
Academic Editor: Giorgina Barbara

Piccoli

Received: 11 May 2026

Revised: 6 June 2026

Accepted: 12 June 2026

Published: 16 June 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Timing and Clinical Impact of Opportunistic Infections in
Pediatric Kidney Transplant Recipients: A 10-Year
Single-Center Experience
Antonia Kondou 1 , John Dotis 2,* , Vasiliki Karava 3 , Eleni Papadimitriou 1 , Charalampos Agakidis 1,
Grigorios Myserlis 4, Lemonia Skoura 5, Dimitrios Zafeiriou 1 , Georgios Tsoulfas 4 , Georgia Gioula 6 ,
Georgios Papazisis 7 and Nikoleta Printza 1

1 First Department of Pediatrics, Aristotle University of Thessaloniki, Hippokration Hospital,
54642 Thessaloniki, Greece; antkontou@auth.gr (A.K.); epapadimitriu@gmail.com (E.P.);
cagakidis@auth.gr (C.A.); dizafeir@auth.gr (D.Z.); nprintza@gmail.com (N.P.)

2 Third Department of Pediatrics, Aristotle University of Thessaloniki, Hippokration Hospital,
54642 Thessaloniki, Greece

3 Pediatric Nephrology Unit, “Aghia Sophia” Children’s Hospital, 11527 Athens, Greece;
vasilikikarava@hotmail.fr

4 Department of Transplantation Surgery, Aristotle University of Thessaloniki, Hippokration Hospital,
54642 Thessaloniki, Greece; grammateia@ippokratio.gr (G.M.); tsoulfasg@auth.gr (G.T.)

5 Department of Microbiology, AHEPA University General Hospital, 54636 Thessaloniki, Greece;
lemskour@auth.gr

6 Department of Microbiology, School of Medicine, Aristotle University of Thessaloniki,
54636 Thessaloniki, Greece; ggioula@auth.gr

7 Laboratory of Clinical Pharmacology, School of Medicine, Aristotle University of Thessaloniki,
54636 Thessaloniki, Greece; papazisg@auth.gr

* Correspondence: yandot@auth.gr; Tel.: +30-2310-892486

Abstract

Background/Objectives: Opportunistic infections remain clinically important after kid-
ney transplantation and may contribute to morbidity and graft dysfunction in pediatric
recipients. Data regarding their timing, spectrum and clinical course in children remain
limited. Methods: We retrospectively reviewed pediatric kidney transplant recipients
followed at a single tertiary center between 2014 and 2024. Demographic and clinical
characteristics, infection type, timing after transplantation, management and outcomes
were recorded. Infection incidence was assessed at the patient level, whereas pathogen
distribution and timing were analyzed per infection episode. Results: Twenty-seven pe-
diatric kidney transplant recipients were included, with a mean follow-up of 5.6 years.
Ten patients (37.0%) developed at least one clinically significant opportunistic infection,
and one patient experienced two distinct episodes, resulting in 11 infection events. BK
virus was the most frequent pathogen, followed by fungal infections and cytomegalovirus
(CMV). Five episodes (45.5%) occurred within the first post-transplant year, whereas six
(54.5%) occurred later during follow-up. Late infections included CMV, fungal infections,
BK virus and West Nile virus. Most infections resolved after targeted management without
persistent graft impairment; however, one patient developed biopsy-confirmed BK virus-
associated nephropathy with sustained graft dysfunction. No infection-related mortality
was observed. Conclusions: Clinically significant opportunistic infections occurred both
early and late after pediatric kidney transplantation, with more than half of all infectious
episodes developing beyond the first post-transplant year. Although overall outcomes
were favorable, BK virus-associated nephropathy remained clinically relevant because of
its impact on graft function.
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1. Introduction
Kidney transplantation remains the preferred treatment modality for children with

end-stage kidney disease (ESKD), providing better long-term survival and improved
overall quality of life compared with dialysis [1]. Over the past decades, improvements in
surgical approaches, immunosuppressive strategies and post-transplant monitoring have
contributed substantially to better patient and graft outcomes [2].

