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ABSTRACT

The impact of primary cytomegalovirus infection (pCMV) on renal allo-
graft function and histology is controversial. We evaluated the influence
on incidence of acute rejection, allograft loss, allograft function and inter-
stitial fibrosis/tubular atrophy (IF/TA). Retrospective case–control study,
recipients transplanted between 2000 and 2014. Risk of acute rejection and
allograft loss for those who experienced pCMV infection compared with
those who did not, within an exposure period of two months after trans-
plantation. Besides, its influence on allograft function and histology at one
to three years after transplantation. Of 113 recipients experienced pCMV
infection, 306 remained CMV seronegative. pCMV infection in the expo-
sure period could not be proven as increasing the risk for acute rejection
[HR = 2.18 (95% CI 0.80–5.97) P = 0.13] or allograft loss [HR = 1.11
(95%CI 0.33–3.72) P = 0.87]. Combination of pCMV infection and acute
rejection posed higher hazard for allograft loss than acute rejection alone
[HR = 3.69 (95% CI 1.21–11.29) P = 0.02]. eGFR(MDRD) values did not
significantly differ at years one [46 vs. 50], two [46 vs. 51] and three [46
vs. 52]. No association between pCMV infection and IF/TA could be
demonstrated [OR = 2.15 (95%CI 0.73–6.29) P = 0.16]. pCMV infection
was not proven to increase the risk for acute rejection or allograft loss.
However, it increased the risk for rejection-associated allograft loss. In
remaining functioning allografts, it was not significantly associated with
decline in function nor with presence of IF/TA.
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Introduction

Cytomegalovirus (CMV) infection is the most common

viral infectious complication following renal transplan-

tation. CMV IgG seronegative recipients may experience

primary CMV (pCMV) infection after transplantation

with a renal allograft obtained from a CMV IgG

seropositive donor. This pCMV infection often mani-

fests as CMV disease with symptoms as fever, bone

marrow suppression, pneumonitis, hepatitis and/or coli-

tis. However, the primary infection may also run an

asymptomatic course [1]. Besides, in renal allograft

recipients who already have encountered CMV prior to

renal allograft transplantation, CMV reactivation
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frequently occurs. Although the implementation of

CMV prophylaxis has been shown to reduce CMV-asso-

ciated morbidity and mortality, pCMV infection may

still occur after discontinuation of CMV prophylaxis

[2].

A causal relationship between CMV infection and

allograft injury has been observed in experimental stud-

ies [3,4], but definitive proof in clinical transplantation

is still lacking [1,5]. Furthermore, data about histologi-

cal changes after CMV infection in humans are rela-

tively scarce [6]. Previous studies showed an association

between CMV disease and occurrence of acute rejection

[7-11], while others did not [12,13]. Moreover, the

association between CMV infection and chronic allo-

graft dysfunction remains controversial [6,12,14-17].

Hence, the aim of this study was to evaluate the

effect of pCMV infection on incidence of acute rejection

and rejection-associated allograft loss, on renal allograft

function, as well as on the presence of interstitial fibro-

sis/tubular atrophy (IF/TA) in renal allograft biopsies

taken between six and 24 months after transplantation.

Patients and methods

Hospital setting

This study was conducted in our University Medical

Center that serves as a tertiary referral centre for

patients with end-stage renal disease. Patients from the

North and the Middle of the Netherlands are referred

for renal transplantation. One year after transplantation,

they return back for follow up to their referring medical

centre. Patient approval according to the guidelines of

the Medical Ethical Committee of our University Medi-

cal Center was obtained from every renal allograft recip-

ient included in this study.

Study setup

We have performed a retrospective case–control study

on renal allograft recipients transplanted for the first

time between 2000 and 2014, who had been screened

for CMV infection by measurement of specific IgM and

IgG antibodies as well as PCR. Heparinized peripheral

blood samples had been collected before transplantation

and weekly during the first 16 weeks after transplanta-

tion. Next, every month during the first year and every

three months thereafter.

