CMV, EBV, JCV and BKYV infection and outcome following kidney
transplantation in children initiated on a corticosteroid-minimisation

immunosuppressive regimen

James McCaffrey! Vijesh J. Bhute?, Mohan Shenoy?

1. Department of Histopathology, Addenbrooke's Hospital, Cambridge University
Hospitals NHS Foundation Trust, Cambridge, UK. 2. Department of Chemical
Engineering, Imperial College London, South Kensington Campus, London SW7
2AZ, U.K. 3. Department of Paediatric Nephrology, Royal Manchester Children's
Hospital, Manchester University Hospitals NHS Foundation Trust, Manchester

Academic Health Science Centre, Manchester, UK.

Corresponding author:
Dr Mohan Shenoy

Royal Manchester Children's Hospital, Manchester University Hospitals NHS

Foundation Trust, Manchester, UK.

Email: mohan.shenoy@mft.nhs.uk

Keywords

CMV viraemia; JCV viraemia; EBV viraemia; BKV viraemia; Paediatric kidney

transplantation; Immunosuppression



Declarations

Funding: The study was supported by a Jean Shanks/Pathological Society Clinical

Lecturer Grant (Grant reference: JSPS CLG 2019 02) (awarded to JM).
Conflicts of interest/Competing interests: None

Ethics approval (include appropriate approvals or waivers): The study was assessed
by the RMCH Research and Development Department at the time of study inception.
It was confirmed that formal ethical approval was not required for this casenote review

study. No patient identifiable data was recorded.

Consent to participate (include appropriate statements): Not applicable
Consent for publication (include appropriate statements): Not applicable
Avalilability of data and material (data transparency): Not applicable
Code availability (software application or custom code): Not applicable

Authors' contributions: JM and MS designed the study. JM and VB analysed data. All

authors contributed to the preparation of the manuscript.



Abstract

Background

Modern immunosuppressive regimens in paediatric kidney transplant recipients have
contributed to improved long-term allograft survival, but at the expense of an increased
incidence of viral infections. Here we describe, for the first time, the incidence, risk
factors and clinical outcome of CMV, EBV, BKV and JCV viraemia in a cohort of
paediatric allograft recipients treated with a corticosteroid-minimisation

immunosuppressive regimen (CMR).

Methods

We retrospectively analysed 98 children treated with a CMR (basiliximab induction,
corticosteroids until day 4, long-term tacrolimus and mycophenolate mofetil), who

received a kidney transplant in our centre between 2009 — 20109.

Results

Over the first 4 years post-transplant the incidences of viraemia were as follows: CMV
- 25.5%, EBV - 52.0%, JCV — 16.3%, BKV - 26.5%. Younger children at time of

transplant were more likely to develop EBV and BKV viraemia. EBV viraemia was also



associated with a regimen involving corticosteroids, but lacking MMF. Recipient CMV
serology predicted the development of EBV, BKV and CMV viraemia. 56% of CMV
viraemia episodes in high-risk patients occurred whilst the graft recipients were still
receiving anti-viral prophylaxis or within 3 months of cessation. There was no

difference in graft function at latest follow up between those with and without viraemia.

Conclusions

Judicious monitoring of viraemia, coupled with timely clinical intervention can result in
similar long-term outcomes for graft recipients compared to controls. The high
incidence of CMV viraemia observed within a short period of cessation of anti-viral
prophylaxis supports an extension of the length of prophylactic treatment in high risk

allograft recipients.



Introduction

Outcomes following paediatric kidney transplantation have improved markedly over
the previous 3 decades, with current 5-year allograft survival rates of 90 — 95%. [1]
Reductions in the rate of graft loss have been achieved through improvements in
human leucocyte antigen (HLA) matching, changes in immunosuppression, and a
reduction in cold ischaemia time. [2] The introduction of newer immunosuppressive
agents has resulted in a reduction in the incidence of acute allograft rejection, but
exacerbated the problem of post-transplant infections, with the number of hospital
admissions related to infection in paediatric kidney transplant recipients now being

approximately double those caused by acute rejection. [3]

Data from the Cooperative European Paediatric Renal Transplant Initiative
(CERTAIN) registry demonstrated that 31/157 (19.7%) paediatric kidney transplant
recipients (predominantly receiving an immunosuppressive regimen including
corticosteroids), experienced cytomegalovirus (CMV) replication within 3 years post-
transplant. [4] CMV replication was associated with a more pronounced reduction in
allograft function compared to patients without CMV replication. Another study
involving 51 paediatric kidney transplant recipients receiving a corticosteroid-free
immunosuppressive regimen and 51 children receiving a corticosteroid-based
regimen reported 12.7% patients experienced CMV viraemia (11.7% in children
receiving a corticosteroid-free regimen vs. 13.7% in children receiving a corticosteroid-
based regimen). No episodes of viraemia were detected beyond 36 months post-

transplant. Patients with viraemia experienced poorer graft function at latest follow-up.