Infectious complications continue to represent a major source of morbidity among pe-
diatric kidney transplant recipients [3]. Chronic immunosuppressive therapy predisposes
pediatric transplant recipients to a broad spectrum of viral, fungal and other opportunis-
tic infections that may necessitate prolonged treatment, hospitalization, adjustment of
immunosuppressive regimens, or evaluation for possible graft dysfunction [3]. Preven-
tive strategies, including pre-transplant immunization and post-transplant surveillance
protocols, remain essential components of transplant care [4]. Opportunistic infections
may present non-specific or atypical clinical manifestations in immunocompromised hosts,
making prompt diagnosis more difficult [5,6]. Their clinical impact depends not only on
the causative pathogen, but also on the intensity of immunosuppression, the interval since
transplantation, and the recipient’s previous exposure to common viral agents.

The epidemiology of post-transplant infections generally follows a characteristic
temporal distribution and is often categorized into early (0–1 month), intermediate
(1–6 months), and late (>6 months) post-transplant periods [3]. Opportunistic infections
are more frequently encountered during periods of intensified immunosuppression, partic-
ularly within the first months after transplantation [3,7]. However, clinically significant
infections may also occur during long-term maintenance immunosuppression and may
reflect cumulative immunosuppressive exposure, individual susceptibility, or changes
in local epidemiology [8,9]. Although most surveillance protocols primarily emphasize
the early post-transplant period, late infectious complications may still contribute signif-
icantly to morbidity and graft dysfunction during extended follow-up. In the present
study, a 12-month cutoff was used to distinguish infections occurring during the first
post-transplant year from those developing later during follow-up.

In children, infection risk may be further influenced by limited pre-transplant expo-
sure to common viral pathogens, thereby increasing the likelihood of primary infection
after transplantation [6,7]. This vulnerability may persist despite advances in prophylactic
strategies and virological surveillance. Pediatric data regarding the timing, clinical presen-
tation, management, and outcomes of clinically significant opportunistic infections remain
relatively limited, particularly in cohorts with extended follow-up [7].

Most published pediatric studies have focused primarily on specific viral pathogens,
such as CMV, EBV, or BK virus, whereas data addressing the broader spectrum of clinically
significant opportunistic infections remain scarce [3–6]. Furthermore, information regarding
the timing and clinical impact of these infections during long-term follow-up is limited.

The present study evaluated the incidence, timing, pathogen spectrum, management
and clinical outcomes of clinically significant opportunistic infections in pediatric kidney
transplant recipients followed over a 10-year period at a tertiary referral center.
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2. Materials and Methods
2.1. Study Design and Population

A retrospective observational cohort study was conducted in pediatric patients who
underwent kidney transplantation and were followed at the Transplantation Clinic of a
tertiary referral center between January 2014 and December 2024. All consecutive pediatric
kidney transplant recipients meeting these criteria during the study period were included
in the analysis. In total, 27 pediatric kidney transplant recipients were analyzed. Follow-up
extended from transplantation to the most recent available clinical assessment or graft loss,
when applicable.

2.2. Data Collection and Clinical Variables

Clinical data were retrieved from patient medical records, including electronic
databases and archived files. Recorded variables included age at transplantation, sex,
underlying kidney disease, donor type, immunosuppressive therapy and duration of
follow-up. Additional collected variables included infection timing after transplantation,
hospitalization requirements, laboratory findings, graft-function changes and therapeutic
interventions related to infectious episodes.

Information on opportunistic infections included pathogen type, timing of onset after
transplantation, diagnostic method, management and clinical course. Because asymp-
tomatic viral replication is relatively common after transplantation, only clinically signifi-
cant infectious episodes were included in the analysis.

In patients with more than one infection, each episode was recorded separately. Man-
agement data included changes in immunosuppressive therapy, antimicrobial, antiviral,
or antifungal treatment and use of adjunctive therapies. Clinical response and infection-
related outcomes were recorded, including resolution, persistence or progression of infec-
tion and impact on graft function. When applicable, infection-related graft dysfunction was
evaluated in relation to each patient’s baseline renal function and overall clinical course.

2.3. Immunosuppressive Regimen and Infection Prophylaxis

All patients received triple immunosuppressive therapy consisting of a calcineurin
inhibitor, an antiproliferative agent, and corticosteroids, according to standard clinical prac-
tice. The maintenance regimen was based predominantly on tacrolimus, mycophenolate
mofetil, and corticosteroids. Immunosuppressive therapy was individualized according to
immunological risk profile, graft function, and rejection-related clinical events. In cases
of biopsy-proven or clinically suspected rejection, immunosuppression was intensified
according to established international treatment protocols and subsequently adjusted based
on clinical response and graft function.