Among a total of 1028 patients, we identified 113

who experienced pCMV infection and 306 who never

developed CMV infection, defined as persistent CMV

seronegativity (IgM and IgG) and negative CMV-PCR

during the entire study follow-up of three years post-

transplantation. These two groups were compared for

the incidence of acute rejection, renal allograft loss, and

renal allograft function as measured by eGFR in ml/min

per 1.73 m2 with MDRD formula [18] at one, two and

three years after transplantation. Moreover, presence of

IF/TA was determined in renal allograft biopsies taken

between 6 and 24 months after transplantation. In the

group of recipients who had experienced pCMV infec-

tion, these outcome parameters were evaluated at time

points following the infection.

Definitions

Primary CMV infection was defined as CMV viremia

demonstrated by PCR in an initially IgM and IgG

seronegative renal allograft recipient. The diagnosis was

confirmed by seroconversion. In case of CMV-associ-

ated symptoms (fever, pneumonitis, hepatitis and/or

colitis and/or cytopenia), the infection was classified as

pCMV disease, conform published guidelines [19,20].

CMV seronegative renal allograft recipients were defined

as those who were IgM and IgG negative at time of

transplantation and remained so during entire follow-

up. These patients did also not experience CMV replica-

tion at any time point during follow-up, as measured

by PCR. Delayed graft function was defined as the

requirement of dialysis within the first week after trans-

plantation because of acute tubular necrosis. Primary

nonfunction was defined as post-transplant acute tubu-

lar necrosis without recovery of function even after sev-

eral weeks [21]. Acute rejection was defined as a decline

in renal allograft function along with renal allograft

biopsy confirmation.

Immunosuppressive therapy and co-medication

The patients were treated according to national guideli-

nes and from 2010 according to the international

KDIGO guidelines [22]. Immunosuppressive mainte-

nance therapy consisted of steroids, mycophenolate

mofetil and a calcineurin inhibitor, mostly tacrolimus

but alternatively cyclosporin. CD25 monoclonal anti-

body (basiliximab) was administered as induction ther-

apy to patients receiving a renal allograft obtained from

a living donor, non-Caucasians and those with panel

reactive antibodies> 30%. Acute T-cell-mediated rejec-

tion (TCMR) was treated with intravenous steroid pulse

therapy. Antibody-mediated rejection (ABMR), com-

bined (cellular and antibody-mediated) and steroid-
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resistant acute TCMR episodes were treated with plasma

exchange and anti-thymocyte globulin (ATG). From

one year after transplantation, immunosuppressive

treatment generally consisted of double therapy, that is

prednisolone and mycophenolate mofetil. Those

patients who had experienced acute rejection episode(s)

remained on triple therapy as described above.

From 2007, valganciclovir prophylaxis was routinely

provided to recipients who had an increased risk for

developing CMV replication (transplantation of a renal

allograft from a CMV seropositive donor to a CMV

seronegative recipient, or in case of ATG treatment)

for a period of three months following renal trans-

plantation. From 2010, the time period of prophylaxis

with valganciclovir was extended to a period of six

months.

When pCMV infection was diagnosed, the dosage of

mycophenolate mofetil was gradually decreased in each

patient. In addition, CMV disease was treated with

intravenous ganciclovir for at least 14 days.

Renal allograft biopsy protocols

We intended to take renal allograft biopsies according

to protocol in all patients. Selected time points were

perioperatively, at six months, and at one and two years

after transplantation. Indication biopsies were taken to

diagnose underlying medical conditions, which resulted

in deterioration of the renal allograft function and/or

unexplainable proteinuria. All renal biopsies were

reviewed by one renal pathologist (SF) for the purpose

of this study. C4d-staining results were available for the

indication biopsies. T-cell-mediated rejection (TCMR),

antibody-mediated rejection (ABMR) and interstitial

fibrosis and tubular atrophy (IF/TA) were defined

according to the 2018 Reference Guide to the Banff

Classification of renal allograft pathology [23]. For the

analysis of IF/TA, a binary score was used. We consid-

ered IFTA grade 0 and I not significant (no inflamma-

tion present; score 0) and IF/TA grade II and III as

significant (score 1).

Statistical analyses

Normal distributed continuous variables were expressed

as the mean with standard deviation, and non-normal

distributed data were expressed as the median and 25–
75% interquartile range (IQR). Student’s t-test was used

to compare continuous variables in case of normal dis-

tribution. In case of non-normal distribution, Mann–
Whitney U-test was used. The distribution of nominal

variables between groups was statistically analysed with

the chi-square test.

