardized 
cohorts are needed to provide targeted insights and align 
with guidelines. Finally, the KT recipients analyzed in the 
present study were predominantly Korean. Consider-
ing that trends in CMV infection and disease may differ 
according to ethnicity and socioeconomic status [42], our 
findings should be generalized with caution.

Conclusions
In conclusion, oral valacyclovir-based prophylaxis for 
three months after KT significantly reduced CMV 
infection and graft rejection. Our findings suggest that 
valacyclovir could be considered as an alternative to 
conventional strategies for CMV prophylaxis after KT. 
However, our study has several limitations, including 
its retrospective design, variability in valacyclovir dos-
ing and CMV monitoring protocols across centers, and 
a limited number of high-risk patients receiving valgan-
ciclovir. Additionally, potential confounding factors, such 
as IVIG use, tacrolimus levels, and rejection timing, were 
not fully assessed. These limitations may have influenced 
the outcomes, and caution is needed when interpreting 
our findings. Future prospective studies with standard-
ized protocols and larger, more diverse cohorts are essen-
tial to validate these results.
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