All patients received antimicrobial prophylaxis with trimethoprim-sulfamethoxazole
after transplantation, administered three times weekly for at least 6 months, unless con-
traindicated [10]. Antiviral prophylaxis with oral valganciclovir was administered to all
patients except donor-negative/recipient-negative cytomegalovirus (CMV) pairs. Prophy-
laxis consisted of an induction phase followed by maintenance therapy for at least 6 months
and usually for 12 months, as recommended in pediatric kidney transplant recipients [11].

Routine virological surveillance for CMV, Epstein–Barr virus (EBV), and BK virus
(BKV) was performed monthly during the first 6 months after transplantation and every
3 months thereafter, or earlier when clinically indicated [9,11–13]. Additional virologi-
cal assessment was performed in the presence of fever, unexplained graft dysfunction,
cytopenias, or other clinical findings suggestive of opportunistic infection.
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2.4. Definitions and Diagnostic Criteria

Opportunistic infections were defined as infections occurring in the setting of immuno-
suppression and caused by pathogens with increased clinical relevance in immunocom-
promised patients. Because asymptomatic viral replication is frequently observed after
kidney transplantation, only clinically significant infectious episodes were included in the
present analysis. We differentiated seroconversion or asymptomatic viral replication from
clinically significant infection. Clinically significant infection was defined by compatible
symptoms, organ dysfunction, need for targeted antimicrobial treatment, and/or modi-
fication of immunosuppressive therapy. Infections requiring hospitalization, intensified
monitoring, or additional diagnostic evaluation because of suspected graft involvement
were also considered clinically significant when judged relevant in the overall clinical
context. Isolated asymptomatic polymerase chain reaction (PCR) positivity without clinical
findings, treatment modification, or documented impact during follow-up was categorized
as asymptomatic infection/viremia and was not classified as an infection episode.

Viral infections, including CMV, EBV, and BKV, were diagnosed using PCR assays in
blood samples. BKV infection was defined as clinically relevant viremia requiring modifi-
cation of immunosuppressive therapy and/or additional therapeutic intervention [12,13].
BKV-associated nephropathy was recorded separately and required histological confirma-
tion on kidney graft biopsy [12–14]. The diagnosis of BKV-associated nephropathy was
based on compatible histopathological findings in conjunction with clinically significant
viremia and graft-function deterioration.

CMV and EBV episodes were included only when DNAemia was accompanied by
clinical findings, cytopenias, organ involvement, graft-function abnormalities, or thera-
peutic/immunosuppressive intervention [8,11]. Isolated low-level DNAemia requiring
observation alone and showing no clinical significance during follow-up was not included
as an opportunistic infection event.

Fungal infections were diagnosed based on compatible clinical findings supported
by histopathological confirmation and/or molecular testing, including PCR from bron-
choalveolar lavage samples when available. Only clinically significant infections requiring
antifungal therapy were included.

West Nile virus (WNV) infection was included as a clinically significant infection
occurring under chronic post-transplant immunosuppression, because neuroinvasive dis-
ease developed in the setting of long-term immunosuppressive treatment and required
diagnostic evaluation and therapeutic intervention.

For the purposes of this study, infections were classified as early-onset if they occurred
within the first 12 months after transplantation, including month 12, and late-onset if they
occurred beyond 12 months. The 12-month threshold was selected pragmatically because
the first post-transplant year is generally considered a distinct clinical period characterized
by intensified immunosuppression, routine prophylactic strategies, and structured virolog-
ical monitoring. Infections occurring beyond this period may reflect different patterns of
exposure and susceptibility during long-term maintenance immunosuppression.

2.5. Outcomes

The primary outcome was the occurrence of clinically significant opportunistic infec-
tion following kidney transplantation. Secondary outcomes included infection type, timing
of onset, management, clinical course, and impact on graft function, assessed relative to
each patient’s baseline kidney function. Clinical outcomes were evaluated both at the
patient level and according to individual infection episodes. Incidence was assessed at the
patient level, while pathogen distribution and timing were described per infection episode.
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For patients with multiple infectious episodes, each event was analyzed independently
with respect to timing, management and clinical outcome.

