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Abstract

Viral infection is a common complication among pediatric kidney transplant recipients,
causing significant morbidity and mortality. Sources of viral infection in pediatric
transplant recipients include donor allografts, blood products, and latent virus
reactivation. Major risks of viral infection include kidney donor-derived, nosocomial
and community-acquired infections as well as the immunosuppressive status of
recipients. Clinical presentations are variable, ranging from no symptoms to severe
disease. Preventive strategies such as immunization and pretransplant-specific viral
screening in both donors and recipients are performed before kidney transplantation
to identify high-risk recipients. Posttransplant prophylactic strategies include universal
prophylaxis and preemptive therapy. Universal antiviral prophylaxis is required for
high-risk cytomegalovirus (CMV)-mismatch pediatric recipients. Preemptive therapy
requires the administration of sensitive viral surveillance tests to detect subclinical viral
infections to optimize individualized immunosuppressive drugs and initiate antiviral
therapy. This review summarizes current knowledge regarding common viral infections
in children after kidney transplantation, including CMV, BK polyomavirus, Epstein-Barr
virus (EBV), and coronavirus disease 2019 (COVID-19), which is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
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Introduction

Posttransplant infection is a major cause of
hospitalization among pediatric kidney transplant
recipients.! Viral infection is a common opportunistic
infection after kidney transplantation. The consequences
of viral infection in transplant recipients include direct
effects, such as invasive organ-specific disease, or
indirect effects from immune processes, resulting in
allograft rejection and opportunistic infections.??® These
effects are associated with
significant morbidity and mortality
in pediatric kidney transplant
recipients. Risk of viral infection
depends on the specific viral
status of donors and recipients,

effects,

complete or incomplete from immune processes, resulting in

pretransplantation  vaccination, allograft rejection and opportunistic

types of immunosuppressive infections. .

drugs and routine antiviral * Risk of viral infection depends on the
. . 34 specific viral status of donors and

prophylaxis regimens.®* Regular recipients

V'ral_ surveillance  should  be pretransplantation vaccination, types

routinely performed for the of

early detection and early

management.5¢ Pediatric kidney
transplant recipients who do not
undergo regular viral surveillance
are at risk of developing severe

* The consequences of viral infection

in transplant recipients include direct
such as
specific disease, or indirect effects

complete or incomplete

immunosuppressive drugs and
routine antiviral prophylaxis regimens.
* The initial treatment for viral infection
post kidney transplantation is reducing
immunosuppressive therapy, but doing
increases the risk of allograft rejection.

2 months post transplantation.? In addition, respiratory
viruses may be transmitted during hospitalization due to
direct contact with medical personnel, infected patients,
and infected families and visitors.?

Phase II: 1 to 6-12 months post kidney
transplantation

Several reactivations of latent viruses, such as
VzV, HBV, HCV, CMV, EBVY, and BK polyomavirus
usually  occur  during this
period.®>#® The median time to
onset of VZV reactivation is
approximately 9 months post
kidney transplantation.® Children
with chronic HBV infection are
at risk for reactivation within
the first 3 months after kidney
transplantation.2® Without antiviral
prophylaxis, primary CMV and
EBV infection or reactivation
occurs 1-6 months after kidney
transplantation, but with universal
antiviral prophylaxis, the onset of
these infections may differ.310™
Universal antiviral prophylaxis
can prevent several common
viral infections, including CMV,
EBV, VZV and HSV infections,

invasive organ-

viral disease.”

Several viral infections may

occur post kidney transplantation. These infections
may be caused by reactivation of latent viruses due
to immunosuppression or transmission from a donor
allograft or blood products; such viruses include
cytomegalovirus (CMV), BK polyomavirus, Epstein-
Barr virus (EBV), hepatitis B virus (HBV), hepatitis
C virus (HCV), herpes simplex virus (HSV),varicella
zoster virus (VZV), and human immunodeficiency
virus (HIV) . Moreover, community-acquired infections
such as respiratory syncytial virus (RSV), adenovirus,
influenza and coronavirus disease 2019 (COVID-19),
which is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). may also occur.
This review summarizes the current knowledge
regarding common viral infections that occur after
kidney transplantation in children, including CMV, BK
polyomavirus, EBV, and SARS-CoV-2 infections.