The outcomes of patient and renal allograft survival

are presented by Kaplan–Meier curves and analysed

according to the landmark method as described by

Gleiss et al. [25]. In a landmark analysis, a period of

time between a baseline date (cohort entry) and a study

start date (the landmark date) is designated the expo-

sure period and chosen a priori. Only outcome variables

that occur after the landmark date are counted in the

analysis. Hence, participants who experience the out-

come of interest during the exposure window are

excluded from subsequent analyses to avoid reverse

causality and immortal time bias. Landmark was set at

two months after transplantation because the median

time between transplantation and occurrence of pCMV

infection was 60 days. In the assessment of patient and

allograft survival, pCMV infection and/or acute rejec-

tion occurring within the exposure window of two

months after transplantation were used as exposure

variables.

Landmark analysis was also performed to determine

pCMV infection as a risk factor for subsequent acute

rejection. Because pCMV was the exposure variable, the

landmark was also set at two months after transplanta-

tion. Consequently, early acute rejection episodes,

occurring mostly within two months after transplanta-

tion were excluded [26-28]. Additionally, allograft loss

as result of surgical complications was excluded, as well

as primary nonfunction occurring within the first two

months. In the multivariable model, outcome was

adjusted for CMV prophylaxis, donor age, allograft type

(deceased vs. living donation).

To determine the independent influence of pCMV

infection on renal allograft function, uni- and multivari-

able linear regression analysis were performed. Only

pCMV infection events occurring before the measured

endpoint of eGFR (MDRD) were included in this analy-

sis. Because of variation between pCMV infection and

the fixed eGFR (MDRD) endpoints, we additionally

investigated association of ‘time gap’ and eGFR

(MDRD). Time gap was defined as the period of time

(in months) between pCMV infection and subsequent

measurement of eGFR (MDRD) at one, two and three

years after transplantation. Time gap and eGFR

(MDRD) were assessed with Pearson correlation tests.

The eGFR values were logarithmically transformed to

fulfil the normality criteria. To enhance interpretability,

regression coefficients were transformed backwards by

the inverse of the log function, now corresponding to

the ratio of the geometric mean of eGFR (MDRD)
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between pCMV infection and CMV seronegative groups.

A 10B value greater than 1 indicated an increase in

eGFR (MDRD) after experiencing pCMV infection

whereas a 10B value smaller than 1 indicated a decline

in eGFR (MDRD) after experiencing pCMV infection.

In multivariable linear regression analysis, the influence

of pCMV infection on eGFR (MDRD) was adjusted for

body mass index (BMI) of recipient, diabetes mellitus,

donor age, type of allograft (living vs. obtained from a

deceased donor), administration of CMV prophylaxis,

delayed graft function and acute rejection.

To determine the influence of pCMV infection on

the presence of IF/TA in the renal allograft biopsies,

binary logistic regression analysis was performed in

which the presence of IF/TA was the dependent vari-

able and pCMV infection the independent variable.

Only biopsies obtained after the event of pCMV infec-

tion were included. Biopsies taken from patients in

the CMV seronegative group served as control. Since

the renal allograft biopsies were obtained on both

indication and protocol, they were categorized in two

periods: biopsies obtained between six to 12 months

and between 13 and 24 months after transplantation.

In multivariable analysis, outcome IF/TA was adjusted

for group differences: age of the donor, acute rejection

and administration of CMV prophylaxis. In line with

the eGFR (MDRD) analysis, here is also a ‘time gap’

present, which is defined as the period of time (in

months) between pCMV infection and subsequent

allograft biopsy procedure. Time gap and presence of

IF/TA were assessed with Spearman’s rs correlation

tests.

It should be emphasized that both outcome parame-

ters, that is graft function and presence of IF/TA are

conditional on both graft and patient survival.

Statistical analyses were performed with SPSS soft-

ware (IBM Corp. Released 2017. SPSS Statistics for

Windows, Version 25.0. Armonk, NY: IBM Corp.).

Landmark analyses were analysed using R studio built

under R version 3.5.3 (R Core Team 2013, Vienna, Aus-

tria) with package survival [24].

