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1. INTRODUCTION
For patients with end-stage kidney disease who underwent 
maintenance dialysis, kidney transplantation is the treatment 
of choice, and it is associated with prolonged survival and 
improved quality of life.1 However, kidney transplant recipi-
ents are more susceptible to opportunistic pathogens compared 
with the general population since a complex immunosuppres-
sive regimen is needed to maintain the transplant. Consequently, 

high-risk transplant recipients need to be closely monitored and/
or receive antimicrobial prophylaxis.

Cytomegalovirus (CMV) is one of the most common viral 
pathogens that affect kidney transplant recipients. Prior to effec-
tive CMV prevention, approximately 60% of kidney transplant 
recipients developed an active infection.2,3 CMV infection has 
been associated with an increased risk of renal allograft rejec-
tion, graft loss, and mortality.4–6 Therefore, early identi!cation 
of CMV infection and administration of appropriate CMV 
therapy in kidney transplant recipients at risk for CMV infec-
tion are important. Currently, a diagnosis of CMV infection is 
dependent on a positive CMV antigenemia test or a positive 
quantitative polymerase chain reaction (PCR) assay for CMV 
DNA. However, these testing materials are expensive and are 
often only checked when a CMV infection is clinically sus-
pected. In addition, negative PCR detection of CMV DNA has 
been reported in a patient with documented CMV disease.7

Approximately 6 to 8 weeks after a primary CMV infection 
develops, an anti-CMV immunoglobulin G (IgG) antibody can 
be detected in blood.8 Moreover, production of this antibody 
usually persists inde!nitely after the primary infection event. In 
the clinic, detection of this antibody is used to determine the 
serological status of both kidney transplant donors and recipi-
ents. It has been observed that kidney transplantation between 
a positive donor and a negative recipient (CMV D+/R−) is 
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Abstract
Background: An anti-cytomegalovirus (CMV) immunoglobulin G (IgG) antibody is produced after primary CMV infection and 
generally persists after the primary infection. However, it is not well-known about the relationship between anti-CMV IgG titer and 
outcomes in kidney transplant recipients. We, therefore, aimed to explore the role of anti-CMV IgG titer on the risks of CMV disease 
development, allograft rejection, renal function decline, and mortality.
Methods: In a hospital-based study, we identified 179 CMV-seropositive kidney transplant recipients between January 2013 and 
December 2017. These patients were divided into low and high anti-CMV IgG titer groups, respectively. The cutoff level of anti-
CMV IgG titer was determined by receiver operating characteristic curve analysis. The outcomes evaluated included CMV disease, 
decrease of ≥15% in estimated glomerular filtration rate (eGFR), biopsy-proven allograft rejection, and all-cause mortality.
Results: The high anti-CMV IgG titer group (≥846.2 AU/mL) exhibited a higher risk of CMV disease (adjusted hazard ratio [aHR], 
3.77; 95% CI, 1.47–9.68; p = 0.006), eGFR decline ≥15% (aHR, 2.00; 95% CI, 1.19–3.35; p = 0.009), and renal allograft rejection 
(aHR, 2.95; 95% CI, 1.11–7.87; p = 0.030) than the low titer group (<846.2 AU/mL).
Conclusion: In kidney transplant recipients, a high anti-CMV IgG titer was associated with higher risks for developing CMV dis-
ease, undergoing allograft rejection, and eGFR decline.
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associated with the highest risk of developing CMV disease.9 
Therefore, consensus guidelines recommended a 3- to 6-month 
CMV prophylaxis with oral valganciclovir for CMV D+/R− and 
CMV R+ patients.10

It has been observed that titers of anti-CMV IgG usually 
correlated with the CD4+ T lymphocyte response to CMV.11 In 
elderly patients with a high titer of anti-CMV IgG, a higher risk 
of mortality has been observed.12 Therefore, it has been sug-
gested that anti-CMV IgG titer levels may represent a marker of 
chronic in#ammation and viral reactivation, thereby leading to 
higher risks of arterial atherosclerosis and postcoronary angio-
plasty restenosis.13–15 In addition, levels of circulating anti-CMV 
IgG may predict risk of atrial !brillation recurrence after cath-
eter ablation.16 In kidney transplant recipients, a positive corre-
lation between CMV reactivation and anti-CMV IgG titers has 
also been reported.15

To date, an association between anti-CMV IgG titer and 
allograft outcome has not been investigated. Therefore, to the 
best of our knowledge, this is the !rst study to examine the role 
of anti-CMV IgG titer in relation to risks of graft rejection, 
renal function decline, and mortality. In addition, quantitative 
CMV PCR was assessed in our analysis as a time-dependent 
covariate.