Timetable of and general therapy for viral infection
post kidney transplantation

The pattern of viral infection after kidney transplantation
changes over time and depends on 2 major factors:*# 1)
recipient exposure to kidney donor-derived, nosocomial
and community-acquired infections; and 2) the
immunosuppressive status of the recipient.

Phase I: 1 month post kidney transplantation

Viral infection in the early post kidney transplantation
period is uncommon and is generally associated with
donor-derived viral infection, which can be caused by
latent viruses in donor allografts or active donor-derived
infection, such as HSV and HIV infections.®# Children
with previous HSV may have early reactivation within

during the prophylaxis period,

but these viruses may occur
after the cessation of antiviral prophylaxis.>'? Most
cases of polyomavirus-associated nephropathy (PVAN)
occur in the 1%t year post kidney transplantation.? In
addition, community-acquired respiratory viruses such
as influenza, parainfluenza, RSV, adenovirus and
foodborne gastroenteritis due to rotavirus and norovirus
are still common and occur at any time of exposure.2?

Phase Ill: More than 6-12 months post kidney
transplantation

Although the risk of late-onset infection decreases at
more than 6-12 months post kidney transplantation
due to immunosuppressive drug weaning, community-
acquired viral infections, including respiratory viral
infections and foodborne gastroenteritis, can still
occur.2® In addition, reactivation of latent viral infections
can occur, especially during treatment for allograft
rejection.?

General therapy

In general, the initial treatment for viral infection post
kidney transplantation is reducing immunosuppressive
therapy, but doing increases the risk of allograft rejection.?
Furthermore, individualized antiviral therapy and
diagnosis of other coinfections are still required based on
specific viruses and the severity of viral infection.

Cytomegalovirus (CMV)

CMV is a member of the betaherpesvirus family and is
the most common viral infection and cause of morbidity
and mortality in both adults and pediatric transplant
recipients.®
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Definitions

CMV in transplant recipients is classified into CMV
infection or CMV disease. CMV infection is defined as
CMV isolation or the detection of proteins (antigen, Ag)
or nucleic acids in any body fluid or tissue specimen,
such as plasma, whole blood, cerebrospinal fluid
(CSF), bronchoalveolar lavage (BAL) fluid, urine or
tissue, regardless of symptoms.®* CMV disease
is defined as CMV replication accompanied by
symptoms.’™ CMV disease is classified further into
either CMV syndrome or tissue-invasive CMV disease.
CMV syndrome is defined as CMV infection with at
least 2 of the following: (i) fever >38°C for at least 2
days; (ii) new or increased malaise or fatigue; (iii) a
white blood cell count (WBC) <3,500 cells/cu.mm.
on 2 separate measurements at least 24 hours apart
if the initial WBC was >4,000 cells/cu.mm or a WBC
decrease of >20% if the initial WBC was <4,000
cells/cu.mm.; (iv) atypical Ilymphocytes >5%; (v)
thrombocytopenia with a platelet count <100,000 cell/
cu.mm. if the initial platelet count was >115,000 cells/
cu.mm. or a platelet count decrease of >20% if the
initial platelet count was <115,000 cells/cu.mm.; or (vi)
elevation of hepatic aminotransferase to 2 times the
upper limit of normal.'* Tissue-invasive CMV disease
is associated with specific organ involvement, such as
pneumonitis, colitis, hepatitis, retinitis, encephalitis,
nephritis, myocarditis, or pancreatitis.*'3

Epidemiology and risk factors

The main risk factor for CMV deoxyribonucleic acid
in blood (DNAemia) is the CMV serostatus of donors
(D) and recipients (R). CMV recipient positivity (R+) is
indicative of previous infection and immunity.'®'® More
children than adults are CMV naive or CMV recipient
negative (R-), which implies that they have no history
of CMV exposure prior to kidney transplantation and do
not have immunity. Therefore, CMV mismatched (donor-
positive recipient-negative, D+R-) recipients have the
highest risk for primary CMV infection, which is more
severe than secondary CMV infection, post kidney
transplantation.*'>'” Intermediate CMV risk is defined
as CMV R+, which is associated with a substantial risk
of secondary CMV infection due to either reactivation of
latent CMV or superinfection (or reinfection).'*'®¢ Other
risk factors include an intense immunosuppressive
drug regimen, especially one that stimulates T cell-
depleting antibodies.®>'® A retrospective study in children
demonstrated that children who received antithymocyte
globulin for induction therapy developed CMV DNAemia
within the first 3 months after cessation of universal
antiviral prophylaxis compared with those who received
anti-interleukin-2 (IL-2)."2