[5]

In a single centre study involving 166 children following kidney transplant, 50% of
those who were Epstein Barr virus (EBV) seronegative at time of transplant developed
primary EBV infection, and EBV reactivation was observed in 16%. There was no
evidence of an increased incidence of graft loss or poorer graft function is those with
EBV viraemia. Post-transplant lymphoproliferative disorder (PTLD) was seen in 2
patients, one of whom died. [6] Data from the North American Pediatric Renal Trials
and Collaborative Studies Report (NAPRTCS) registry, involving 645 paediatric kidney
transplant recipients, reported 13.2% patients developed persistent EBV infection at a
mean of 6.4 months post-transplant. EBV infection was not associated with poorer

graft function. [7]

Active replication of BK virus (BKV) in kidney transplant recipients can lead to BK
virus-associated nephropathy (BKN) and associated graft dysfunction and loss. A
study involving data from 313 paediatric transplant recipients from the CERTAIN
registry, reported 37% patients experienced BKV viraemia and biopsy-proven BKN
occurred in 5%. 14% patients experienced a persistent decline in graft function

following biopsy-proven BKN. [8]

JC virus (JCV) is more commonly seen as a cause of progressive multifocal
leukoencephalopathy, but has rarely been implicated as a cause of nephropathy. [9]
In a study of 139 paediatric kidney transplant recipients from the CERTAIN registry,

JC viraemia was identified in 12% of patients and 1 study participant (0.7%) developed



JC virus-associated nephropathy. [10]

The previous decade has seen an increased use of corticosteroid-minimisation
immunosuppressive protocols in children following kidney transplant, [1] with the aim
of improving growth outcomes and reducing other unwanted corticosteroid-associated
effects. To the best of our knowledge, there is no medium- and long-term data
regarding the incidence and outcome of CMV, EBV, BKV and JCV infection in children
initiated on a corticosteroid-minimisation immunosuppressive regimen. Here, we
aimed to study the incidence, outcome, risk factors of CMV, EBV, JCV and BKYV in
paediatric kidney transplant recipients initiated on a corticosteroid-minimisation

immunosuppressive regimen. [11, 12]



Methods

Study design

This is a retrospective cohort analysis of patients receiving a kidney transplant at the
Royal Manchester Children’s Hospital (UK). Case notes were reviewed from June
2009 to January 2019 and patients who met the following requirements were included
in the study: i) Aged <19 years at time of transplantation; ii) a minimum of 12 months
follow-up data; and iii) treated with the ‘Trial to Assess the Impact of Early Steroid
Withdrawal on Growth in Paediatric Renal Transplantation’ (TWIST) protocol. [11] For
patients who received more than one transplant, the most recent graft was evaluated.

[10]

Clinical and serological data from the time of transplant to latest follow up were
evaluated from case notes. Estimated glomerular filtration rate (eGFR) of patients
younger than 18 years was calculated using the revised Schwartz formula. [13] eGFR
of patients older than 18 years was calculated using the Modification of Diet in Renal
Disease (MDRD) Study equation. [14] All plasma CMV, EBV, BKV and JCV
guantification results were recorded. The study protocol was reviewed by the Clinical
Trial Management Department (Manchester University NHS Foundation Trust) who
waived ethical approval for this study involving the retrospective collection of
anonymised data. They concluded that informed consent was not required from study
participants. The study was performed in accordance with Manchester University NHS

Foundation Trust guidelines. No patient identifiable data was recorded.



Viral surveillance and immunosuppression regimen

Plasma monitoring for CMV, EBV, BKV and JCV infection is performed in all kidney
transplant recipients, every month during the first year post-transplantation and on an
annual basis thereafter using a TagMan PCR-based approach. Monitoring is

performed more frequently at the treating clinician’s discretion.

Kidney biopsies were performed if a graft recipient recorded a >15% rise in plasma
creatinine once infection, obstruction and drug toxicity had been excluded. Biopsy
proven acute rejection (BPAR) was diagnosed by a pathologist according to the
respective most recent Banff classification. [15] Children at high risk of CMV viraemia
[donor IgG positive and recipient IgG negative (D+R-)] receive a once daily oral dose

of valganciclovir for 3 months following transplantation.

Treatment of EBV viraemia with rituximab was considered when a plasma viral load
>log 4.5 was recorded despite discontinuing mycophenolate mofetil (MMF) and aiming

for target tacrolimus levels of 3-5 pg/L.