Graft dysfunction was defined as a sustained decrease in estimated glomerular filtra-
tion rate (eGFR) of 20% or more relative to each patient’s baseline value, documented by at
least two consecutive measurements to exclude transient fluctuations. For the purposes
of clinical assessment within this cohort, this threshold was used as a pragmatic indicator
of clinically relevant graft impairment after exclusion of alternative causes of renal dete-
rioration, including dehydration, hemodynamic instability, drug-related nephrotoxicity,
or acute rejection. e-GFR was assessed mainly using the pediatric bedside Schwartz for-
mula and, when available, cystatin C measurements. In cases of severe deterioration of
graft function, GFR was further measured using DTPA renal scintigraphy. Kidney graft
biopsy was performed when clinically indicated, particularly in cases of persistent graft
dysfunction, suspected rejection, or possible BKV-associated nephropathy.

2.6. Statistical Analysis

Data were analyzed using descriptive statistical methods. Continuous variables are
presented as mean (range) or median (range), as appropriate according to data distribution,
whereas categorical variables are presented as frequencies and percentages. Because
of the relatively small sample size, the limited number of infection episodes, and the
heterogeneity in pathogen type and clinical presentation, the analysis was intentionally
focused on descriptive characterization rather than formal hypothesis-testing statistical
comparisons, in order to avoid overinterpretation of underpowered observations.

Incidence was evaluated at the patient level, while pathogen distribution, timing
of infection, management strategies, and clinical outcomes were analyzed per infection
episode. Longitudinal assessment focuses on infection-related changes in graft function,
therapeutic interventions and infection resolution or persistence during follow-up. All
statistical analyses were performed using IBM SPSS Statistics for Windows, version 28.0
(IBM Corp., Armonk, NY, USA).

2.7. Ethical Considerations

Ethical review and approval were waived by the institutional ethics committee due
to the retrospective observational design of the study and the use of anonymized clinical
data. The study was conducted in accordance with institutional policies and the principles
of the Declaration of Helsinki. The requirement for informed consent was also waived.
All data were handled in accordance with institutional confidentiality standards, and no
patient-identifiable information was included in the analysis.

3. Results
3.1. Patient Characteristics

The study included 27 pediatric kidney transplant recipients. The mean age at trans-
plantation was 10.2 years (range 3.5–18 years), and the mean duration of follow-up was
5.6 years (range 1–10 years). Most patients received grafts from deceased donors (85.2%),
while living-donor transplantation was performed in 14.8% of cases. All patients were
managed using standard immunosuppressive protocols.

The most common underlying cause of ESKD was congenital anomalies of the kidney
and urinary tract (CAKUT), accounting for 66.7% of the cohort. Other underlying diagnoses
included thrombotic microangiopathy (11.1%), infantile polycystic kidney disease (11.1%),
focal segmental glomerulosclerosis (3.7%), and Bardet–Biedl syndrome (7.4%). Baseline
demographic and clinical characteristics of the study population are summarized in Table 1.
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Table 1. Baseline characteristics of pediatric kidney transplant recipients.

Characteristic Value

Total patients 27
Age at transplantation, years, mean (range) 10.2 (3.5–18)
Follow-up duration, years, mean (range) 5.6 (1–10)

Sex

Male 16 (59.3%)
Female 11 (40.7%)

Donor type

Living donor 4 (14.8%)
Deceased donor 23 (85.2%)

Underlying kidney disease

CAKUT 18 (66.7%)
Thrombotic microangiopathy 3 (11.1%)
Infantile polycystic kidney disease 3 (11.1%)
Focal segmental glomerulosclerosis 1 (3.7%)
Bardet–Biedl syndrome 2 (7.4%)

Values are presented as n (%) unless otherwise indicated. Percentages were calculated using the total cohort of
27 patients. CAKUT, congenital anomalies of the kidney and urinary tract.

3.2. Incidence of Opportunistic Infections

Clinically significant opportunistic infections were documented in 10 of 27 pediatric
kidney transplant recipients (37.0%). One patient developed two distinct infectious episodes
during follow-up, resulting in a total of 11 infection events. Incidence was assessed at the
patient level, whereas pathogen distribution, timing, management and clinical outcomes
were analyzed per infection episode. Overall, more than one-third of the cohort experi-
enced at least one clinically significant opportunistic infection during long-term follow-up.
Patients who developed opportunistic infections included both male and female recipients,
were predominantly transplanted for CAKUT, and experienced infectious episodes across
a broad range of ages and follow-up periods, reflecting the clinical heterogeneity of the
affected subgroup.