2. METHODS

2.1. Study design
We conducted a hospital-based cohort study using medical records 
in a tertiary medical center. A total of 179 CMV-seropositive kid-
ney transplant recipients aged 20 years or older were identi!ed at 
the Taipei Veterans General Hospital between January 1, 2013, 
and December 31, 2017. Index day was de!ned as the !rst date 
when an anti-CMV IgG titer was recorded. Patients who received 
anti-CMV therapy within 30 days before their index day were 
excluded. All participants were divided into high and low anti-
CMV IgG titer groups, respectively. The study was approved by 
the institution’s review board (2017-09-002BC).

2.2. CMV disease
CMV disease was de!ned based on the detection of CMV DNA 
or viral isolation in clinical specimens concomitant with attrib-
utable symptoms or signs. Symptoms and signs included fever, 
malaise, leukopenia, neutropenia, atypical lymphocytosis, throm-
bocytopenia, or tissue invasive disease such as retinitis, hepatitis, 
or pneumonitis. Leukopenia was de!ned based on a leukocyte 
count of <4000/μL in peripheral blood. Thrombocytopenia was 
de!ned based on a platelet count <100 000/uL. Kidney trans-
plant recipients who had a CMV infection were treated with 
ganciclovir intravenously, followed by oral administration of 
valganciclovir.

2.3. CMV prevention and detection strategies
Universal prophylaxis with valganciclovir or valacyclovir was 
given for all recipients in the early posttransplant period for 6 
months. All recipients underwent serologic testing with anti-
CMV IgG and IgM before transplant, and additional testing was 
performed among recipients who present with signs or symp-
toms of suspected CMV disease, such as fever, malaise, leukope-
nia, colitis, or pneumonitis after transplant.

2.4. Outcomes
The outcomes included developing CMV disease, an estimated 
GFR (eGFR) decline of ≥15%, biopsy-proven allograft rejec-
tion, and all-cause mortality. All cases of renal allograft rejec-
tion were diagnosed by renal biopsy, and these were interpreted 
and reviewed by experienced renal pathologists. Outcomes were 

de!ned based on time to !rst occurrence, censoring for death 
when it occurred. Percentage change in eGFR ≥15% was identi-
!ed during the follow-up period and was calculated according to 
the creatinine equation proposed by investigators in the Chronic 
Kidney Disease Epidemiology Collaboration (mL/min per 1.73 
m2).17 Patients were followed until death or until the end of the 
study period (December 31, 2013), whichever occurred !rst.

2.5. Statistical analysis
For continuous data, we calculated the mean ± SD for data 
exhibiting normal distribution. For data that did not follow nor-
mal distribution, median and interquartile range (IQR) values 
were calculated to characterize the study population at baseline. 
Among the baseline characteristics, Pearson’s chi-square tests 
were used to compare categorical variables, while the independ-
ent t test and Mann-Whitney U test were used to compare para-
metric and nonparametric continuous variables, respectively. We 
assessed the anti-CMV IgG titer cutoff levels associated with 
CMV disease using the receiver operating characteristic (ROC) 
analysis.

Kaplan-Meier analysis was used to test the effect of anti-CMV 
IgG titer on CMV disease, renal function decline, and allograft 
rejection. Statistical signi!cance was estimated by using the log-
rank test. For multivariate analyses, a Cox proportional hazard 
model was used to estimate the effect of anti-CMV IgG titer 
on risks of CMV disease, eGFR decline, biopsy-proven allograft 
rejection, and all-cause mortality. In time-dependent analy-
ses, serum level of CMV DNA was considered a time-varying 
covariate. In subgroup analyses, Cox regression was performed 
according to age, gender, body mass index, albumin, glucose, 
hemoglobin, diabetes mellitus, dyslipidemia, use of calcium 
channel blockers, use of angiotensin-converting enzyme inhibi-
tors or angiotensin II receptor blockers, and use of β-blockers. 
Interactions between associations according to likelihood ratio 
tests were also examined. Data were analyzed with the SAS 
software (version 9.4; SAS Institute Inc, Cary, NC, USA) and 
R software (version 3.1.1) for Windows. p values <0.05 were 
considered to indicate statistical signi!cance.