All graft recipients in the study were initiated on the corticosteroid-sparing TWIST
protocol. [11] Briefly, this involves induction therapy with the interleukin 2 receptor
monoclonal antibody antagonist, basiliximab, on day 0 and day 4 post transplantation,
coupled with a rapidly weaning course of prednisolone, which is discontinued on day
5. Long-term immunosuppression is provided by tacrolimus and MMF. Target plasma

trough levels of tacrolimus were 8—-12 ug/L for weeks 1-3 post-transplant and 5-8 ug/L



later than 3 weeks post-transplant. MMF target dosing was 600 mg/m? twice daily
during the first 2 weeks post-transplant and 300 mg/m? twice daily after this period.

Mycophenolic acid blood monitoring was not performed.

The net immunosuppressive load at different time points for each patient was
guantified using the paediatric Vasudev score. [16] This score provides an estimation
of the overall immunosuppressive load by integrating the immunosuppressant types,

doses and body surface area of each patient.

Treatment of viraemia

In children with high-level EBV, BKV and JCV viraemia, MMF dose was reduced by
50% in the first instance and if there was no improvement, target tacrolimus trough
level of 3-5 mcg/L was aimed for. In children with continued high level viraemia, MMF
is discontinued and children commenced on prednisolone 5 mg alternate days along
with tacrolimus (target trough levels 3-5 mcg/L). CMV viraemia is treated with

valganciclovir for 21 days and then prophylaxis for a further 4-6 weeks.

EBV viraemia with viral load of log 4.5 despite above measures is treated with

rituximab 375mg/m? as a single dose.

Definitions

High-level CMV viraemia was defined as episodes where at least one plasma reading

of >3,000 copies/mL was recorded. [17] High-level EBV viraemia was defined as



episodes where at least one plasma reading of >4,000 copies/mL was recorded. [18]
High-level JCV and BKYV viraemia was defined as episodes where at least one plasma

reading of >10,000 copies/mL was recorded. [10]

The length of viraemia for each episode was defined as the length of time from the
first positive plasma viraemia result until plasma levels were again undetectable. Graft
failure was defined as the requirement to return to dialysis after the first week post-

transplantation.

Kidney function

To assess kidney function at latest follow-up, graft recipients who had experienced
CMV, EBV, JCV or BKV viraemia were compared to graft recipients who had not

developed that specific viraemia.

Statistical analysis

Univariate analysis of risk factors was performed using Fisher's exact test squared
test for correlation (for categorical variables) and the non-parametric Mann—Whitney

U test (for quantitative variables).



Multinomial analysis

A multinomial logistic regression analysis was performed to identify factors/covariates
which can predict the development of different viraemias. The model was restricted to
two factors/covariates to avoid overfitting owing to small population size. The different
factors and covariates which were tested for the model were age at transplant, cold
ischemia time, gender, ethnicity, source of allograft (living/cadaveric), cold ischemia
time, steroids at latest follow up, MMF at latest follow up, BPAR, CMV serology: D-R-
, D+R-, D-R+, D+R+, HLA mismatch: HLA-A, HLA-B, HLA-DR. The models where both
factors had significant contribution to the model (p<0.05) were further selected for

analysis.



Results

Study population

A total of 98 graft recipients met the requirements for inclusion in the study, with a
mean follow-up time of 53.2 months (Table 1). 86 graft recipients were excluded from
inclusion in the study for the following reasons: follow-up care provided at another
centre (71/86, 82.6%) ; allograft loss within the first year post-transplant [ 10/86, 11.6%
(thrombosis in 4 children, primary disease recurrence in 4 children, haemorrhage in 2
children) ]; use of a non-TWIST immunosuppressive protocol as the child received a

HLA- or ABO- incompatible allograft (5/86, 5.8%).

The mean age at transplantation of graft recipients in the cohort was 10.8 years (range
2.6 — 18.3). There were 7 graft failures (mean time post-transplant: 44.0 months, range
18-70). The causes of the graft failures were as follows: donor specific antibody-
positive chronic antibody mediated rejection (n=4), chronic allograft nephropathy

(n=2), primary disease recurrence (IgA nephropathy) (n=1).

There were 2 deaths in the cohort: one graft recipient with methylmalonic academia
died 14 months post-transplant from acute pancreatitis, encephalopathy and
pneumonia; another graft recipient with mosaic variegated aneuploidy died 49 months

post-transplant from acute lymphoblastic leukaemia.

All 98 children included in the study were initiated on the corticosteroid-minimisation

immunosuppressive  TWIST protocols. 41/98 (41.8%) children were receiving



corticosteroids as part of their inmunosuppressive regimen at latest follow-up. In the
41 graft recipients who were receiving corticosteroids at latest follow-up, the mean
(median) time post-transplant at which corticosteroids were added to their

immunosuppressive regimen was 14.3 months (8).

The three most common reasons for altering the immunosuppressive regimen were
MMF intolerance (44.4% of protocol deviations), acute rejection (22.2%) and
tacrolimus intolerance (15.6%). The immunosuppressive regimens of all graft
recipients at latest follow up, and reasons for protocol deviations, are shown in Online

Resource 1.