3.3. Type of Infections

BKV was the most frequently identified pathogen, accounting for 4 of 11 infection
episodes (36.4%). Fungal infections represented the second most frequent category (27.3%),
followed by cytomegalovirus infection (18.2%). EBV and WNV infections were each
recorded in one patient. Fungal infections included mucormycosis and Pneumocystis jirovecii
pneumonia. The distribution of infectious agents is presented in Table 2. Viral pathogens
predominated among infection episodes, with BKV representing the most frequent viral
infection in this cohort.

Table 2. Distribution of opportunistic infections by pathogen type.

Infection Type Infection Events, n (%)

BK virus 4 (36.4)
Fungal infections 3 (27.3)
Cytomegalovirus 2 (18.2)

https://doi.org/10.3390/jcm15124668
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Table 2. Cont.

Infection Type Infection Events, n (%)

Epstein–Barr virus 1 (9.1)
West Nile virus 1 (9.1)

Total 11 (100)
Percentages were calculated per infection episode. Eleven infection episodes occurred in 10 patients; one patient
experienced two distinct infections.

3.4. Timing of Infections

Infectious episodes were observed both within and beyond the first post-transplant
year. Five events (45.5%) occurred within the first 12 months after transplantation, whereas
6 events (54.5%) were documented beyond 12 months (Figure 1). Early infections included
BKV infection, EBV infection and one case of mucormycosis, whereas late infections
included cytomegalovirus infection, fungal infections, BKV infection and WNV infection.
The timing of infection episodes demonstrated that clinically significant opportunistic
infections were not restricted to the early post-transplant period.

Figure 1. Timing of opportunistic infections after kidney transplantation, by pathogen type. Each
point represents an individual infection event plotted according to time after transplantation (months).
Colors correspond to pathogen type: BK virus (dark blue), cytomegalovirus (CMV) (light blue),
Epstein–Barr virus (EBV) (green), fungal infections (purple) and West Nile virus (orange).

3.5. Diagnostic Approach and Clinical Course

All recorded infections were clinically significant and were confirmed by laboratory,
histopathological, and/or molecular findings. Viral infections were identified using PCR-
based assays, whereas BKV-associated nephropathy required histological confirmation on
kidney graft biopsy. Fungal infections were diagnosed by histopathological examination
and/or molecular testing.

Management strategies were individualized according to pathogen type, infection
severity, and graft-function status. Infection-specific management approaches and clinical
outcomes are summarized in Table 3.

Immunosuppressive therapy was reduced in all patients with BKV infection, while
selected patients additionally received intravenous immunoglobulin and/or cidofovir.

https://doi.org/10.3390/jcm15124668
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One of four patients with BKV infection developed biopsy-confirmed BKV-associated
nephropathy associated with persistent graft dysfunction despite therapeutic intervention,
whereas the remaining patients achieved virological remission or maintained stable graft
function during follow-up.

Both CMV infections were associated with respiratory involvement and mild deterio-
ration of kidney function. One late CMV episode, occurring four years after transplantation,
presented pneumonia, transient cytopenias, and persistent viremia requiring adjunctive
CMV-specific immunoglobulin. Both patients responded favorably to antiviral treatment
without persistent graft dysfunction. EBV infection resolved following reduction of im-
munosuppression, intravenous immunoglobulin administration and close monitoring,
without progression to post-transplant lymphoproliferative disease.

Table 3. Management and outcomes of opportunistic infections in pediatric kidney transplant
recipients.

Infection Type Patients, n Management Outcome

BK virus 4
Reduction of immunosuppression;
IVIG in selected cases; cidofovir in

1 patient

BK virus-associated nephropathy in
1; remission in 2; stable graft function

in 1

Cytomegalovirus 2 Antiviral therapy;
CMV-specific immunoglobulin Full recovery

Epstein–Barr virus 1 Reduction of
immunosuppression; IVIG Viral clearance; no PTLD

Fungal infections 3 Antifungal therapy +/−
surgical intervention Infection resolution

West Nile virus 1 Supportive care; reduction
of immunosuppression Full recovery

Outcomes are summarized at the patient level within each infection category. BK virus-associated nephropathy
was observed in one patient and was associated with graft dysfunction. CMV, cytomegalovirus; IVIG, intravenous
immunoglobulin; PTLD, post-transplant lymphoproliferative disorder.

