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SARS-CoV-2 Infection in Children with
Idiopathic Nephrotic Syndrome: A
Multicentric Study
A multicenter retrospective study was conducted to assess the
clinical spectrum of 30 severe acute respiratory syndrome
coronavirus (SARS-CoV-2)-positive children with idiopathic
nephrotic syndrome. Difficult to treat nephrotic syndrome was
found to be a high-risk group with a high incidence of acute
kidney injury and mortality.
Keywords: Acute kidney injury, Difficult to treat nephrotic
syndrome.

During the global pandemic of severe acute respiratory
syndrome coronavirus (SARS-CoV-2) infection, ‘shield-
ing’ was advocated for children with underlying chronic
disease and/or on long-term immunosuppression to pre-
vent adverse outcomes. However, it did not prove to be
useful. A study across 30 countries, of over 100 children
with renal diseases, including those on immuno-suppre-
ssion, reported mild SARS-CoV-2 infection with a low
mortality restricted to low- and middle-income countries
(LMICs) [1]. As data on children with renal diseases and
coronavirus infection (COVID-19) in LMICs is lacking, we
studied the epidemiological profile, clinical manifestations
and complications in children with neph-rotic syndrome
with SARS-CoV-2 infection.

We retrospectively reviewed 30 SARS-CoV-2 infected
children (21 hospitalized) with idiopathic nephrotic synd-
rome across four tertiary care hospitals between 1 April,
2020 to 15 February, 2021 [2]. Patients were diagnosed by
either nasal or oropharyngeal swabs using reverse trans-
criptase polymerase chain reaction (RT-PCR) and/or serum
SARS-CoV-2 antibody levels and categorized based on
national guidelines [3].

Treatment regimens were modified in hospitalized
patients - i) Those currently on steroids or having received
in last year were prescribed stress dose of steroids (0.3-0.5
mg/kg/day daily) till clinical and biochemical improve-
ment;  ii) Immunosuppression like mycofenolate mofetil
(MMF), calcineurin inhibitors (CNIs) were withheld and
restarted at same dose later; and iii) Biologicals like
rituximab etc. were deferred. Out-patient management
continued unmodified. Therapy for COVID-19 was largely
supportive. Baseline serum creatinine was estimated using
height independent method by Hoste (age) equation and
estimated creatinine clearance (eGFR) of 120 mL/min/1.73
m2 for children older than two years, while age-based
normative eGFR was used for children ≤2 years of age. The

rise from baseline to peak serum levels categorized the
stage of AKI [4,5]. Complications including sepsis, shock,
pneumonia, myocarditis and multisystem inflammatory
syndrome in children (MIS-C) were treated. Steroid resis-
tant NS (SRNS) and/or steroid dependent NS (SDNS) with
failure of ≥2 immunosuppressive drugs or those with
features of steroid toxicity were labelled as ‘difficult to
treat’ NS (DTTNS) [2]

Of the 30 children reviewed, 21(70%) children with
moderate to severe illness were hospitalized for a mean (SD)
duration of 7.23 (6.43) days. With 23 (76.6%) children in
relapse, the most common presenting complaint was fever
(33.3%) followed by cough (30.0%) (Web Table I). Majority
were SRNS (33.3%), and 12 (40%) were DTTNS. Respi-
ratory support was required in 8 (26.6%) (3 mechanical
ventilation) while 9 (30%) children developed AKI: 1 in
stage 1, and 4 each in stage 2 and stage 3. A total of four
children in the study progressed to stage 3 AKI, of which 3
succumbed (75%) as no patient could avail dialysis
(Web Table I).

The most common immunosuppression was oral
glucocorticoids (96.6%) followed by both MMF (23.3%)
and CNI (23.3%) (Web Table I). Two patients received
rituximab, one of whom had received a single dose one
week prior to testing SARS CoV-2 positive and eventually
died. The second patient had received two doses in last 2
years and was admitted for hypovolemia and edema
control.  In our study, 7 patients were diagnosed as first
episode of nephrotic syndrome (FENS) of which four were
RT-PCR positive, one diagnosed after 6 weeks of therapy
and 2 retrospectively with positive SARS-CoV-2 anti-
bodies. They all achieved complete remission after
standard therapy.

Five (16.6%) children died and all of these had DTTNS.
Three patients succumbed to respiratory failure with
pneumonia; two patients had refractory shock while one
had both as the immediate cause of death. Shock and use
of nephrotoxic drugs was significantly higher in children
with DTTNS than other categories of NS (Table I). Among
children with DTTNS, 6 (50%) developed AKI with 33.3%
progressing to stage 3 AKI (P<0.05).

While majority of children reported a mild-moderate
type of illness, DTTNS was recognized as a high-risk
group significantly associated with mortality. This may be
due to the underlying etiology and higher use of immuno-
suppressive drugs. Onset of nephrotic syndrome after
other viral illnesses like H1N1 is known, with occasional
reports of cases after SARS CoV-2 infection [6,7]. In our
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study, four among seven children with FENS were RTPCR-
positive, while two were retrospectively diagnosed with
positive COVID anti-body levels. Whether this is a temporal
or a causal associa-tion with SARS-CoV-2 remains to be
ascertained. Renal biopsy with definitive histological
changes may clarify the pathogenesis.

Though, chronic illness, long-term immunosuppres-
sion and frequent hospital visits are known to increase risk
of infections, including COVID-19; overall, a good outcome
of non-renal pathologies on immunosuppression like
hematological neoplasia/solid tumors and rheumatic
diseases has been reported [8,9]. Associated sepsis and
limited availability of hemodialysis could be responsible for
a higher mortality in our study (17.2%) [10]. Lack of assess-
ment of urine output, response to therapy and association
of degree of proteinuria with AKI and mortality, limited our
inference regarding these associations.

To conclude, children with DTTNS with SARS-CoV2
infection, comprise a high-risk group among children with
NS, and require careful monitoring for complications like
AKI. Availability of dialysis facilities in COVID wards may
improve outcomes. Further research on larger number of
children with NS may help understanding viral clearance
time, time to achieve remission and long-term outcomes.
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TABLE I   Clinical and Management Characteristics of Children With Nephrotic Syndrome (N=30)

Characteristics DTTNS (n=12) Other  categories (n=18) OR (95% CI) P value

Sepsis 8 (66.6) 9 (50.0) 2.0 (0.43-9.09) 0.367
Methylprednisolone 2 (16.7) 0 8.8 (0.38-201) 0.073
Nephrotoxic drugs 9 (75) 0 100 (4.68-2152) -
Pneumonia 5 (41.7) 4 (22.2) 2.5 (0.50-12.2) 0.255
Ventilation 2 (16.7) 1 (5.6) 3.4 (0.27-42.4) 0.32
Mortality 5 (41.7) 0  27.13 (1.32-554) 0.003
Shock 3 (25.0) 0  13.6 (0.63-292) 0.025

DTTNS: difficult to treat nephrotic syndrome.

76



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