Incidence of viraemia

25/98 (25.5%) graft recipients experienced CMV viraemia within the first 4 years
post-transplant (42 episodes), with 10/42 (23.8%) episodes classified as high-level

viraemia.

51/98 (52.0%) graft recipients experienced EBV viraemia within the first 4 years
post-transplant (104 episodes), with 15/104 (14.4%) episodes classified as high-level

viraemia.

16/98 (16.3%) graft recipients experienced JCV viraemia within the first 4 years post-
transplant (24 episodes), with 3/24 (12.5%) episodes classified as high-level

viraemia.



26/98 (26.5%) graft recipients experienced BKV viraemia within the first 4 years
post-transplant (33 episodes), with 7/33 (21.2%) episodes classified as high-level

viraemia/ biopsy-proven BKN.

In the 53 graft recipients who were still receiving the TWIST regimen (tacrolimus and
MMF dual-therapy) at latest follow up, the incidences of viremia were as follows:

CMV 11/53 (20.8%), EBV 22/53 (41.5%), JCV 8/53 (15.1%), BKV 12/53 (22.6%).

To understand the incidence of viral infections in different age groups, we divided the
study cohort into 3 groups based on the age of graft recipients at time of transplant
(2 -7 years, 7 — 12 years, and > 12 years old). The incidence of EBV, JCV and BKV
viraemia was highest in graft recipients aged 2 — 7 years old at time of transplant ;
the incidence of CMV viraemia was highest in those aged 7 — 12 years at time of

transplant (Online Resource 2).

The mean length and peak viral load of viraemia episodes are shown in Online

Resource 3.

Timing of viraemia episodes

29/42 (69.0%) of CMV viraemia episodes occurred within the first year post-
transplant. 9/10 (90.0%) episodes of high-level CMV viraemia occurred within 12

months post-transplant.



52/104 (50.0%) of EBV viraemia episodes occurred within the first year post-
transplant. 10/15 (66.7%) episodes of high-level EBV viraemia occurred within 12

months post-transplant.

14/24 (58.3%) of JCV viraemia episodes occurred within the first year post-
transplant. 2/3 (66.79%) episodes of high-level JCV viraemia occurred within 12

months post-transplant.

22/33 (66.7%) of BKV viraemia episodes occurred within the first year post-
transplant. 5/7 (71.4%) of episodes of high-level BKV viraemia / biopsy-proven BKN

occurred within 12 months post-transplant.

The annual incidence and temporal distribution of CMV, EBV, JCV and BKV

viraemia is shown in Fig. 1.

Risk factors for the development of viraemia

Univariate analysis was performed to assess potential risk factors for the
development of CMV, EBV, JCV and BKYV viraemia (Online Resources 4 - 11). Graft
recipients who developed CMV viraemia were less likely to be of a White British

ethnic background [51/73 (69.9%) of graft recipients without CMV viraemia were



White British vs. 11/25 (44.0%) of those with CMV viraemia, p = 0.030] (Online
Resource 4). No individual ethnic background group was overrepresented amongst
graft recipients with CMV viraemia (Online Resource 12). Graft recipients who
developed CMV viraemia were more likely to have recorded a CMV D+R- serostatus
at time transplantation than controls [13/25 (52.0%) vs. 11/73 (15.1%), p = 0.0007),
and received their graft from donor with CMV+ serostatus [17/25 (68.0%) vs. 18/73
(24.7%), p = 0.0002). Patients who developed CMV viraemia were less likely to have

recorded D-R- serostatus than controls [ 3/25 (12.0%) vs. 42/73 (57.5%), p <0.0001).

Graft recipients who developed EBV viraemia were younger at time of
transplantation than controls (mean 8.8 vs. 12.9 years, p < 0.0001). Graft recipients
who experienced EBV viraemia were also more likely to be receiving corticosteroids
as a component of their immunosuppressive regimen at latest follow-up [ 27/51
(52.9%) vs. 14/47 (29.8%), p = 0.025 ] and less likely to be prescribed MMF at latest

follow-up [ 30/51 (58.8%) vs. 40/47 (85.1%), p = 0.007] (Online Resource 5).

Patients who developed EBV viraemia were less likely to have recorded D+R+ CMV
serostatus than controls [ 2/51 (3.9% vs. 9/47 (19.1%), p = 0.002), and less likely to
have recorded R+ CMV serostatus [ 10/51 (19.6%) vs. 19/47 (40.4%), p = 0.047).
There was no difference in the pre-transplant EBV serostatus of graft recipients who
developed EBV viraemia (of any level) and those without EBV viraemia (Online
Resource 13). A numerically higher proportion of graft recipients who developed

high-level EBV viraemia were EBV IgG — at time of transplant compared to those



without high-level EBV viraemia [ 9/14 (64.3%) vs. 33/84 (39.3%) ] but this was not

statistically significant (p = 0.090).