Clinical manifestations

The clinical presentations of CMV infection and disease
vary, ranging from no symptoms to fatal severe disease,
and can be confused with those of other infections and
allograft rejection.'® The clinical presentation of CMV
syndrome is nonspecific and includes symptoms such
as fever, anorexia, myalgia, and arthralgia.'® Laboratory
results may show leukopenia and thrombocytopenia.'®
Children with tissue-invasive disease may present with

organ-specific involvement, such as pneumonitis, colitis,
hepatitis, retinitis, encephalitis, nephritis, myocarditis,
or pancreatitis. The most common system affected by
tissue-invasive CMV disease is the gastrointestinal
system, which can result in vomiting, abdominal pain,
diarrhea, and gastrointestinal hemorrhage.*

Furthermore, CMV has indirect effects, including an
increased risk of allograft rejection and suppression of
host immunity that predisposes patients to opportunistic
infections such as EBV and human herpesvirus 6 (HHV-
6) infections, fungal infections, and some bacterial
infections.?*

Diagnosis
Pretransplant testing

CMV IgG serology in both donors and recipients is
recommended for the identification of recipients at high
risk of CMV infection and can guide antiviral prophylaxis
post kidney transplantation.®>™ However, the passive
transfer of CMV IgG from mothers to infants can
produce false positive results in infants less than 1 year
of age.?

Posttransplant testing

Quantitative CMV viral load: The diagnosis of CMV
DNAemia is the presence of CMV DNA in whole
blood or plasma.*'® Currently, quantitative nucleic
acid amplification testing (QNAT) in whole blood or
plasma for CMV viral load is the gold standard for the
diagnosis and monitoring of CMV DNAemia, but the
CMV viral load threshold is controversial.' A highly
sensitive QNAT assay is suggested, which has a lower
limit of quantification (LLOQ) <200 IU/ml."* However,
a LLOQ <10 IU/ml is too sensitive and may detect
latent CMV DNA, which is not clinically significant. In
contrast, a LLOQ >1,000 IU/ml is too insensitive and
is not recommended.™ Antigenemia assays, such as
pp65 and pp67 antigen detection, and semiquantitative
fluorescence assays are no longer recommended.?

Tissue biopsy: CMV tissue-invasive disease generally
requires tissue histopathology for a definitive diagnosis.
The presence of CMV inclusion or immunostaining
is the gold standard for the diagnosis of CMV tissue-
invasive disease.® However, the presence of organ-
specific symptoms combined with the detection of CMV
DNAemia is adequate for the clinical diagnosis of CMV
tissue-invasive disease.' In contrast, the absence of
CMV DNAemia cannot exclude CMV disease in children
who have organ-specific symptoms.™'® The CMV viral
load during CMV infection of the gastrointestinal tract
or central nervous system (CNS) is generally lower
than that at other sites.® Tissue biopsy is still required
in children who are treated with antiviral therapy and do
not respond.

CMV serology: CMV seroconversion is defined as
the presence of CMV IgG post kidney transplantation
in CMV R- patients. The seroconversion rate in solid
organ ftransplant patients is approximately 75% at
12 months post transplantation in patients receiving
universal antiviral prophylaxis, and the detection of
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CMV IgG at 6 months post kidney transplantation is
associated with a decreased risk of late CMV disease
at 6-12 months post transplantation.?® However, CMV
IgM and seroconversion of CMV IgG are not useful for
the diagnosis of acute infection because of the delay in
conversion.?

