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COVID-19 infections resulting in pathological kidney manifestations have frequently been reported in adults since
the onset of the global COVID-19 pandemic in December 2019. Gradually, there have been an increased number
of COVID-19-associated intrinsic kidney pathologies in children and adolescents reported as well. The
pathophysiological mechanisms between COVID-19 and the onset of kidney pathology are not fully known in
children; it remains a challenge to distinguish between intrinsic kidney pathologies that were caused directly by
COVID-19 viral invasion, and cases which occurred as a result of multisystem inflammatory syndrome due to the

infection.

intrinsic kidney pathology COVID-19 SARS-CoV-2 children adolescents

| 1. Introduction

The coronavirus disease (COVID-19) that began in 2019 has spiraled into a global pandemic, continuing up to this
day, since the identification of the first severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) case in
Wuhan, China, in December 2019 2, whilst data relating to the epidemiology, pathophysiology, risk factors and
prognosis of adults with kidney histopathology following acute COVID-19 infection are becoming more well-
established, there remains a sizable knowledge gap in our understanding of intrinsic pathological kidney
manifestations in children following acute COVID-19 infection [l This is likely explained by the fact that children

and adolescents only form about 1-2% of all COVID-19 cases reported globally 2.

A novel syndrome, currently termed multisystem inflammatory syndrome in children (MIS-C), has been recognized
by clinicians in the United Kingdom since April 2020. It describes previously healthy children presenting with severe
systemic inflammatory syndrome following testing positive for a concurrent or recent COVID-19 infection &, MIS-C
has been shown to be significantly associated with acute kidney injury (AKI) presentations in children, with an
incidence of up to 60% being reported in observational studies . Active research is being pursued to
differentiate pediatric presentations of AKI from MIS-C following COVID-19 infection, and AKI from direct intrinsic
kidney injury as a result of primary COVID-19 infection, with overlapping clinical features between these two
entities 8. There is a growing effort to elicit the specific mechanisms of intrinsic kidney pathophysiology following
acute COVID-19 infection. Determining these mechanisms could be challenging, due to the ethical limitations of

pursuing routine kidney biopsy for children, and the lack of an accurate non-invasive diagnostic test at present I3,
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Isolated case reports and case series have been published since the onset of the COVID-19 pandemic, describing
newfound or relapsed cases of podocytopathy, glomerular disease and other intrarenal pathologies in children
following acute COVID-19 infection. Some of these reported cases are kidney-biopsy-proven, whereas others are
empirical diagnoses determined through past medical history relating to kidney disease, non-invasive

investigations, and responses to treatment.

2. Intrinsic Kidney Pathology Following COVID-19 Infection
in Children

2.1. New-Onset and Relapsed Nephrotic Syndrome

A total of 20 cases involving children or adolescents presenting with either new-onset or relapsed nephrotic
syndrome following acute COVID-19 infection were included in our systematic review (Table 1) [ZQIL1I[12][13][14][15]
(16I[L7]118] |n 13 of these 20 cases, there was a relapse of a previously known nephrotic syndrome, and detailed
data in relation to the patient demographics, clinical presentation, investigation results and outcome were
incomplete in the majority of these reported cases. Such data were also complete amongst the seven patients of
which this was the first presentation of nephrotic syndrome. The median age was 6.5 (range 3 to 15) years, and
there was a predominance of the male gender (five cases). A diverse distribution of ethnic origin was observed.
None of the 20 patients in these nephrotic cases had kidney biopsy during hospital admission, and diagnoses were
made empirically, based on clinical presentation of systemic edema (abdominal distension, facial swelling, and/or
lower limb edema) and nephrotic-range proteinuria. Standard treatment included oral steroid therapy in addition to
supportive treatment (albumin infusion and diuresis). All of the reported cases achieved remission of nephrotic

syndrome following acute treatment.

Table 1. Demographics and outcomes of children and adolescents with new-onset and relapsed nephrotic

syndrome following acute COVID-19 infection.

Author(s) New-
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(11 patients)

Nal. Rev. Immunol. ZUZzU, ZU, 453—4904.