Fig. 1 Receiver operating characteristic curve of anti-cytomegalovirus (CMV) 
immunoglobulin G (IgG) titer for the prediction of CMV disease. AUC = area 
under the curve.
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3. RESULTS
The ROC curve analysis for anti-CMV IgG titer is shown in 
Fig. 1. The area under the curve for the prediction of CMV dis-
ease was 0.686 (p < 0.001) and the cutoff level was <846.2 AU/
mL. Among 179 kidney transplant recipients, 121 patients had 
high anti-CMV IgG titers (≥846.2 AU/mL) and 58 patients had 
low anti-CMV IgG titers (<846.2 AU/mL). Baseline characteris-
tics of these two groups are listed in Table 1. These baseline char-
acteristics were similar between the high and low anti-CMV IgG 
titers groups, except that the low anti-CMV IgG titer group had 
a higher level of serum triglyceride and a lower proportion of 
use of steroids and mammalian target of rapamycin inhibitors.

During the follow-up period, there were 34 cases of newly 
diagnosed biopsy-proven rejection. Twenty-nine of these cases 
were in the high CMV IgG titer group, and 5 of these cases 
were in the low titer group. Of note, the patients with high anti-
CMV IgG titers had a higher proportion of antibody-mediated 
rejection events compared with those with low anti-CMV IgG 
titers (58.6% vs 40.0%, respectively). In contrast, those with 
low CMV IgG titers had a greater proportion of T-cell–medi-
ated rejection events compared with patients with high CMV 
IgG titers (80% vs 48.3%, respectively). In addition, a higher 

proportion of microvascular in#ammation events was observed 
in patients with a high CMV IgG titer compared with those with 
a low CMV IgG titer (64.3% vs 40%, respectively). Detailed 
pathology characteristics are shown in Fig. 2.

The median duration of follow-up for the entire cohort was 
33.3 months (IQR, 22.9–40.6). The results of Kaplan-Meier 
survival analysis log-rank test for CMV disease, eGFR decline, 
biopsy-proven allograft rejection, and mortality are shown in 
Fig. 3. Patients with a high anti-CMV IgG titer exhibited signi!-
cantly higher risks of CMV disease (log-rank test, p = 0.001), 
≥15% decrease in eGFR (p = 0.018), and allograft rejection  
(p = 0.022) compared with the low anti-CMV IgG titer group 
during the follow-up period.

In a multivariate Cox regression analysis adjusted for potentially 
confounding factors, the high anti-CMV IgG titer group exhibited 
greater risks for CMV disease (adjusted hazard ratio [aHR], 3.77; 
95% CI, 1.47–9.68; p = 0.006), eGFR decline ≥15% (aHR, 2.00; 
95% CI, 1.19–3.35; p = 0.009), and renal allograft rejection (aHR, 
2.95; 95% CI, 1.11–7.87; p = 0.030; Table 2). In contrast, the risk 
for all-cause mortality did not signi!cantly differ between the two 
groups. Similar results were obtained after considering CMV DNA 
levels in serum as detected by PCR as a time-dependent covariate. 

Table 1
Baseline demographic data

Characteristics
All patients
(n = 179)

Anti-CMV IgG low titer
(n = 58)