Results

Study groups: pCMV infection versus CMV

seronegative

We analysed 419 renal allograft recipients of whom

113 had experienced pCMV infection and 306

remained CMV seronegative and CMV-PCR negative

during entire three-year follow-up. 36 Per cent of the

seronegative recipients had been transplanted with a

kidney from a CMV seropositive donor. These were

post-traumatic donors and polytransfusees, whereby

they tested falsely positive in the CMV serology. In

view of the persistently negative CMV-PCR test in

their recipients over a time course of 3 years, we con-

sider them as truly CMV negative. The median age of

the donor was moderately but significantly higher in

the pCMV infection group (P = 0.03), and 97% of the

patients in this group received a renal allograft

obtained from a CMV IgG-positive donor (Table 1).

Antiviral prophylaxis was implemented in 2007; 131

patients in our total cohort received this prophylactic

treatment (Table 1). Table S1 presents a comparison of

patients with and without prophylaxis within the

pCMV infection group. The median time interval

between transplantation and pCMV infection was

60 days (interquartile range (IQR) of 41–215 days)

and was significantly longer among those who received

prophylaxis compared to those who did not (median

225 days (IQR 97–299) vs. 46 days, IQR 32–60;
P < 0.01). The incidence of acute rejection was signifi-

cantly lower in the prophylaxis group (P = 0.02). The

majority of the recipients (101/113; 89%) experiencing

pCMV infection were symptomatic, hence experienced

pCMV disease.

The influence of primary CMV infection on patient

survival

Figure 1 displays Kaplan–Meier patient survival curves

stratified according to pCMV infection and/or acute

rejection. Landmark was set at two months after trans-

plantation. Here, no significant differences in three-year

patient survival (log-rank P = 0.12) were observed.

Association between primary CMV infection and
acute renal allograft rejection

In both the pCMV and the CMV seronegative group,

the majority of rejection episodes concerned TCMR

(Table 1). Of 35 renal allograft recipients had experi-

enced both pCMV infection and acute rejection during

follow-up. Considering all acute rejection episodes

within the pCMV group in more detail, it appeared that

14 of 35 patients (40%) had experienced pCMV infec-

tion preceding an acute rejection episode, whereas in 21

of 35 patients (60%), pCMV infection occurred after

acute rejection episode (Fig. 2). To determine pCMV

infection as a risk factor for subsequent acute rejection,

landmark analysis was performed with landmark set at
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two months after transplantation, being the median

time between transplantation and occurrence of pCMV

infection. Therefore, in both groups only acute rejection

episodes occurring after this landmark date were anal-

ysed. Multivariable analysis indicated that pCMV infec-

tion could not be proven as increasing the risk for

occurrence of subsequent acute rejection [HR = 2.18

(95% CI 0.80 - 5.97), P = 0.13] (Table 2).

The influence of primary CMV infection on allograft
survival

Figure 3 displays Kaplan–Meier curves for allograft sur-

vival. Landmark was set at two months after transplanta-

tion, using pCMV infection and/or acute rejection as

exposure variables. Stratified according to these two

parameters, there was a significant difference in allograft

Table 1. Comparison of primary CMV infection and CMV seronegative group

Primary CMV infection CMV seronegative
OR (95% CI) P valuen = 113 n = 306

Variables recipient
Age (years) 51 (34–62) 51 (37–61) 1.00 (0.98–1.01) 0.56
Female gender 40 (35%) 99 (32%) 1.15 (0.73–1.80) 0.56
BMI (m/kg2) 24.4 � 3.8 25.0 � 4.4 0.97 (0.91–1.02) 0.22
Diabetes mellitus 22 (20%) 59 (19%) 1.01 (0.59–1.75) 0.97
Variables donor
Deceased donor 63 (56%) 144 (47%) 1.42 (0.92–2.19) 0.14
Age (years) 55 (47–63) 51 (43–61) 1.02 (1.01–1.03) 0.03
Donor CMV IgG+ 109 (97%) 111 (36%) 47.87 (17.18–133.37) <0.01
HLA mismatches
Locus A 71 (63%) 209 (68%) 0.79 (0.50–1.25) 0.31
Locus B 79 (70%) 234 (76%) 0.72 (0.44–1.17) 0.18
Locus DR 77 (68%) 212 (69%) 0.95 (0.59–1.53) 0.83
Post-transplantation
CMV prophylaxis 48 (43%) 83 (27%) 1.98 (1.27–3.11) <0.01
Delayed graft function 27 (24%) 86 (28%) 0.81 (0.49–1.33) 0.4
Acute rejection 35/113 (31%) 50 (16%) 2.30 (1.39–3.79) <0.01
Borderline TCMR 5/35 10/50
TCMR type I 23/35 23/50
TCMR type II 3/35 8/50
BMR 3/35 3/50
combined 3/35 6/50