Treatment

According to the Third International Consensus
Guidelines on the Management of Cytomegalovirus in
Solid-organ Transplantation, the recommendation for
children is based mostly on adult data.”* Ganciclovir
is the primary antiviral agent to treat CMV disease by
inhibiting CMV replication.® Valganciclovir is a prodrug
of ganciclovir that is also used for the treatment of
asymptomatic CMV DNAemia. However, initial treatment
of severe CMV disease with intravenous ganciclovir
in children is still recommended.* Once-weekly CMV
surveillance is recommended to monitor response to
antiviral therapy and discontinue therapy after CMV
negativity by highly sensitive QNAT (LLOQ <200 IU/ml)
1 time or CMV negativity by non-highly sensitive QNAT
(LLOQ >200 IU/ml) 2 consecutive times." A recent
study demonstrated that a CMV viral load <137 [U/ml,
as measured by a test calibrated to the World Health
Organization (WHO) standard, is predictive of clinical
response to antiviral treatment.?!

In addition to antiviral therapy, reduction in
immunosuppressive therapy is an important adjunctive
therapy if possible. Conversion to mTOR inhibitors may
be useful to reduce the risk of recurrent CMV DNAemia,
especially in patients at high risk of CMV infection.422
There is no strong data supporting the use of CMV IgG
and intravenous immune globulin (IVIG) in combination
with antiviral therapy.®'

Prevention

Currently, there are 3 strategies for CMV infection
prevention in pediatric kidney transplant recipients:
universal prophylaxis, preemptive therapy, and the
sequential approach, depending on risk." With
universal prophylaxis, antiviral prophylaxis is provided to
children at high risk of CMV infection, which is defined
as CMV D+R- or receiving T cell-depleting antibodies,
for 3-6 months post kidney transplantation.14
Although valganciclovir is widely used among adult
kidney transplant recipients, pharmacokinetic data in
pediatric patients are limited to only older children.?2°
Furthermore, the risk of DNAemia is highest during
the 3 months after antiviral prophylaxis cessation, so
surveillance needs to be continued during this time
period.'?

For preemptive therapy, antiviral therapy is started
when QNAT detects CMV before the development of
CMV disease." Unfortunately, the optimal CMV viral
load threshold to initiate therapy is still controversial
because of the variability in diagnostic tests. The
sequential approach involves a short duration, typically
2-4 weeks, of antiviral prophylaxis, followed by regular
CMV surveillance.™ Children with intermediate CMV
risk (R+) can receive universal prophylaxis, preemptive
therapy or the sequential approach." Weekly

surveillance for CMV DNAemia for at least 3-4 months
post transplantation is recommended.?’ Secondary
antiviral prophylaxis might be advantageous in children
with recurrent CMV DNAemia, but the proper duration
is still unclear.”™ Although there are several studies on
and developments in CMV vaccines, they are mostly in
phase | and phase Il trials.

Polyomavirus

Polyomavirus is a small DNA virus. Primary infection
in an immunocompetent host is subclinical or induces
respiratory tract symptoms; subsequently, the virus
becomes latent in renal tubular epithelial cells or
the uroepithelium.?®?” The two well-known human
polyomaviruses are polyomavirus hominis type 1 or
BK virus (BKV) and polyomavirus hominis type 2 or
JC virus (JCV). The BK seropositivity rate in children
less than 18 years of age is approximately 5-65% and
in adults is more than 80%.2%3° Immunocompetent
children are usually asymptomatic, but polyomavirus
can reactivate after kidney transplantation and initially
induce no symptoms but subsequently lead to PVAN in
up to 10% of patients and graft loss in approximately
10-100% of patients.?3"%2

Definition

Polyomavirus infection is defined as serological
or virological evidence of polyomavirus exposure
regardless of viral replication or latency.®' Primary and
secondary infections are detected in seronegative and
seropositive individuals pre kidney transplantation,
respectively. Polyomavirus disease is defined as
evidence of polyomavirus in the tissue of the involved
organ.®

Epidemiology and risk factors

The prevalence of PVAN ranges from 1.1 to 10.3%.%
Most PVAN is caused by BKYV, although there are a
few case reports of PVAN due to JCV.**3% The major
presentation of JCV is CNS disease with no renal
involvement.®> The main risk factors for BK viremia
and PVAN are intense immunosuppressive regimens,
especially regimens including high-dose tacrolimus,
high-dose mycophenolate mofetii (MMF), T cell-
depleting antibodies, and antirejection therapy.?26:3137
Most PVAN occurs within the 1t year of kidney
transplantation due to intense immunosuppressive drug
use.?®% Retransplantation due to PVAN is also a risk
factor for reinfection in a new allograft.?