Anti-CMV IgG high titer
(n = 121) p 

Demographic     
 Age, years 54.8 ± 11.1 54.5 ± 10.7 54.9 ± 11.3 0.840
 Male 94 (52.5) 32 (55.2) 62 (51.2) 0.739
 BMI, kg/m2 23.5 ± 4.0 23.8 ± 3.6 23.4 ± 4.1 0.536
 SBP, mm Hg 117.3 ± 16.9 116.7 ± 17.2 117.5 ± 16.9 0.774
 DBP, mm Hg 70.9 ± 12.3 70.7 ± 12.9 71.0 ± 12.1 0.872
Comorbidities     
 Diabetes mellitus 81 (45.3) 24 (41.4) 57 (47.1) 0.575
 Hypertension 167 (93.3) 54 (93.1) 113 (93.4) 0.999
 Dyslipidemiaa 39 (21.8) 18 (31.0) 21 (17.4) 0.060
Laboratory data     
 Albumin, g/dL 3.8 ± 0.5 3.8 ± 0.5 3.9 ± 0.5 0.511
 Fasting glucose, mg/dL 123.4 ± 49.8 122.2 ± 41.8 123.9 ± 53.4 0.834
 Total cholesterol, mg/dL 178.4 ± 37.1 180.8 ± 41.5 177.2 ± 34.9 0.552
 Triglyceride, mg/dL 122.6 ± 68.3 137.3 ± 91.9 115.6 ± 52.4 0.046
 LDL cholesterol, mg/dL 110.2 ± 34.4 112.1 ± 38.6 109.2 ± 32.3 0.616
 HDL cholesterol, mg/dL 50.0 ± 16.2 47.0 ± 14.0 51.3 ± 17.0 0.137
 Ca, mg/dL 9.3 ± 0.8 9.2 ± 0.8 9.3 ± 0.8 0.546
 IP, mg/dL 3.0 ± 0.8 3.1 ± 0.8 3.0 ± 0.7 0.229
 Hgb, g/dL 12.0 ± 1.9 11.8 ± 1.9 12.0 ± 1.9 0.471
 eGFR, mL/min per 1.73 m2 57.3 ± 22.4 59.3 ± 24.1 56.4 ± 21.7 0.418
Concomitant medications     
 α-Blocker 96 (53.6) 27 (46.6) 69 (57.0) 0.248
 ACEI/ARB 111 (62.0) 39 (67.2) 72 (59.5) 0.404
 β-Blocker 118 (65.9) 38 (65.5) 80 (66.1) 0.999
 Calcium channel blocker 138 (77.1) 43 (74.1) 95 (78.5) 0.644
 Oral antihypoglycemic drugs 44 (24.6) 13 (22.4) 31 (25.6) 0.779
 Insulin 61 (34.1) 18 (31.0) 43 (35.5) 0.670
Immunosuppressants     
 Steroids 159 (88.8) 47 (81.0) 112 (92.6) 0.042
 CNI 171 (95.5) 53 (91.4) 118 (97.5) 0.140
 MMF 17 (95.0) 53 (91.4) 117 (96.7) 0.247
 mTOR inhibitors 57 (31.8) 12 (20.7) 45 (37.2) 0.041

Values for categorical variables are given as numbers (percentages); values for continuous variables are given as means ± SD.
ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; BMI = body mass index; Ca = calcium; CMV = cytomegalovirus; CNI = calcineurin inhibitors; DBP = diastolic blood 
pressure; eGFR = estimated glomerular filtration rate; HDL = high-density lipoprotein; Hgb = hemoglobin; IgG = immunoglobulin G; IP = phosphate; LDL = low-density lipoprotein; LDL-C = low density 
lipoprotein-cholesterol; MMF = mycophenolate mofetil; mTOR = mammalian target of rapamycin; SBP = systolic blood pressure; TC = total cholesterol; TG = triglyceride.
aDefinition for dyslipidemia: TC ≥240 mg/dL or LDL-C ≥160 mg/dL or TG ≥200 mg/dL.
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Subgroup analyses showed the results remained consistent between 
CMV disease, ≥15% decrease in eGFR, and allograft rejection 
(Supplementary Tables 1–3, http://links.lww.com/JCMA/A121).

4. DISCUSSION
To the best of our knowledge, this is the !rst study to examine 
the relationship between the levels of anti-CMV IgG titer and 
renal allograft outcome in kidney transplant recipients. A retro-
spective analysis of kidney transplant recipients with high anti-
CMV IgG titers showed that this group exhibited higher risks of 
developing CMV disease, of undergoing allograft rejection, and 
experiencing renal function decline compared with recipients 
with low anti-CMV IgG titers.

In a previous study,18 high anti-CMV IgG titers in serum have 
been shown to be a marker of long-standing immunological 

reactions and chronic in#ammation. In addition, patients with 
higher anti-CMV IgG titers had higher levels of tumor necrosis 
factor, IL (interleukin)-6, and C-reactive protein.18 A prospec-
tive study that enrolled 187 patients and 93 age-matched volun-
teers also demonstrated that high anti-CMV IgG titer antibody 
titers (≥1:800) could be an early predictor of atherosclerosis.14 
Intriguingly, in a hospital-based study comprised of 58 kidney 
transplant recipients, kidney transplant recipients who experienced 
CMV reactivation had increased levels of CMV-speci!c antibod-
ies.15 It implies that high anti-CMV IgG titers may represent a risk 
marker for CMV reactivation. However, the relationship between 
anti-CMV IgG titer and future risk of allograft outcome in kidney 
transplant recipients has not well been investigated.