Renal allograft outcome
Allograft loss 17/113 (15%) 16/306 (5%) 3.21 (2.56–6.60) <0.01
due to rejection 10/113 (9%) 7/306 (2%) 4.32 (1.60–11.70) <0.01
other causes 7/113 (6%) 9/306 (3%) 2.35 (0.85–6.49) 0.13

Allograft function in eGFR†

1 year 46 (34–60) 50 (42–62) ** **
2 year 46 (34–58) 51 (39–62) ** **
3 year 46 (32–58) 52 (39–61) ** **

Renal allograft biopsies
Presence of IF/TA‡

At reperfusion (n = 81) 0/26 1/55 (2%)
6 to 12 months after Tx (n = 106) 10/35 (29%) 8/71 (11%) *** ***

13 to 24 months after Tx (n = 58) 7/17 (41%) 12/41 (29%) *** ***

Continuous variables are depicted as mean � standard deviation or as median with (25–75%) interquartile range. Nominal
variables are depicted as the total number (percentages). ABMR, antibody-mediated rejection; BMI, body mass index; CMV,
cytomegalovirus; Combined, mixed cellular – humoral rejection; TCMR, T-cell mediated rejection
†eGFR (MDRD) in ml/min/1.73 m2.
‡Interstitial fibrosis and tubular atrophy.

**for statistical analyses: see Table 4.

***for statistical analyses: see Table 5.
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survival (log-rank P < 0.01). Compared to the reference

group that did not experience pCMV infection nor acute

rejection (no pCMV no AR), having experienced only

pCMV infection within the exposed period could not be

proven to result in a higher hazard for allograft loss

[HR = 1.11 (95% CI 0.33–3.72), P = 0.87 (Table 2). Fur-

thermore, patients who experienced both pCMV infec-

tion and acute rejection (both pCMV and AR) within

the exposure period appeared to pose a significantly

higher hazard for allograft loss if compared to the group

that only experienced acute rejection. [HR = 3.69 (95%

CI 1.21 – 11.29), P = 0.02). Table 3 displays the histol-

ogy data of the failed allografts. Within the pCMV infec-

tion group, 59% of allograft loss resulted from acute

rejection. Cases of nonrejection-related allograft loss in

the pCMV group were not related to CMV infection.

No influence of pCMV infection on renal allograft

function measured by eGFR (MDRD)

In the pCMV group, the eGFR (MDRD) of the

remaining functioning allografts at one, two and three
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years after transplantation was slightly lower than in

the 290 patients from the CMV seronegative group

(Table 1). Compared to the CMV seronegative group,

having experienced primary CMV infection resulted in

a 10% lower eGFR (MDRD) at one year after trans-

plantation (univariable linear regression analysis,

P = 0.02) as shown in Table 4. However, multivariable

linear regression analysis, adjusted for the variables

known to influence allograft function, showed that

this decline in eGFR (MDRD) was not significant at

year 1 (P = 0.12), nor at year 2 (P = 0.21) or year 3

(P = 0.55) after transplantation (Table 4). Of note,

‘time gap’ (i.e. duration between pCMV infection and

eGFR (MDRD) measurement) was also not signifi-

cantly associated with variation of eGFR (MDRD) at

year one (r = 0.05, P = 0.63), year two (r = 0.08,

P = 0.47) and year three (r = 0.08, P = 0.46) after

transplantation.

No association between CMV infection and the
presence of IF/TA in renal allograft biopsies taken

between six and 24 months after transplantation

Table 1 displays the number of renal allograft biopsies

taken in each patient group. Only one of the biopsies

taken at moment of reperfusion showed signs of IF/TA.