Clinical manifestations

The majority of recipients with polyomavirus infection
are asymptomatic.? Some children present with sterile
pyuria, ureteral stenosis and hemorrhagic cystitis.83540
Children with ureteral stenosis may present with signs
of urinary tract obstruction or elevated creatinine levels.
In addition, an acute or gradual decline in renal function
is usually a common presentation of PVAN.2®8 Some
children present with fever, but this is not the usual
presentation and may mimic acute rejection or other
infections.?
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Diagnosis

Viral replication occurs in a usual sequence. After BKV
reactivation, the virus initially replicates in renal tubular
cells, leading to tubular damage and resulting in viruria.
Subsequently, BKV enters peritubular capillaries,
resulting in BK viremia, at a median of 4 weeks later.
Finally, PVAN developed at a median of 4 weeks later.?

Urine cytology: Decoy cells include infected tubular
and ureteral epithelial cells that can be observed on
urine cytology and serve as a marker of high levels
of urine BK DNA. Although urine decoy cells are used
in screening for PVAN, the sensitivity, specificity, and
positive predictive value (PPV) are only 66.7%, 88.6%,
and 11.7%, respectively.*'

Quantitative BK viral load in urine: The detection
of a low BK viral load in urine commonly occurs
in immunocompetent hosts without clinical
consequences.*? However, a post-kidney transplantation
urine BK viral load of >107 copies/ml is increasingly
predictive of PVAN, although it is not highly specific.33¢
In addition, some patients with BK viruria do not develop
BK viremia, and the detection of BK viruria is not cost
efficient in a clinical setting.*

Quantitative BK viral load in plasma: A BK viral
load >10,000 copies/ml detected by polymerase chain
reaction (PCR) quantification has a good PPV and 93%
specificity for PVAN,26:4445

Allograft biopsy: Allograft biopsy should be performed
when the BK viral load in plasma is >10,000 copies/ml
with or without elevated creatinine because of its high
association with PVAN.*?® Histopathological findings
include interstitial inflammation in early infection that
progresses to tubular atrophy and interstitial fibrosis.*647
In addition, allograft rejection may coexist with PVAN.48-%
The definitive diagnosis of PVAN includes the presence
of viral inclusion bodies, the detection of simian virus 40
(SV40) on staining or in situ hybridization for BK virus
genetic sequences, but the lesions of PVAN are usually
focal and easily missed.>?¢4647 Presumptive PVAN is
defined as the presence of a BK viral load >10,000
copies/ml with no evidence of polyomavirus in allograft
tissue.?

Treatment

Since there is no specific antiviral therapy for
polyomavirus infection, the mainstay of treatment
is a reduction in immunosuppression when there is
evidence of viral replication, especially when the BK
viral load is higher than 10,000 copies/ml.2?6%" The
goal of immunosuppressive drug reduction is to restore
immunity against polyomavirus, but this increases the
risk of acute rejection, which is associated with poor
renal outcomes.’? There is currently no consensus
protocol for immunosuppressive reduction. According
to recent guidelines,?®' a common practice is to half
or withdraw the antimetabolite drug (azathioprine or
MMF) and to reduce the calcineurin inhibitor target
level. In addition, switching from the antimetabolite
drug to leflunomide is also commonly used.
Leflunomide has both immunosuppressive and antiviral
activities.®®5% To date, there are limited data on the

use of fluoroquinolones and IVIG for treating PVAN.326
Treatment for cooccurring PVAN and acute rejection
remains unclear.®®

Prevention

Currently, there is no single standard strategy to
prevent BK reactivation.?® BK viral load monitoring and
early identification of BK viremia allow early intervention
to prevent progression to PVAN. According to recent
guidelines, QNAT to detect the BK viral load in plasma
is the main screening method and should be performed
monthly for the first 3-6 months and then every 3 months
for the first year post kidney transplantation, when there
is an unexplained elevation in the creatinine level, and
after treatment for acute rejection.?6

Epstein-Barr virus (EBV)

EBV is in the gammaherpesvirus family.® Most
children in developing countries are infected with
primary EBV before 5 years of age.%®% In contrast,
EBV infection in developed countries occurs in late
adolescence or adulthood.’®% After primary infection
in an immunocompetent host, EBV remains latent in
lymphocytes and reactivates due to immunosuppression
after kidney transplantation.® However, the maijority of
symptomatic EBV infections post kidney transplantation
are due to EBV-mismatched recipients (EBV D+R-).857
EBV is detected in more than 90% of patients with early
posttransplant lymphoproliferative disorders (PTLDs)
after kidney transplantation and is an uncommon but
fatal complication.?®%:% The role of EBV in late PTLDs
is uncertain.