CMV infection is characterized by a broad spectrum of organ 
damage, including CMV retinitis, pneumonitis, colitis, hepatitis, 
and meningoencephalitis. To our knowledge, the present study is 
the !rst to show a positive correlation between high anti-CMV 
IgG titer and CMV disease. Moreover, our results remained 
consistent by adjusting other confounding factors and further 
using the serum level of CMV DNA detected by PCR as a time-
dependent variable. Thus, anti-CMV IgG titer may represent a 
clinically valuable predictor of CMV disease, as well as a guid-
ance for CMV prophylaxis.

CMV infection and reactivation has previously been identi!ed 
as a risk factor for acute allograft rejection in kidney transplant 
recipients.19–21 In addition to allograft rejection, direct inva-
sion of CMV into a graft kidney can induce a cytopathic effect 
in glomerular and tubular epithelial cells.22 The term “CMV 
nephropathy” has been reported previously, and this condition 
is often characterized by tubulointerstitial nephritis with nuclear 
and cytoplasmic inclusions in tubules.20,23,24 In a retrospective 
hospital-based study that included 207 kidney transplant recipi-
ents, those with CMV infection/disease were associated with 
higher risks of early acute rejection and impaired renal function 
compared with patients who were not infected with CMV.25 In 
another study that enrolled 264 kidney transplant recipients, a 
higher CMV peak viral load was related to a more pronounced 
posttransplantation eGFR decline during the 3-year study 
period examined.26 Similarly, in the present study, a high anti-
CMV IgG titer was associated with higher risks of eGFR decline 
and allograft rejection.

Distinct rejection patterns were observed in the two groups 
of our cohort. The patients in the high anti-CMV IgG titer 
group had a higher proportion of antibody-mediated rejection, 
whereas the low titer group had a higher proportion of T-cell–
mediated rejection. A higher risk of microvascular in#amma-
tion was also observed in the former group. In a previous study, 
microvascular in#ammation was associated with decreased allo-
graft survival.27 This !nding might partly explain the higher risk 
of renal function decline we observed in our patients with high 
CMV IgG titers.

Mechanistic details regarding the association between a 
higher CMV IgG titer and a higher risk of allograft rejection 
remain unknown. However, it has been observed that kidney 
transplant recipients who experienced an episode of CMV reac-
tivation during a follow-up period had higher levels of CMV 
antibodies.15 In contrast, CMV antibody levels in the recipients 
without CMV reactivation were decreased. This association 
is probably due to the administration of immunosuppressant 
agents following kidney transplantation. CMV-mediated upreg-
ulation of adhesion molecules can trigger the in#ammatory 
process, thereby resulting in higher serum levels of in#amma-
tory cytokines and in!ltration of the allograft parenchyma by 
polymorphonuclear leukocytes. Moreover, it has been demon-
strated that lymphocytes negatively affect renal allograft rejec-
tion and survival.21,28,29 In a previous study that investigated 
cytokine patterns at the time of acute rejection, during chronic 

Fig. 2 Characterization of the pathologic results in high anti-cytomegalovirus 
(CMV) immunoglobulin G (IgG) titer group versus low anti-CMV IgG titer 
group. ABMR = antibody-mediated rejection; GBM = glomerular basement 
membrane; IFTA =   interstitial fibrosis and tubular atrophy; TCMR = T cell-
mediated rejection.
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rejection, and during a stable condition, upregulated production 
of interferon-γ and IL-10 was detected in the serum of a patient 
undergoing acute rejection.30 It should also be considered that 
CMV infection with concurrent alloantigens may activate cyto-
toxic T cells to trigger acute rejection.31

Our study was the !rst one with a relatively long follow-
up period to investigate the effects of anti-CMV IgG titer as 
an independent predictor of CMV disease, renal function 
decline, and renal allograft outcome. In addition, patients with 
biopsy-proven rejection were analyzed to establish the speci!c 

pathologic features of this population. When underlying comor-
bidities, laboratory data, and contaminant drugs were consid-
ered, and possible confounding factors and their interactions 
were controlled for, anti-CMV IgG titers were found to be a 
clinically useful marker for predicting renal allograft outcome 
and risk of developing CMV disease.