A larger proportion of graft recipients who developed JCV viraemia had one or more
HLA-B mismatches than controls [15/16 (93.8%) vs. 55/81 (67.9%), p = 0.036)

(Online Resource 10).

Graft recipients with BKV viraemia were younger at time of transplantation than
those without BKV viraemia (mean 8.9 vs. 11.4 years, p = 0.028) (Online Resource
7). Allografts transplanted into recipients who subsequently developed BKV viraemia
underwent a shorter mean cold ischaemia time (mean 190.4 vs. 377.2 minutes, p =
0.004). A smaller proportion of graft recipients who developed BKV viraemia
recorded D-R+ CMV serology [1/26 (3.8%) vs. 17/72 (23.6%), p = 0.036) and R+

serology [3/26 (11.5%) vs. 26/72 (36.1%)].

No differences between cohort subgroups were identified for the following
characteristics: sex, frequency of BPAR, allograft donor (living/deceased), rate of

graft failure or death.

Multinomial logistic regression analysis of risk factors for development of viraemia



Multinomial logistic regression analysis confirmed the univariate analysis findings of
D+R- serology and ethnicity being predictive of the development of CMV viraemia.
This analysis also confirmed that age at transplant and use of MMF at latest follow
up were predictive of EBV viraemia. D+R- CMV serology and use of corticosteroids
at latest follow up was associated with the development of EBV viraemia. D-R- and
D+R- CMV serology was predictive of BKV viraemia. No significant model was

identified for the development of JCV viraemia (Table 2).

Multiple viraemias

We divided graft recipients into the following categories: those without any viraemia,
those with only one type of viraemia, and those with two, three or four types of

viraemia (with the four types of viraemia being CMV, EBV, JC and BK) (Fig. 2a).

We aimed to identify risk factors which were associated with increasing risk of
developing more than one type of viraemia (Online Resource 14). This analysis
showed that graft recipients with D+R- CMV serostatus were overrepresented in the
sub-cohort of patients who developed more than one type of viraemia (Fig. 2b). This
suggests a correlation between the likelihood of developing more than one type of

viraemia in graft recipients and D+R- CMV serostatus.

The proportion of male graft recipients (67.4%) was more than twice that of females
(32.7%) in the study cohort. Additionally, the incidence of viraemia (of any type) was

similar in male graft recipients (66.7%) and female recipients (68.8%). However,



female graft recipients represented more than half of the study subjects with two
types of viraemia, whilst male patients were more likely to develop more than two

types of viraemia (Online Resource 14 and Fig. 2c).

Immunosuppression

The net level of immunosuppression was higher in graft recipients at the time of
onset of CMV viraemia (6.8 paediatric Vasudev units vs. 5.6, p = 0.013) and BK
viraemia (6.4 vs. 5.5, p = 0.039) compared to those without CMV and BK viraemia,
respectively. There was no difference in the level of immunosuppression between

graft recipients at the time of onset of EBV or JC viraemia and controls (Table 3).

Treatment of high-level viraemia

Treatment with oral valganciclovir (7 graft recipients) or intravenous ganciclovir (2
graft recipients) led to resolution of CMV viraemia in all graft recipients with high-

level CMV viraemia.

High-level EBV viraemia elicited a reduction in immunosuppressive therapy in
12/15 (80.0%) graft recipients (Online Resource 15). 3/15 (20.0%) graft recipients
required treatment with rituximab. 2/3 (66.7%) graft recipients requiring treatment

with rituximab developed EBV viraemia within the first year post-transplant, and each



received one infusion each. The other child who received rituximab experienced 2
EBYV viraemia episodes: the first episode began 14 months post-transplant (1
rituximab infusion administered) and the second episode began 31 months post-
transplant (2 further rituximab infusions required). The median EBV viral load of graft
recipients at time of administration of rituximab was 48,635 copies/mL (range 14,584

— 58,081).

All 3 episodes of high-level JC viraemia elicited a reduction in immunosuppressive
therapy (Online Resource 16). All 7 episodes of BK high-level viraemia elicited a

reduction in immunosuppressive therapy (Online Resource 17).

CMV prophylaxis

25 graft recipients received valganciclovir prophylaxis in the immediate post-
transplant period (24 D+R- ; 1 D-R+). The graft recipient with D-R+ serostatus was
undergoing their second kidney transplant following recurrence of steroid-resistant

nephrotic syndrome and treatment with plasma exchange.

Amongst the 25 graft recipients who received prophylactic valganciclovir in the
immediate post-transplant period, there were 25 episodes of CMV viraemia affecting

13/25 (52.0%) graft recipients.