Hereafter, biopsies were obtained within a time period

of six to 24 months after transplantation. Renal allograft

biopsies obtained after the event of pCMV infection

were analysed. Among biopsies taken between six to

12 months after transplantation, having experienced

pCMV infection was significantly associated with pres-

ence of IF/TA [odds ratio (OR) 3.08 (95% CI 1.06–
8.94) P = 0.04] (Table 5). However, after adjustment

for group differences (donor age, acute rejection and

CMV prophylaxis) in multivariable analysis, it could

not be proven that pCMV infection was significantly

Table 2. (A) Landmark analysis for primary CMV infection as a risk factor for subsequent occurrence of acute rejection.
(B) Landmark analysis for primary CMV infection as an independent risk factor for renal allograft loss from 2 months to

3 years following transplantation

Univariable Multivariable*

HR (95% CI) P value HR (95% CI) P value

(A)
Status at landmark at 60 days after Tx
pCMV 2.67 (0.99–7.18) 0.05 2.18 (0.80–5.97) 0.13

(B)
Status at landmark 60 days after Tx
No pCMV and No AR 1.00 [reference] – 1.00 [reference] –
Only pCMV 1.08 (0.33–3.58) 0.89 1.11 (0.33–3.72) 0.87
Only AR 3.51 (1.69–7.29) <0.01 3.54 (1.69–7.41) <0.01
Both pCMV and AR 7.53 (3.52–16.08) <0.01 6.40 (2.83–14.47) <0.01

*Adjusted for CMV prophylaxis, donor age, allograft type (deceased vs. living donation).
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associated with the presence of IF/TA [OR 1.93 (95%

CI = 0.50–7.46) P = 0.34]. Also, among biopsies taken

between 13 and 24 months after transplantation, no sig-

nificant association between pCMV infection and the

presence of IF/TA was observed by multivariable analy-

sis [OR 1.78 (95% CI 0.30–10.68), P = 0.53]. Compara-

ble outcome was observed after multivariable analysis of

all biopsies taken between six and 24 months after

transplantation [OR 2.15 (95% CI 0.73–6.29) P = 0.16].

Of note, ‘time gap’ (time span between pCMV infection

and subsequently allograft biopsy procedure) was not

associated with the presence of IF/TA (rs 0.21,

P = 0.17). Unfortunately, the number of biopsies

according to protocol was lower than expected, mainly

because lack of permission by patients who were afraid

for damage to their good functioning kidney transplant.

Therefore, we again analysed the 154 patients from

whom biopsies were available as a separate group. As

shown in Table S2 and Table S3, the baseline character-

istics and eGFR (MDRD) outcome in this biopsy sub-

group were largely similar to those in the original

group.

Discussion

In this large case–control study, we studied the influ-

ence of primary CMV infection acquired after renal

transplantation on the incidence of acute rejection, allo-

graft loss, renal function and the presence of IF/TA in

the first 3 years after transplantation.

The association between CMV infection and acute

rejection is controversial, since the interpretation of

studies on a possible relationship between CMV infec-

tion following renal transplantation and allograft dys-

function is hampered by a lack of uniform definitions

regarding CMV infection, such as primary infection ver-

sus CMV reactivation, asymptomatic versus symp-

tomatic infection and whether or not prophylactic

antiviral therapy has been administered after transplan-

tation. Many research groups have observed an associa-

tion between CMV infection and occurrence of acute

rejection [7-9,11], whereas others did not [12-14].

Table 3. Causes of renal allograft loss according to
histological examination of the transplantectomy

specimen

Primary CMV
infection

CMV
seronegative

n = 17 n = 16

Allograft loss by acute rejection
TCMR type 1 4 1
TCMR type 2 1 3
ABMR 3 2

Combined rejection 2 1
Allograft loss by other causes
Primary nonfunction 1 2
Surgical complications 3 2
Recurrence of primary renal
disease

2 2

Thrombotic micro-angiopathy 1 1
Others (deceased/multiple
myeloma)

0 2

ABMR, antibody-mediated rejection; TCMR, T-cell-mediated
rejection.