Fungal infections included one episode of Pneumocystis jirovecii pneumonia and two
cases of mucormycosis. All patients received targeted antifungal treatment, while one
patient with pulmonary mucormycosis additionally underwent surgical wedge resection.
WNV infection followed a self-limited clinical course under supportive management and
reduction of immunosuppressive therapy.

No infection-related mortality was observed during the study period. Preserved
graft function was documented in most patients, whereas persistent graft dysfunction
occurred only in the patient with biopsy-confirmed BKV-associated nephropathy. Detailed
characteristics of individual infection episodes are summarized in Table 4.
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Table 4. Clinical characteristics, management, and outcomes of individual opportunistic infection episodes.

Episode
Age at

Infection,
Years

Underlying
Disease Pathogen

Time After
Transplantation,

Months
Timing Diagnostic Method Management Outcome

1 4 CAKUT BK virus 6 Early Blood PCR; biopsy
confirmation of BKVN

Reduction of
immunosuppression,

IVIG, cidofovir

BKVN with
graft dysfunction

2 7 CAKUT BK virus <12 Early Blood PCR Reduction of
immunosuppression, IVIG Virological remission

3 12 TMA BK virus <12 Early Blood PCR Reduction of
immunosuppression, IVIG Virological remission

4 14 CAKUT BK virus 36 Late Blood PCR Reduction of
immunosuppression Stable graft function

5 12 CAKUT CMV 24 Late Blood PCR
Valganciclovir followed by

intravenous ganciclovir,
CMV-specific immunoglobulin

Recovery

6 15 BBS CMV 48 Late Blood PCR; imaging
assessment

Intravenous ganciclovir,
CMV-specific immunoglobulin Resolution

7 16 FSGS EBV 12 Early Blood PCR IVIG, reduction of
immunosuppression

Viral clearance;
no PTLD

8 16 CAKUT Mucormycosis 12 Early PCR on biopsy specimen Amphotericin B followed
by posaconazole Recovery

9 16 CAKUT Mucormycosis 36 Late Histopathology and PCR Surgical intervention and
antifungal therapy Recovery

10 15 CAKUT Pneumocystis jirovecii
pneumonia 24 Late PCR, β-D-glucan Trimethoprim-

sulfamethoxazole Recovery

11 18 TMA West Nile virus 60 Late IgM serology Supportive care, reduction
of immunosuppression Recovery

Eleven infection episodes occurred in 10 patients; one patient experienced two distinct infections. Age refers to age at the time of infection. Early infections were defined as those
occurring within 12 months after transplantation, including month 12; late infections were defined as those occurring beyond 12 months. BBS, Bardet–Biedl syndrome; BKVN, BK
virus-associated nephropathy; CAKUT, congenital anomalies of the kidney and urinary tract; CMV, cytomegalovirus; EBV, Epstein–Barr virus; FSGS, focal segmental glomerulosclerosis;
IVIG, intravenous immunoglobulin; PCR, polymerase chain reaction; PTLD, post-transplant lymphoproliferative disease; TMA, thrombotic microangiopathy.
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4. Discussion
In this 10-year single-center cohort, clinically significant opportunistic infections

were documented in 10 of 27 pediatric kidney transplant recipients. The episode-level
review demonstrated substantial variability in pathogen type, timing, management and
clinical outcome. Although the cohort was small, clinically significant infections were not
restricted to the early post-transplant period, as more than half of all infectious episodes
occurred beyond the first post-transplant year despite routine prophylaxis and virological
surveillance [3,5,7].

Compared with previous pediatric kidney transplant studies that have primarily
focused on individual viral pathogens, our study evaluated the broader spectrum of
clinically significant opportunistic infections and their clinical consequences during long-
term follow-up. An additional strength is the episode-based assessment of infection
timing and outcomes, which allowed characterization of both early and late infectious
complications beyond the first post-transplant year.