Epidemiology and risk factors

Primary EBV infection usually occurs within the 1st year
post kidney transplantation.® The majority of EBV-naive
(EBV R-) patients are pediatric patients, so they are at
risk of developing primary infection and subsequently
early PTLDs than adults.” The major risk factor for
EBV infection is intense immunosuppression, especially
in patients receiving T cell-depleting antibodies and
OKT3.28 A persistently high level of EBV DNAemia post
kidney transplantation may indicate a risk of PTLD.3%°

PTLD is more common in children (up to 20%) than
adults (less than 1%) post kidney transplantation and
can present with a bimodal pattern of onset in the first
year post transplant; it can also present late, at 5-10
years post transplantation.38%62 Risk factors for early
PTLD (<12 months) include primary EBV infection,
young recipient age, and polyclonal antilymphocyte
antibody use.% 2% |n contrast, risk factors for late PTLD
(>12 months) include duration of immunosuppression
and older recipient age.%”:62-6

Clinical features

Children with EBV DNAemia are usually asymptomatic.
The clinical manifestation of EBV disease (non-
PTLD) includes infectious mononucleosis, including
fever, exudative tonsillitis, lymphadenopathy,
hepatosplenomegaly and atypical lymphocytosis.?%”
Some children present with organ-specific symptoms
such as hepatitis, pneumonitis, pancreatitis, meningitis,
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leukopenia, or thrombocytopenia.?®” However, some
of these clinical manifestations are similar to those
associated with PTLDs. Patients with graft dysfunction
as well as EBV DNAemia should be evaluated for
PTLDs and graft rejection.®

PTLDs can affect either allografts or other organs; the
clinical presentation is based on organ involvement and
can include abdominal pain or mass, gastrointestinal
bleeding, obstruction, perforation, hepatic or pancreatic
dysfunction, headache, other CNS disease, allograft
dysfunction, or pulmonary nodules or infiltration.?®
In addition, some children present with nonspecific
symptoms, including unexplained fever and weight
loss.® The definitive diagnosis of PTLDs requires tissue
biopsy.8

Diagnosis

Pretransplant testing

EBV serology: Screening by EBV serology in both
donors and recipients is recommended for the prediction
of EBV DNAemia risk.” Antiviral capsid antigen (VCA)
IgG and anti-Epstein-Barr virus nuclear antigen (EBNA)
IgG are recommended for screening tests. However,
the passive transfer of EBV IgG from mother to child
can produce a false positive in infants less than 1 year
of age.”

Posttransplant testing

Quantitative EBV viral load: According to a recent
recommendation,’"® QNAT for EBV should be
performed in children at high risk of primary EBV
infection and PTLD development, including in EBV-
mismatched children (EBV D+, R-) once in the first
week after transplant, at least monthly for the first 3-6
months, and then every 3 months for the first year
post transplant, and after treatment for acute rejection.
Quantitative EBV viral load using assays calibrated to
the WHO standard for EBV DNA is recommended.%”
There is currently no consensus on the exact threshold
level to start treatment. There is no evidence that
surveillance is beneficial in patients who are EBV R+.%

Tissue biopsy: EBV can be detected in specific organ
involvement. In some settings, tissue biopsy is required
to diagnose EBV disease and PTLDs, as defined by the
WHO.%6

EBYV serology: Anti-VCA and anti-EBNA IgM are used
to diagnose primary infection in immunocompetent
hosts, but the response in immunocompromised
hosts, including posttransplant hosts, is delayed.®%57
Therefore, EBV serology is not useful for the diagnosis of
early EBV infection, and the detection of EBV DNAemia
according to EBV viral load is preferable.? In addition,
children who are EBV-naive pre transplantation should
undergo EBV IgG detection annually to determine their
risk of developing primary EBV infection.%”

Treatment

A reduction in immunosuppressive drugs is
recommended when there is evidence of increasing EBV
viral load, EBV disease or PTLDs, but this increases the
risk of allograft rejection.®" A persistently high EBV viral

load should be reevaluated for PTLDs.3” Cessation of
immunosuppressive drugs might be necessary in some
cases of PTLDs.*" To date, there are no conclusive data
on the role of antiviral therapy in PTLDs.