9. Alshami, A.; Roshan, A.; Catapang, M.; Jobsis, J.J.; Kwok, T.; Polderman, N.; Sibley, J.; Sibley,
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Relw&hfg'_r%wﬁ_eréesariidi\gtgﬁ_d-é?}ntibody—associated atypical hemolytic uremic syndrome (aHUS) with an

underlying complement factor H-related protein mutation was found in a 10-year-old boy with a positive COVID-19
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disease. Kidney Int. 2018, 94, 861-8609.

GO e PresentationPresentationPresentation

and Age Onset L . n
2 Country (yrs) Creatinine Proteinuria  Albumin

RBC per
High Kidney Treatment Clinical

Sex Ethnicity Comorbidities  Pathology PoweredBiopsy Received Outcome

of Report Relapse (mgldL) (g/Day) (g/dL) Field
Remote
/.
2 cerebrovascular \.,
accident, Recoven
ESKD Acute y
. . . of graft
secondary to discontinuation .
. ) function,
microscopic 2.3 and of MMF, .
o polyangitis increasing required two discharged
[22] . ~
CL 16 M Black (PANCA Collapsing N t04.7 17 1.2 Nl Yes  dosesof IV 2l
United o Glomerulopathy ~ Onset . . . MMF
Stan vasculitis), (baseline immunoglobulin e .
2 ates live-donor 1.5) supportive back to ’NA N
transplant treatment
recipient- otherwise regular |ne
R doses y
previous acute
antibody
rejection
o) Danielet 15 F  Hispanic ESKD T-cell-mediated New- 2.1 0.31 4 272 Yes Steroids and Discharged _
< al @ secondary to rejection Onset  (baseline is Bamlanvimab with some «
United decreased 0.5) was recovery of
States nephron mass. administered graft
Patient as post COVID- function.
received 19 therapy

3.].. nail, Jv. OWCIVIUTOTIIDILUVT 1ITUIITULUL DYTHIUITUITIT Allu JuvTlHIT Jvivpatu e aiuinius. rocuiatl. INcul |r0|.

2002, 11, 975-976.

32. Bilginer, Y.; Akpolat, T.; Ozen, S. Renal amyloidosis in children. Pediatr. Nephrol. 2011, 26, 1215—
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Poorer outcomes following COVID-19 infection in children and adolescents with prior kidney transplantation are

expected due to chronic immunosuppression and other co-existing co-morbidities, such as diabetes, mellitus and
hypertension, now recognized as significant risk factors for mortality following acute COVID-19 infection 241551561,

Due to the lack of reported cases, the precise mechanisms of how acute COVID-19 infection causes kidney
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transplant rejection and other transplant-associated conditions in children and adolescents requires further
exploration. The lack of reported cases may be attributed to the fact that during the first wave of the COVID-19
pandemic, many children with transplanted kidneys were shielding with schools being closed. In our region, the
North West of the UK, this has resulted in an extremely low incidence of COVID-19 within this population due to
infrequent testing of COVID-19 status.

There remain knowledge gaps in our understanding of the mechanisms associating intrinsic kidney pathologies
and COVID-19 infection. Incomplete data regarding kidney histopathology due to limitations in performing kidney
biopsy and other invasive investigations for many cases involving children and adolescents has contributed to this.
There was a published case series of AKI presentations with proteinuria and hematuria in children and
adolescents, following positive COVID-19 PCR results BZ. However, these cases were not included in our
systematic review, due to the lack of diagnoses provided from these reports. In other instances, it is difficult to
clearly delineate and distinguish the differences between intrinsic kidney pathology caused by MIS-C, and cases
that result from a direct viral invasion from COVID-19. Questions remain regarding whether genuine cases of
COVID-19 infection-related kidney disease have been missed due to mistimed testing. There have been cases
where the appearance of new-onset kidney pathology could not be directly attributed to acute COVID-19 infection,
although the patient’s clinical presentation and timeline supported the likelihood of COVID-19-associated iliness
(581 Whilst the co-morbidity status of children and adolescents may associate with greater risks of developing these
manifestations following COVID-19 infection, in particular for relapsed rather than new-onset kidney disease,
further work is required to determine the mechanisms by which acute COVID-19 infection induces renal disease,
and to what extent these presentations are impacted by the presence of other confounding factors. The variations
in clinical and pathological intrinsic kidney manifestations are currently difficult to explain, due to the relative novelty
and lack of case numbers.
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