To place our findings in the context of the existing literature, Table 5 summarizes
selected pediatric kidney transplant studies published during the last decade that evaluated
post-transplant infectious complications. While most previous studies focused primarily
on viral infections, particularly CMV, EBV, and BK virus, our study assessed the broader
spectrum of clinically significant opportunistic infections and their clinical impact during
long-term follow-up.

The timing of infection is clinically relevant. The first year after transplantation is
generally considered the period of highest infectious risk because of intensified immuno-
suppression and early post-operative vulnerability [3,5]. However, in our cohort, late
infections included CMV, fungal infections, BKV and WNV. These findings support main-
taining opportunistic infections in the differential diagnosis during long-term follow-up,
particularly in patients presenting with new symptoms or otherwise unexplained graft
dysfunction [8,9].

https://doi.org/10.3390/jcm15124668
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Table 5. Selected pediatric kidney transplant studies evaluating post-transplant infectious complications published during the last decade.

Study Year Design Patients (n) Infection Focus Key Findings

[7] 2019 Retrospective
single-center cohort 92 CMV, EBV, and BKV infections

Viral infections occurred in 84% of recipients, with EBV being
the most frequent pathogen. Most episodes were

asymptomatic, while CMV disease was uncommon despite
universal valganciclovir prophylaxis

[15] 2021 Retrospective
single-center cohort 106 BK virus infection and BK

virus nephropathy

BK viremia occurred in 30.2% and BKVN in 6.6% of recipients.
Younger age at transplantation and higher immunosuppressive

burden were associated with infection

[6] 2022 Retrospective
single-center cohort 67 CMV, EBV, and BKV infections

Viral infections occurred in 35.2% of recipients. Younger age
and thymoglobulin induction were associated with infection,
while long-term graft outcomes remained generally favorable

[16] 2024 Retrospective
single-center cohort 79

Viral infections (CMV, BKV,
VZV, parvovirus B19,

COVID-19)

Viral infections occurred in 23% of recipients. BKV was the
most frequent pathogen, and infected patients showed lower

long-term graft function and higher graft loss rates

Present study 2026 Retrospective
single-center cohort 27

Clinically significant
opportunistic infections (BKV,
CMV, EBV, fungal infections,

and WNV)

Clinically significant opportunistic infections occurred in 37.0%
of recipients. More than half of all infectious episodes
developed beyond the first post-transplant year. BKV

accounted for the only case of persistent infection-related graft
dysfunction, while overall outcomes were favorable and no

infection-related mortality was observed
Selected studies evaluating post-transplant infectious complications in pediatric kidney transplant recipients published during the last decade. BKV, BK virus; BKVN, BK virus-associated
nephropathy; CMV, cytomegalovirus; COVID-19, coronavirus disease 2019; EBV, Epstein–Barr virus; VZV, varicella-zoster virus; WNV, West Nile virus.
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BKV was the most frequent pathogen, accounting for 4 infection episodes. Clinical
presentation and outcomes varied substantially among affected patients, ranging from
transient viremia with virological remission after reduction of immunosuppression to
biopsy-confirmed BKV-associated nephropathy associated with persistent graft dysfunc-
tion. Reported risk factors for BKV infection in pediatric kidney transplant recipients
include younger recipient age, male sex, intensified immunosuppression, deceased donor
transplantation, acute rejection and urological abnormalities such as obstructive uropathy
or CAKUT. In our cohort, these observations were partly reflected, as BKV infection was
mainly observed in children with CAKUT and during the first post-transplant year, while
the only case of biopsy-confirmed BKV-associated nephropathy occurred in the youngest
affected patient [15,17]. This pattern is consistent with previous reports showing that BKV
infection may range from controllable viremia to nephropathy with potential impact on
graft function [12–17].

These observations underscore the variable clinical course of BKV infection and sup-
port individualized interpretation of BK viremia according to viral kinetics, graft function,
histopathological findings, and the overall immunological context [12,13]. In the present
cohort, BKV accounted for the only case of sustained infection-related graft dysfunction,
further supporting its continued relevance in pediatric post-transplant surveillance.

Both CMV episodes occurred late, at 24 and 48 months after transplantation. In both
cases, CMV infection was associated with respiratory tract involvement and mild deteri-
oration of kidney function rather than isolated PCR positivity. Treatment with antiviral
therapy and CMV-specific immunoglobulin was followed by clinical recovery without
persistent graft dysfunction. These observations demonstrate that clinically significant
CMV disease may occur despite prolonged prophylaxis. Continued clinical vigilance is
therefore warranted in patients presenting with respiratory symptoms or unexplained
deterioration of graft function [7,11,18].