Table 4. Linear regression analysis for the influence of primary CMV infection on renal allograft function measured by

eGFR (MDRD)

Unadjusted* Adjusted†

10B (95% CI) P value 10B (95% CI) P value

Year 1 after Tx
No pCMV 1.00 [reference] 1.00 [reference]
Yes pCMV 0.90 (0.82–0.98) 0.02 0.93 (0.84–1.02) 0.12

Year 2 after Tx
No pCMV 1.00 [reference] 1.00 [reference]
Yes pCMV 0.90 (0.82–0.99) 0.04 0.93 (0.84–1.04) 0.21

Year 3 after Tx
No pCMV 1.00 [reference] 1.00 [reference]
Yes pCMV 0.87 (0.77–0.98) 0.02 0.96 (0.83–1.10) 0.55

B is the regression coefficient of log-transformed eGFR (MDRD)

*Unadjusted model: association between primary CMV infection (pCMV) and eGFR (MDRD)
†Adjusted for BMI of recipient, diabetes mellitus, age of the donor, type of allograft (living vs. deceased donor), delayed graft
function, acute rejection and CMV prophylaxis
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Patients who acquire pCMV infection following trans-

plantation are reported to have an increased risk of

rejection-associated allograft loss [11,29,30]. Although

we observed a higher incidence of both acute rejection

and allograft loss in the total group of patients who

experienced pCMV infection, in landmark analysis

pCMV infection could not be proven as increasing the

risk for acute rejection or graft loss in patients who first

experienced pCMV infection, followed by either an

acute rejection episode or allograft loss. Interestingly,

nonrejection-related causes of allograft loss were nonin-

fectious complications which were not related to pCMV

infection, supporting the idea that in absence of acute

rejection, pCMV infection itself does not result in allo-

graft loss within three years after transplantation.

In two studies, an association between CMV infection

and allograft loss of any cause was reported. Luan et al

reported that late-onset CMV disease was associated

with an increased risk for graft loss during a 5-year

study period [31]. Reischig et al observed that CMV

DNAemia of more than 2000 copies/ml was indepen-

dently associated with renal allograft loss [32]. However,

both studies did not report histology data on the aetiol-

ogy of allograft loss. A unique aspect of our current

study is the analysis of renal allograft outcome stratified

according to the occurrence of acute rejection. Thereby,

the independent influence of pCMV infection on allo-

graft outcome could be determined.

Both sequences in time have been described: CMV

infection may occur prior to acute rejection and vice

versa [29]. Indeed, we observed both sequences of these

two events. pCMV infection may be triggered by

intensifying immunosuppressive therapy as treatment

for acute rejection. Conversely, a decrease in intensity of

immunosuppressive drug medication because of occur-

rence of pCMV infection may very well be causative in

triggering acute rejection. Another explanation for acute

rejection following pCMV infection may be found in

cross-reactivity of CMV-specific T cells to donor

alloantigens, as demonstrated previously [33]. Interest-

ingly, we observed that the sequence of pCMV infection

and acute rejection did not influence the incidence of

rejection-related allograft loss.

To determine the influence of pCMV infection on

the remaining functioning renal allografts, we measured

eGFR (MDRD) and observed that pCMV infection did

not independently contribute to impairment of renal

allograft function up to three years after transplantation.

In view of the variable time gap, defined as time (in

months) between the moment of pCMV infection and

eGFR (MDRD) measurements, we tested its possible

influence on eGFR (MDRD) variation and observed

that a longer time gap did not significantly influence

the variation in the eGFR (MDRD). Regarding allograft

functional outcome, comparable observations have been

reported by McLaughlin et al, who concluded from a

retrospective study that CMV seronegative recipients

receiving a renal allograft from a CMV seropositive

donor were at risk for renal allograft loss resulting from

acute rejection, but that it was not associated with

poorer renal allograft function measured at three years

after transplantation [30].

Another aim of this study was to determine the influ-

ence of pCMV infection on the presence of IF/TA in

Table 5. Logistic regression analysis for the influence of primary CMV infection on the presence of IF/TA in renal
allograft biopsies

Unadjusted* Adjusted†

OR (95% CI) P value OR (95% CI) P value

Biopsies taken between 6 and 12 months
No pCMV 1.00 [reference] 1.00 [reference]
Yes pCMV 3.08 (1.06–8.94) 0.04 1.93 (0.50–7.46) 0.34

Biopsies taken between 13 and 24 months
No pCMV 1.00 [reference] 1.00 [reference]
Yes pCMV 1.69 (0.52–5.49) 0.38 1.78 (0.30–10.68) 0.53

All biopsies (between 6 and 24 months)
No pCMV 1.00 [reference] 1.00 [reference]
Yes pCMV 2.30 (1.06–4.97) 0.03 2.15 (0.73–6.29) 0.16