14/25 (56.0%) episodes of CMV viraemia in this sub-cohort occurred either whilst
patients were receiving prophylactic valganciclovir therapy or within 3 months of
cessation of prophylactic valganciclovir therapy. 5/25 (20.0%) of these episodes
occurred whilst the graft recipients were still receiving prophylactic valganciclovir. A
further 9/25 (36.0%) episodes of CMV viraemia occurred within 3 months of

cessation of prophylactic valganciclovir therapy.

Graft recipient outcome

There was no difference in rates of BPAR, graft failure or death between those with
CMV, EBV, JC or BK viraemia and controls (Online Resources 4 - 7). There was no
difference in graft function at latest follow-up between graft recipient groups (Online

Resources 1 — 4 and 18). There were no cases of PTLD.

Relationship of viraemias

32/98 (32.6%) graft recipients did not experience CMV, EBV, JCV or BKV viraemia
during the study period (Fig. 3). 22/25 (88.0%) graft recipients with CMV viraemia
also experienced another viral infection. 31/51 (60.8%) graft recipients with EBV
viraemia experienced another viral infection. 14/16 (87.5%) graft recipients with JC
viraemia also experienced another viral infection. 21/26 (80.8%) graft recipients with

BK viraemia also experienced another viral infection.



Graft recipients who experienced CMV viraemia were more likely to also experience
JCV viraemia compared to those without CMV viraemia (p=0.025). No other

significant association between different viraemias was identified.



Discussion

The salient findings of this study investigating 98 paediatric kidney transplant
recipients treated with a corticosteroid-minimisation immunosuppressive regimen are
as follows: i) 67.3% of graft recipients experienced CMV, EBV, JC or BK viraemia
within 4 years of their transplant ; ii) the highest incidence of viraemia was in first
year post-transplant ; iii) viral infection was not associated with poorer graft function
at latest follow up ; iv) younger patients at time of transplant were more likely to
develop EBV and BK viraemia ; v) pre-transplant R- CMV serology was associated
with the development of EBV and BK viraemia ; vi) pre-transplant D+ serology was
associated with the development of CMV viraemia ; vii) patients who developed EBV
viraemia were more likely to be receiving an immunosuppressive regimen including
corticosteroids, but excluding MMF ; viii) CMV and BKYV infection were associated
with a higher net immunosuppressive load at the time of viraemia development ; ix)
56% of episodes of CMV viraemia in high-risk patients receiving anti-viral
prophylaxis occurred whilst patients were still receiving valganciclovir or within 3

months of cessation.

The incidence of CMV viraemia in our cohort in the first year post-transplant (19.4%)
was similar to that reported in a study of 242 paediatric transplant recipients (14.5%),
95% of whom were receiving a corticosteroid-based immunosuppressive regimen.
[4] A study from Canada reported that 23% of D+R- paediatric transplant recipients
treated with anti-viral medication for 3 months post-transplant experienced CMV

viraemia within 3 months of cessation of anti-viral prophylaxis. [19] Our data similarly



demonstrates a high incidence of CMV infection after cessation of anti-viral
prophylaxis and reports some patients developed CMV viraemia whilst still receiving
valganciclovir. A randomized controlled trial in D+R- adult kidney transplant
recipients compared an extended 200 day course of post-transplant valganciclovir to
the standard 100 day course. They found a lower incidence of CMV viraemia (37%
vs. 51%) and CMV disease (16% vs. 37%) in those treated with the extended
regimen.[20] A randomised controlled trial will be required to understand the optimal
duration of anti-CMV prophylaxis in high risk paediatric transplant recipients.
However, our data demonstrates that the current strategy is inadequate, and
extension of antiviral prophylaxis beyond 3 months, or more intense monitoring,

should be considered.

Our finding of an increased incidence of CMV infection amongst graft recipients from
a non-White British ethnic background is in agreement with a study from Northern
England which demonstrated that White British children were less likely to be
infected with CMV by the age of 2 years than those from a Pakistani background.[21]
The authors postulate that these differences may arise from genetic variation
between populations: for example, prevalence of deletion at the NKG2C gene locus,
coding for a c-type lectin-like receptor, varies according to ethnic background, and

alters the natural killer cell response to CMV infection.[22]

A study from America reported an incidence of EBV viraemia of 57% within 3 years
of transplantation in a cohort of paediatric kidney transplant recipients treated with a

corticosteroid-based immunosuppressive regimen, which is similar to the incidence



observed in our cohort (52.0%). [5] In agreement with our data, corticosteroid-use

and younger age at transplant were identified as risk factors for EBV viraemia.

In our cohort, 26.5% of graft recipients experienced BK viraemia within the first 4
years post-transplant compared to an incidence of 36.7% in a recent large study
from the CERTAIN registry involving 311 paediatric kidney transplant recipients,
98.1% of whom were receiving a corticosteroid-based immunosuppressive regimen
(median follow up period 3.3 years). [8] Our findings support the association the
authors demonstrated between the development of BK viraemia and an increased
level of immunosuppression and younger recipient age at time of transplant. No

allograft losses due to BKN were recorded in this study.