EBV was recorded in one patient during the early post-transplant period. The episode
occurred in a 16-year-old patient with recurrent focal segmental glomerulosclerosis who
required intensified immunosuppression because of early recurrence of the primary disease.
EBV DNAemia was accompanied by transient neutropenia and thrombocytopenia, while
graft function remained stable and symptoms were minimal. Immunosuppression was
reduced, intravenous immunoglobulin was administered, and viral clearance was achieved
within one month. No post-transplant lymphoproliferative disease (PTLD) was observed.
Despite the favorable clinical course observed in our patient, EBV replication remains
clinically important in pediatric transplant recipients because of its established association
with PTLD, particularly under intensified immunosuppression [6–8].

Fungal infections included two cases of mucormycosis and one case of Pneumocystis
jirovecii pneumonia. Although few, these infections were clinically important because
invasive fungal infections in solid organ transplant recipients may progress rapidly and
may present with non-specific findings [19–21]. Diagnosis was based on imaging together
with histopathological and/or molecular confirmation, while treatment was guided by
infection site and severity. Two of the three fungal infections occurred beyond the first
post-transplant year, indicating that fungal disease should also be considered during later
follow-up. The favorable outcomes may have been facilitated by early clinical suspicion,
prompt diagnostic evaluation, and timely initiation of targeted antifungal therapy.

WNV infection was identified in one patient 5 years after transplantation. The patient
presented with fever and headache followed by acute neurological symptoms and was
diagnosed with encephalitis after exclusion of other infectious causes and detection of
serum anti-WNV IgM antibodies. Although WNV is not traditionally classified among
latent opportunistic viral infections, neuroinvasive disease developed in the setting of
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chronic immunosuppression and required extensive diagnostic evaluation. The patient
improved after supportive management and reduction of immunosuppression. This case
supports consideration of WNV infection in transplant recipients presenting with fever or
neurological manifestations in regions where the virus circulates seasonally [22,23].

Overall outcomes were favorable. Most infections were resolved after targeted man-
agement, graft function was preserved in most patients, and no infection-related mortality
was observed. The main exception was the patient with BKV-associated nephropathy, who
developed persistent graft dysfunction. Accordingly, even within a cohort characterized by
generally favorable outcomes, selected opportunistic infections may still exert a sustained
negative effect on graft function.

Several limitations should be acknowledged. The study was retrospective, single-
center, and included a relatively small number of patients, limiting generalizability and
precluding formal analysis of infection risk factors. Management strategies were not en-
tirely uniform, reflecting individualized clinical decision-making and evolving transplant
practices during the study period. In addition, only clinically significant infections were
included; therefore, low-level or asymptomatic viral DNAemia was not analyzed. Nev-
ertheless, the present cohort reflects real-world clinical practice in a highly specialized
pediatric kidney transplant population. Furthermore, detailed pediatric data regarding
opportunistic infections, particularly beyond the first post-transplant year, remain relatively
limited in the literature.

Despite these limitations, the present study provides a clinically focused characteri-
zation of opportunistic infections in pediatric kidney transplant recipients followed over
an extended period. Clinically significant infections occurred both early and late after
transplantation, with more than half of all infectious episodes developing beyond the first
post-transplant year. BKV represented the predominant pathogen and accounted for the
only case of persistent infection-related graft dysfunction. Taken together, these findings
support the need for continued infectious surveillance and sustained clinical vigilance
throughout long-term pediatric post-transplant follow-up.

5. Conclusions
In this 10-year single-center cohort, clinically significant opportunistic infections

affected more than one-third of pediatric kidney transplant recipients and occurred both
during the early and late post-transplant periods. More than half of all infectious episodes
developed beyond the first post-transplant year despite routine prophylaxis and virological
surveillance. BKV represented the predominant pathogen and accounted for the only
case of persistent graft dysfunction due to biopsy-confirmed BKV-associated nephropathy.
Although overall outcomes were favorable and no infection-related mortality was observed,
these findings underscore the importance of sustained infectious surveillance and continued
clinical vigilance throughout long-term pediatric post-transplant follow-up.
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