Some limitations in this study should be acknowledged. First, 
since we performed a retrospective, observational study rather 
than an interventional study, the correlation between anti-
CMV IgG titer and outcome does not imply causality. Second, 

Fig. 3 Kaplan-Meier curves for the risks of (A) cytomegalovirus (CMV) disease, (B) estimated glomerular filtration rate (eGFR) decline ≥15%, (C) biopsy-proven 
allograft rejection, and (D) all-cause mortality in high anti-CMV immunoglobulin G (IgG) titer group versus low anti-CMV IgG titer group.
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the degree of immunosuppression in each patient is dif!cult 
to quantify, and this could also represent a confounding fac-
tor. However, different types of immunosuppressive agents were 
included as covariates for adjustment in our analysis. Third, 
HLA matching of our patients was not analyzed in this study, 
and this might be a prognostic impact factor for allograft rejec-
tion. Finally, this study included only kidney transplant recipi-
ents in Taiwan; thus, the external validity to other ethnicity and 
other populations is uncertain.

In conclusion, kidney transplant recipients in our cohort with 
high anti-CMV IgG titers were associated with higher risks 
of developing CMV disease, undergoing allograft rejection, 
and eGFR decline than those with low anti-CMV IgG titers. 
Measurement of serum antibody titers might be potential for 
identifying kidney transplant recipients who are at high risk for 
CMV infection. However, further studies are required to vali-
date this association.

ACKNOWLEDGMENTS
This work was supported, in part, by the Ministry of Science 
and Technology, Taiwan (MOST 106-2314-B-010-039-MY3, 
MOST 107-2314-B-075-052, MOST 108-2314-B-075-008, 
MOST 109-2314-B-075-067-MY3, and MOST 109-2320-
B-075-006); Taipei, Taichung, Kaohsiung Veterans General 
Hospital, Tri-Service General Hospital, Academia Sinica Joint 
Research Program (VTA110-V1-3-1); Taipei Veterans General 
Hospital (V107B-027, V108B-023, V108C-103, V108D42-
004-MY3-2, V109B-022, V109C-114, V109D50-001-MY3-1, 
V109D50-001-MY3-2, V110C-152, and V110E-003-2); Taipei 
Veterans General Hospital-National Yang-Ming University 
Excellent Physician Scientists Cultivation Program (No. 104-V-
B-044). The funders did not play any roles in the study design, 
data collection or analysis, decision to publish, or preparation of 
the manuscript. This work was also !nancially supported by the 
“Center for Intelligent Drug Systems and Smart Bio-Devices” 
from the Featured Areas Research Center Program within the 
framework of the Higher Education Sprout Project by the 
Ministry of Education in Taiwan and Foundation for Poison 
Control (FPC-109-002). This study is based, in part, on data 
from the Big Data Center, Taipei Veterans General Hospital. The 
interpretations and conclusions contained herein do not repre-
sent the position of the Taipei Veterans General Hospital.

APPENDIX A. SUPPLEMENTARY DATA
Supplementary data related to this article can be found at http://
links.lww.com/JCMA/A121.

REFERENCES
 1. Kostro JZ, Hellmann A, Kobiela J, Skóra I, Lichodziejewska-Niemierko 

M, Dębska-Ślizień A, et al. Quality of life after kidney transplantation: a 
prospective study. Transplant Proc 2016;48:50–4.

 2. Cordero E, Casasola C, Ecarma R, Danguilan R. Cytomegalovirus dis-
ease in kidney transplant recipients: incidence, clinical pro!le, and risk 
factors. Transplant Proc 2012;44:694–700.

 3. Hartmann A, Sagedal S, Hjelmesaeth J. The natural course of cyto-
megalovirus infection and disease in renal transplant recipients. 
Transplantation 2006;82(2 Suppl):S15–S17.

 4. Nett PC, Heisey DM, Fernandez LA, Sollinger HW, Pirsch JD. Association 
of cytomegalovirus disease and acute rejection with graft loss in kidney 
transplantation. Transplantation 2004;78:1036–41.