*Unadjusted model: association between experiencing primary CMV infection (pCMV) and the presence of IF/TA in renal
biopsy specimen.
†Adjusted for age of the donor, acute rejection and CMV prophylaxis.
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renal allografts biopsies. We did not observe an associa-

tion between pCMV infection and the occurrence of IF/

TA for up to 2 years following transplantation. It

should be noticed that in our study population none of

the available perioperative biopsies showed IF/TA,

except for one specimen, excluding that observed histo-

logical outcomes were influenced by pre-existing differ-

ences. Since the time span between the event of pCMV

infection and the moment of biopsy was variable, we

additionally determined whether this influenced the

presence of IF/TA, which was not the case.

Until now, only few studies have evaluated the influ-

ence of CMV infection on renal allograft histology

among humans [6,12,14,15]. Moreover, histology data

on this topic are mostly available until six months after

transplantation. In agreement with our data, Helantera

et al demonstrated that symptomatic CMV infection

was not associated with increased vascular or other

histopathological changes in six-month protocol biopsy

specimens [15]. Erdbrugger et.al. observed that IF/TA

was not increased prevalent in patients with CMV infec-

tion, defined as detectable viremia irrespective of clinical

symptoms. [6]. In contrast, in two other studies, an

association between CMV infection and increased IF/TA

was observed. The first study showed that CMV viremia

(≥2000 copies/ml) was associated with increased risk of

IF/TA in protocol biopsies at three months after trans-

plantation [14]. However, these same authors did not

observe an impact of CMV DNAemia on the incidence

of moderate-to-severe IF/TA in protocol biopsies at

36 months [32]. In another study, increased fibrosis was

observed in 6-month protocol biopsies from patients

with previous CMV infection [16]. Interpretation of an

association between CMV infection and an increase in

histological abnormalities in previously published stud-

ies is complicated by the absence of reference biopsies

taken at the moment of transplantation. Moreover,

comparison of these previously published histological

studies is hampered by differences in definitions of

CMV infection.

Hence, the strength of our study is its setup. By com-

paring the pCMV infection group to the CMV seroneg-

ative group, bias caused by the influence of CMV

latency and/or asymptomatic CMV reactivation on renal

allograft outcome was excluded. Moreover, the time

point of pCMV infection after transplantation was accu-

rately determined by frequent CMV-PCR monitoring.

A noteworthy limitation of our study is that we can-

not make any statement on the influence of asymp-

tomatic viremia following pCMV infection, because

nearly all our patients were symptomatic. The same

holds true for the influence of chronic asymptomatic

CMV reactivation on the functional and histological

outcome of the renal allograft since this research ques-

tion did not fit within the scope of our study. Reischig

et al. [32] showed that a low viral load (<2000 copies/

ml) may not be harmful for transplant outcomes, but

that renal transplant recipients with a load of ≥ 2000

copies/ml in the first year after transplantation, irrespec-

tive of the time of onset, were at increased risk for graft

loss at 4 years after transplantation. Next, our study was

not designed to examine the relationship between

antiviral prophylaxis and graft outcome. Other studies

have been published on that subject: several meta-analy-

ses concluded that CMV prophylaxis prevents CMV

infection, symptomatic CMV disease and CMV-associ-

ated mortality. However, it did not reduce the risk for

developing acute rejection or graft loss [2,34,35]. We

observed a slightly lower incidence of acute rejection in

the prophylaxis group (P = 0.02) as shown in Table S1.

Another limitation of our study is the limited num-

ber of available biopsies. However, re-analysis of the

data from the separate group of patients from whom

biopsies was available showed comparable baseline char-

acteristics and eGFR (MDRD) outcome.

In conclusion, our study demonstrates that pCMV

infection occurring after renal transplantation could not

be proven to increase the risk for subsequent acute

rejection episodes or allograft loss. However, having

experienced both pCMV infection and acute rejection

increased the risk of allograft loss considerably as com-

pared to the risk exerted by acute rejection only. pCMV

infection did not seem to contribute to functional

impairment of the remaining functioning grafts in the

first three years after transplantation. Finally, no associ-

ation was observed between pCMV infection and the

presence of chronic allograft damage, as measured by

IF/TA up to 24 months after transplantation.
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