Another study from the CERTAIN registry reported that 12.1% paediatric transplant
recipients, predominantly receiving a corticosteroid-based immunosuppressive
regimen, experienced JC viraemia, compared to 16.3% in our study cohort. [10] The
authors found that JC viraemia was associated with a higher net state of
immunosuppression. We found that graft recipients with JC viraemia recorded a
higher paediatric Vasudev score than controls (6.5 vs. 5.5 units), but this was not
statistically significant (p = 0.991). We do, however, report an association between

JC viraemia and increased HLA-B mismatches.

We found that graft recipients with negative pre-transplant CMV serology were more
likely to develop EBV and BK viraemia. The reasons for this are not entirely clear.

CMV, EBV and BK seropositivity rapidly increases with age during childhood and



adolescence. [23-25] In the case of BK viraemia, it is therefore possible that
seronegative CMV individuals were more likely to also be BK seronegative, and
therefore at heightened risk of uncontrolled viral replication during primary BK
infection, ie, CMV negative serostatus may be a surrogate marker for BK negative
serostatus. Unfortunately, due to the retrospective nature of the study, this

conjecture cannot be confirmed.

However, from our data, we know that CMV seronegative serostatus at time of
transplant is not a surrogate marker for EBV seronegative status: a significantly
higher proportion of graft recipients in the cohort were CMV IgG— compared to those
who were EBV IgG- [ 69/98 (70.4%) vs. 42/98 (42.9%), p = 0.0002 ]. One possible
explanation is that a large proportion of CMV seronegative graft recipients received
valganciclovir prophylaxis, and this anti-viral agent may increase the risk of EBV
infection in a similar manner to which it may increase the risk of BK virus infection in
the adult population.[26] However, existing data regarding the use of valganciclovir
for reducing the incidence of EBV is conflicting. A multicentre trial involving 114
paediatric kidney transplant recipients treated with valganciclovir showed a
significantly decreased incidence of EBV primary infection, [27] but this finding was

not replicated in a more recent study. [28]

In a large study analysing 3715 serum samples from 540 adult kidney transplant
recipients, it was reported that CMV reactivation was significantly associated with BK
and EBV viraemia, and there was no association between BK and EBV infection.[29]

However, this findings was not replicated in a study of paediatric transplant



recipients, in which no association between CMV and EBV viraemia was
demonstrated. [5] We found no evidence of a significant association between the risk

of CMV and EBV viraemia.

The mean time of viraemia onset post-transplant was later for EBV viraemia (432
days) compared to CMV viraemia (325 days) in the current study. However, as only
one-third of the graft recipients who developed EBV viraemia also developed CMV
viraemia, it is unlikely that the association between CMV seronegative status and
subsequent EBV infection is some indirect result of CMV reactivation in the interim.
Confirming the association between recipient CMV seronegative status subsequent
BK/EBYV infection, and elucidating a potential mechanism, would require a large
prospective trial involving immunological evaluation of samples, which is beyond the

scope of the current study.

A numerically larger proportion of graft recipients who subsequently developed high-
level viraemia were EBV IgG- at time of transplant compared to those without high-
level EBV viraemia, although this was not statistically significant (p = 0.090). While
we found CMV serology was a predictor of subsequent CMV viraemia (of all levels),
EBYV serostatus at time of transplant was not predictive of EBV viraemia (of all
levels). A much larger proportion of our cohort was CMV-naive at the time of
transplant (70.4%) compared to those who were EBV-naive (42.9%). Interestingly, a
prospective study involving 102 paediatric kidney transplants found no association
between recipient CMV serostatus and the risk of subsequent CMV viraemia. [5]

39.2% of graft recipients in this study were CMV-naive (similar to the proportion of



EBV-naive subjects in our cohort). Although the reasons for the poor predictive value
of pre-transplant EBV serology for subsequent EBV viraemia (and good predictive
value of CMV serology for CMV viraemia) are unclear, the above observations raise
the possibility that viral serology may have better predictive value when a larger
proportion of a paediatric population is virus-naive at time of kidney transplantation
(and subsequent viraemia episodes represent primary infection rather than viral

reactivation).

No consistent association between the sex of graft recipients and CMV, EBV, JCV or
BKYV infection has been demonstrated [9] : in our cohort, we found that female graft
recipients were more likely to develop two types of viraemia, whilst male patients

were more likely to develop three or more types of viraemia.

Limitations of the current study include the relatively small number of study subjects
included in comparison to multi-centre investigations. A prospective approach would
have allowed collection of biological samples, which would have enabled, for
example, an analysis of recipient BK serostatus at time of transplant to be

performed.