 5. Sagedal S, Hartmann A, Nordal KP, Osnes K, Leivestad T, Foss A, et 
al. Impact of early cytomegalovirus infection and disease on long-term 
recipient and kidney graft survival. Kidney Int 2004;66:329–37.

 6. Sagedal S, Nordal KP, Hartmann A, Sund S, Scott H, Degré M, et al. The 
impact of cytomegalovirus infection and disease on rejection episodes in 
renal allograft recipients. Am J Transplant 2002;2:850–6.

 7. Razonable RR, Humar A; AST Infectious Diseases Community 
of Practice. Cytomegalovirus in solid organ transplantation. Am J 
Transplant 2013;13(Suppl 4):93–106.

 8. Azevedo LS, Pierrotti LC, Abdala E, Costa SF, Strabelli TM, Campos 
SV, et al. Cytomegalovirus infection in transplant recipients. Clinics (Sao 
Paulo) 2015;70:515–23.

 9. Ramanan P, Razonable RR. Cytomegalovirus infections in solid organ 
transplantation: a review. Infect Chemother 2013;45:260–71.

 10. Razonable RR, Humar A. Cytomegalovirus in solid organ transplant recip-
ients-Guidelines of the American Society of Transplantation Infectious 
Diseases Community of Practice. Clin Transplant 2019;33:e13512.

 11. Alonso Arias R, Moro-García MA, Echeverría A, Solano-Jaurrieta JJ, 
Suárez-García FM, López-Larrea C. Intensity of the humoral response to 
cytomegalovirus is associated with the phenotypic and functional status 
of the immune system. J Virol 2013;87:4486–95.

 12. Wang GC, Kao WH, Murakami P, Xue QL, Chiou RB, Detrick B, et 
al. Cytomegalovirus infection and the risk of mortality and frailty in 
older women: a prospective observational cohort study. Am J Epidemiol 
2010;171:1144–52.

 13. Blum A, Giladi M, Weinberg M, Kaplan G, Pasternack H, Laniado S, et 
al. High anti-cytomegalovirus (CMV) IgG antibody titer is associated 
with coronary artery disease and may predict post-coronary balloon 
angioplasty restenosis. Am J Cardiol 1998;81:866–8.

Table 2
Risks of CMV disease, eGFR decline ≥15%, allograft rejection, and all-cause mortality in kidney transplant recipients with high  
anti-CMV IgG titer versus low anti-CMV IgG titer

 
 

Cox regression analysis
Crude HR (95% CI)

 
p

Cox regression analysis
Adjusted HR (95% CI)

 
p

Cox regression with time-dependent 
covariates Adjusted HR (95% CI)

 
p

CMV disease       
 Low CMV IgG titer Reference  Reference  Reference  
 High CMV IgG titer 4.04 (1.59–10.29) 0.003 3.77 (1.47–9.68) 0.006 3.82 (1.64–11.15) 0.005
eGFR decline ≥15%       
 Low CMV IgG titer Reference  Reference  Reference  
 High CMV IgG titer 1.79 (1.09–2.93) 0.020 2.00 (1.19–3.35) 0.009 1.70 (1.05–2.85) 0.037
Allograft rejection       
 Low CMV IgG titer Reference  Reference  Reference  
 High CMV IgG titer 2.89 (1.12–7.48) 0.029 2.95 (1.11–7.87) 0.030 3.05 (1.29–8.98) 0.021
All-cause mortality       
 Low CMV IgG titer Reference  Reference  Reference  
 High CMV IgG titer 0.55 (0.17–1.82) 0.331 0.60 (0.17–2.07) 0.414 0.38 (0.09–1.43) 0.147

Crude model was an unadjusted crude hazard ratio. Adjusted model was adjusted for covariates listed in Table 1. Cox regression with time-dependent covariates was taken the levels of CMV PCR as  
time-dependent covariates.
CMV = cytomegalovirus; eGFR = estimated glomerular filtration rate; HR = hazard ratio; IgG = immunoglobulin G.

CA9_V85N2_Text.indb   188CA9_V85N2_Text.indb   188 14-Feb-22   16:37:1214-Feb-22   16:37:12



www.ejcma.org  189

Original Article. (2022) 85:2 J Chin Med Assoc

 14. Blum A, Peleg A, Weinberg M. Anti-cytomegalovirus (CMV) IgG anti-
body titer in patients with risk factors to atherosclerosis. Clin Exp Med 
2003;3:157–60.