Prevention

Although a universal antiviral prophylaxis strategy in
high-risk EBV children (EBV D+R-) is used in some
transplant centers, there are no sufficient data to support
the routine use of prophylaxis to prevent either primary
EBV infection or PTLDs.3®7° A recent meta-analysis™
did not demonstrate a benefit of antiviral prophylaxis
in reducing the incidence of PTLDs. Therefore, the
use of universal prophylaxis in EBV mismatches
is not recommended.” EBV viral load surveillance
and preemptive therapy are recommended in EBV-
mismatched patients.5":616272 |nitial preemptive therapy
involves a reduction in immunosuppressive drugs.”
The role of antiviral therapy, IVIG, or conversion to an
mTOR inhibitor or rituximab is uncertain.’””® Research
and development of EBV vaccines are ongoing; there
are currently no EBV vaccine options available.”"®

Coronavirus-19 (COVID-19)

The number of kidney transplantation procedures has
decreased during the COVID-19 pandemic.”” COVID-19
is caused by SARs-CoV-2 infection. The overall deceased
donor transplantation rates during the COVID-19
outbreak in France and the USA were 90.6% and 51.1%,
respectively.”” A recent study demonstrated that patients
who were waitlisted for kidney transplantation had an
increased risk of hospitalization and mortality.”® The
first concern regarding kidney transplantation are the
immunosuppressive status of recipients and the risk for
COVID-19. The second concern is that there might be
inadequate equipment, medical personnel, and intensive
care unit resources post kidney transplantation. The third
concern is the risk of potential transmission of COVID-19
from a kidney donor to a recipient. Almost all studies
on COVID-19 among transplant recipients have been
conducted in adults.

Clinical features

The most common presentations are similar to those
in nontransplant patients and include fever, cough,
dyspnea, and diarrhea.’®® In addition, lymphopenia is
common in transplant recipients.®8' However, transplant
recipients have more rapid clinical progression and
higher mortality than nontransplant patients.®8! Thirty-
day mortality was approximately 20-23% in hospitalized
adult recipients 8182

The criteria for testing for COVID-19 in kidney transplant
recipients are similar to those in nontransplant
patients.®® Routine screening of asymptomatic kidney
transplant recipients is not recommended.

Diagnosis

All donors and recipients are recommended to undergo
COVID-19 screening to prevent donor-derived infection
and adjust the immunosuppressive drug regimen.
Reverse-transcriptase polymerase chain reaction (RT-
PCR) assays of respiratory tract specimens should be
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used for screening.®*8® This assay has high sensitivity,
with detection ranging from 100 to 1,000 copies, and
high specificity.®* Antigen tests of nasopharyngeal
swabs are generally less sensitive than RT-PCR but
have a shorter turnaround time.%

Treatment

General management in kidney transplant recipients is
similar to that in nontransplant patients.®” The general
approach is to reduce immunosuppressive drugs in
patients with moderate to severe infection, but the
optimal strategy is not well defined.”®8'878 Many
observational studies suggest decreasing or withdrawing
antimetabolite drugs such as mycophenolate mofetil
and azathioprine.”®-81.88

Several COVID-19 drugs have potential drug-drug
interactions with immunosuppressive drugs, including
tacrolimus, cyclosporine, mycophenolate  mofetil,
everolimus, and sirolimus, so therapeutic drug
monitoring (TDM) is recommended.®°

Conclusion

Viral infection is still a common opportunistic infection
in children post kidney transplantation and must be
considered in the differential diagnosis. Appropriate
pretransplant screening and posttransplant surveillance
may help with early diagnosis. In addition, appropriate
antiviral prophylaxis and early management have
improved patient and allograft outcomes.
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