In summary, we demonstrate that viral infection is common in paediatric kidney
transplant recipients treated with a corticosteroid-minimisation immunosuppressive
regimen, but judicious treatment of viraemia episodes can result in good long-term
graft function, without an increased risk of acute rejection. The current CMV

prophylaxis regimen is sub-optimal and further research is warranted to investigate



the potential benefits of prolonging the duration of anti-viral therapy after

transplantation in high-risk individuals.
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Tables

Table 1 Cohort characteristics

Patient cohort (n=98)

Characteristic Proportion Mean

(%) (SEM)
Female 32/98
(32.7)
Male 66/98
(67.3)

Age at transplant (years) 10.8

(0.5)
Ethnicity: White British* 62/98
(63.3)
Living transplant donor 59/98
(60.2)

Cold ischaemia time (minutes) 325.9

(39.1)
D+ R- 24/98
” (24.5)
% D+ R+ 11/98
7 (11.2)
> D- R- 45/98
3 (45.9)
D- R+ 18/98
(18.4)
Corticosteroids part of regimen at 41/98
latest follow up (41.8)
MMF part of regimen at latest 70/98
follow up (71.4)
BPAR 27/98
(27.6)

Gratft failure 7/98 (7.1)
Death 2/98 (2.0)

Length of follow up (months) 53.2

(2.9)

eGFR at latest follow up 63.3

(2.9)

D = CMV status of transplant donor; R = CMV status of transplant recipient ; BPAR = biopsy proven
acute rejection ; SEM= Standard error of the mean ; eGFR = estimated glomerular filtration rate



Table 2 Multinomial regression analysis of risk factors for development of EBV, CMV and BK
viraemia.

Model p value of p value
Factor reduced of final OR® 95% CI° p value
target
model? model?
CMV D+R-¢ 0.00026 0.00009 0.142 0.048-0.420 | 0.00041
positive Ethnicity 0.01461 ’ 0.282 0.099-0.799 | 0.01721
BKV D+R-¢ 0.03834 0.04365 0.231 0.053-0.999 | 0.04991
positive D-R-¢ 0.01867 ’ 0.231 0.060-0.887 | 0.03278
EBV Age at
positive: transplant 0.00047 0.00003 0.987 0.979-0.995 | 0.00092
Model 1 MMF 0.03385 3.026 1.059-8.647 | 0.03871
EBV D+R-¢ 0.03869 0.349 0.125-0.977 | 0.04498
itive: 0.00160
POSTLVe MMF 0.00408 4009 | 1.480-10.862 | 0.00632
Model 2
EBV D+R-¢ 0.03564 0.348 0.126-0.963 | 0.04217
positive: . : 0.00718
Model 3 Corticosteroid 0.02192 0.376 0.160-0.881 | 0.02428

3Log Likelihood tests ; POR: Odds Ratio ; °Cl: Confidence Interval for odds ratio ; ¢ D= donor
CMV IgG status at time of transplant, R = recipient CMV IgG serology status.



Table 3 Immunosuppression at time of viraemia onset

Level of immunosuppression in p value*
paediatric Vasudev units (SEM)
Patients without CMV viraemia? 5.56 (0.27) 0.013
Patients with CMV viraemia 6.75 (0.48)
Patients without EBV viraemia® 5.39 (0.28) 0.581
Patients with EBV viraemia 5.79 (0.33)
Patients without JC viraemia® 5.50 (0.23) 0.991
Patients with JC viraemia 6.47 (0.84)
Patients without BK viraemiad 5.52 (0.27) 0.039
Patients with BK viraemia 6.39 (0.43)

# Nonparametric Mann-Whitney U test

a Measured at mean time of CMV viraemia onset (325 days post-transplant)
b Measured at mean time of EBV viraemia onset (432 days post-transplant)
¢ Measured at mean time of JC viraemia onset (372 days post-transplant)
d Measured at mean time of BK viraemia onset (320 days post-transplant)




Figure legend

Fig. 1 Overview of viraemia episodes. a Annual incidence of high- and low- level
viraemia episodes. If a patient experienced a high- and low-level viraemia episode
within the same time period, only the high-level viraemia episode is represented.
Periods of viraemia for each graft recipient for b CMV viraemia, ¢ EBV

viraemia, d JCV viraemia, e BKV viraemia. Individual graft recipients are shown on

the y-axis. Periods of viraemia for each recipient are illustrated with a horizontal line.

Fig. 2 Multiple viraemias. a Number of graft recipients experiencing more than one
type of viral infection. b Relationship between proportion of graft recipients
experiencing more than one type of viraemia and CMV serostatus. ¢ Relationship
between proportion of graft recipients experiencing more than one type of viraemia

and sex of graft recipient.

Fig. 3 Relationship of viraemias. Each circle represents an individual graft recipient.