 15. Iglesias-Escudero M, Moro-García MA, Marcos-Fernández R, García-
Torre A, Álvarez-Argüelles ME, Suárez-Fernández ML, et al. Levels of 
anti-CMV antibodies are modulated by the frequency and intensity of 
virus reactivations in kidney transplant patients. PLoS One 2018;13: 
e0194789.

 16. Liu S, Liu N, Ruan Y, Li X, Wen D, Chen L, et al. Plasma IgG antibody 
against cytomegalovirus but not herpes simplex virus is associated with 
recurrence of atrial !brillation after catheter ablation. Eur Heart J Suppl 
2016;18(Suppl A):A47‐A53.

 17. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF III, Feldman HI, 
et al; CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration). 
A new equation to estimate glomerular !ltration rate. Ann Intern Med 
2009;150:604–12.

 18. Roberts ET, Haan MN, Dowd JB, Aiello AE. Cytomegalovirus antibody 
levels, in#ammation, and mortality among elderly Latinos over 9 years 
of follow-up. Am J Epidemiol 2010;172:363–71.

 19. Birk PE, Chavers BM. Does cytomegalovirus cause glomerular injury in 
renal allograft recipients? J Am Soc Nephrol 1997;8:1801–8.

 20. Richardson WP, Colvin RB, Cheeseman SH, Tolkoff-Rubin NE, Herrin 
JT, Cosimi AB, et al. Glomerulopathy associated with cytomegalovirus 
viremia in renal allografts. N Engl J Med 1981;305:57–63.

 21. Toupance O, Bouedjoro-Camus MC, Carquin J, Novella JL, Lavaud 
S, Wynckel A, et al. Cytomegalovirus-related disease and risk of acute 
rejection in renal transplant recipients: a cohort study with case-control 
analyses. Transpl Int 2000;13:413–9.

 22. Payton D, Thorner P, Eddy A, Yeger H, Baumal R. Demonstration 
by light microscopy of cytomegalovirus on a renal biopsy of a renal 

allograft recipient: con!rmation by immunohistochemistry and in situ 
hybridization. Nephron 1987;47:205–8.

 23. Cameron J, Rigby RJ, van Deth AG, Petrie JJ. Severe tubulo-intersti-
tial disease in a renal allograft due to cytomegalovirus infection. Clin 
Nephrol 1982;18:321–5.

 24. Vichot AA, Formica RN Jr, Moeckel GW. Cytomegalovirus glomerulop-
athy and cytomegalovirus interstitial nephritis on sequential transplant 
kidney biopsies. Am J Kidney Dis 2014;63:536–9.

 25. Kanter J, Pallardó L, Gavela E, Escudero V, Beltrán S, Morales A, et al. 
Cytomegalovirus infection renal transplant recipients: risk factors and 
outcome. Transplant Proc 2009;41:2156–8.

 26. Lollinga WT, Rurenga-Gard L, van Doesum W, van Bergen R, 
Diepstra A, Vonk JM, et al. High human cytomegalovirus DNAemia 
early post-transplantation associates with irreversible and progres-
sive loss of renal function - a retrospective study. Transpl Int 2017;30: 
817–26.

 27. Verghese P, Dunn T, Naja!an B, Kim Y, Matas A. The impact of C4d 
and microvascular in#ammation before we knew them. Clin Transplant 
2013;27:388–96.

 28. Borchers AT, Perez R, Kaysen G, Ansari AA, Gershwin ME. Role of cyto-
megalovirus infection in allograft rejection: a review of possible mecha-
nisms. Transpl Immunol 1999;7:75–82.

 29. Freeman RB Jr. The ‘indirect’ effects of cytomegalovirus infection. Am J 
Transplant 2009;9:2453–8.

 30. Karczewski M, Karczewski J, Poniedzialek B, Wiktorowicz K, 
Smietanska M, Glyda M. Distinct cytokine patterns in different states of 
kidney allograft function. Transplant Proc 2009;41:4147–9.

 31. Gao LH, Zheng SS. Cytomegalovirus and chronic allograft rejection in 
liver transplantation. World J Gastroenterol 2004;10:1857–61.

CA9_V85N2_Text.indb   189CA9_V85N2_Text.indb   189 14-Feb-22   16:37:1314-Feb-22   16:37:13


