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Steroid-sensitive nephrotic syndrome in children:
triggers of relapse and evolving hypotheses
on pathogenesis
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Abstract

Nephrotic syndrome remains the most common manifestation of glomerular disease in childhood. Minimal change
nephropathy is the most common cause of the syndrome in children. Despite its initial high response rate to
corticosteroids and its favorable prognosis, relapses are common leading to increased morbidity and cost of treatment.
This review seeks to appraise the common triggers of relapse and to highlight the evolving hypotheses about the
pathogenesis of the syndrome. Literature search was conducted through PubMed, Google web search and Cochrane
Database of Systematic reviews using relevant search terms.
Acute respiratory infections and urinary tract infections are the most frequent infectious triggers of relapse. Targeted
interventions like initiating corticosteroid or its dose-adjustment during episodes of acute respiratory infection and
zinc supplementation are reportedly effective in reducing relapse rates. Hypotheses on pathogenesis of the syndrome
have evolved from the concepts of ‘immune dysregulation’, ‘increased glomerular permeability’ to ‘podocytopathy’.
Although development of drugs which can regulate the pathways for podocyte injury offers future hope for
effective and targeted treatment, the relapse-specific interventions currently contribute to significant reduction in
disease morbidity.
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Introduction
Nephrotic syndrome refers to the tetrad of edema,
‘nephrotic- range’ proteinuria, hypoalbuminemia, and hy-
perlipidemia. Nephrotic- range proteinuria in the pediatric
age group is defined as protein excretion of more than
40 mg/m2/hour. In children, 24 hour-urine collections are
unreliable. Thus, a single, first morning urine sample is
now preferably used to quantify protein excretion by the
estimation of the urine protein/creatinine ratio [1]. From
the new management guidelines released by the Kidney
Disease: Improving Global Outcomes (KDIGO) group,
urine protein/creatinine ratio of ≥ 2000 mg/g correlates
with ‘nephrotic-range’ proteinuria or dip-stick proteinuria
of 3+ [2].
Nephrotic syndrome remains the most common

manifestation of glomerular disease in childhood [3].
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(ISKDC) noted in a report that the vast majority of
pre-adolescent children with idiopathic nephrotic syn-
drome had minimal change nephropathy (MCN) on renal
biopsy [4]. This histological subtype is the most common
cause of nephrotic syndrome in children [5]. More than
90% of children with minimal change nephropathy achieve
remission with oral corticosteroids and thus have steroid-
sensitive nephrotic syndrome (SSNS) [6,7]. By contrast,
the majority of children with the second most common
histological subtype- focal segmental glomerulosclerosis
(FSGS) - do not respond to corticosteroids. Only 20% re-
spond to the medication with a high risk of developing
end-stage renal failure [5,8].
Despite the initial response rate of 90% to 95% and the

favorable prognosis in children with SSNS, relapses
occur in 60% to 90% of the initial responders which
can lead to increased morbidity, complications and de-
creased quality of life [7,9,10]. The disease progresses to
frequent relapses, often accompanied by steroid depen-
dence in about 20% to 60% of patients [11]. Relapses are
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also associated with the risk of complications such as
sepsis, thrombosis, dyslipidemia and malnutrition [12],
while treatment with high-dose prednisolone is asso-
ciated with significant adverse effects like hip avascular
necrosis, hypertension, diabetes and behavioral disorders
[13]. These challenges in management have led to the use
of various long-term immunosuppressive and steroid-
sparing strategies to reduce the frequency of relapses
which include long-term, low-dose alternate day pred-
nisolone, cyclophosphamide, levamisole, calcineurin in-
hibitors such as cyclosporine A (CsA) or tacrolimus,
mycophenolate mofetil (MMF) and rituximab.
It is currently recognized that at least 50% of relapses

are triggered by a viral upper respiratory tract infection
[14-16]; which may be linked to non-specific host re-
sponse to infection (cytokine release) rather than to viral
antigen or antibody response [15]. Thus, other infections
such as urinary tract infection (UTI), diarrhea, perito-
nitis and skin infections have also been implicated [14].
Studies have established the role of UTI as an important
cause of relapse, as well as the cause of poor response to
steroid therapy [17-19]. Based on these reports which
have identified specific triggers of relapse, targeted inter-
ventions have been shown to alter disease morbidity.
Interestingly, the recent KDIGO Summary of Recom-

mendation statements in the clinical practice Guideline
for Glomerulonephritis advises “that daily prednisolone
be given during episodes of upper respiratory tract and
other infections to reduce the risk for relapse in children
with frequently relapsing and steroid dependent SSNS
already on alternate day prednisolone” [20].
This review seeks to appraise the triggers of relapse, as

well as to highlight the evolving hypotheses about the
pathogenesis of nephrotic syndrome.

Literature search: strategy and outcome
Literature search was conducted through PubMed,
Google web search and Cochrane Database of Systematic
reviews over a period of six months (July to December,
2014). Using a combination of the following search terms
‘nephrotic syndrome in children’, ‘pathogenesis’, ‘triggers
of relapse’, ‘zinc supplementation’, ‘steroid use in preven-
ting relapse’ and ‘immunosuppressive drugs’, the search
yielded 6,060 results by Google, 145 results by PubMed
and 11 Cochrane reviews. Prospective and retrospective
studies relevant to the objectives of the review and pub-
lished in peer-reviewed journals were subsequently se-
lected. Information was also gathered from textbooks
published within the past ten years.

Pathogenesis of nephrotic syndrome: evolving
hypotheses
The pathogenesis of nephrotic syndrome remains in-
completely resolved despite the strong evidence of
immune dysregulation, mainly involving cell-mediated
immunity. The tendency of the disease to manifest and
relapse after viral infections or an atopic episode, the as-
sociation with HLA antigens and Hodgkin’s lymphoma,
and the therapeutic response to steroids and cyclospor-
ine support the ‘immune dysregulation’ hypothesis [21].
In fact, abnormalities of T cell subsets and/or function
have been reported in a number of patients with mini-
mal change nephropathy [22-24].
Antigen presentation to T lymphocytes leads to a polar-

ized immune response namely type 1(dominated by inter-
leukin 2) and type 2 (dominated by interleukins 4, 10 and
13). Type 1 cytokines predominate in cell-mediated im-
munity and type 2 cytokines in atopy and class-switching
of B-cells for production of IgG4 and IgE [25]. The fin-
dings of increased plasma levels of IgE, relatively normal
IgG4 and association with atopy suggest type 2 cytokine
bias in patients with minimal change nephropathy [21].
Increased systemic production of representative cytokines,
chiefly interleukin-4 is also reported while in vitro studies
suggest that podocytes express receptors for interleukin-4
and interleukin-13; activation of these receptors by the re-
spective cytokines might disrupt glomerular permeability
resulting in proteinuria [26].
Another hypothesis that evolved was the role of a sys-

temic circulating factor which might result in increased
glomerular permeability in patients with minimal change
nephropathy and focal segmental glomerulosclerosis [21].
Various vascular permeability factors have been implicated
including vascular endothelial growth factor, heparanase
and hemopexin [27]. Heparanase is thought to increase
the permeability of glomerular capillary wall by breaking
down heparin sulphate glucosaminoglycans. This degrad-
ation has long been postulated as a cause of increased
glomerular permeability to proteins [28].
However, recent evidence suggests that the primary

defect in idiopathic nephrotic syndrome might be at the
level of podocytes (the glomerular visceral epithelial
cell). Conventional immunosuppressive agents like
glucocorticoids and CsA are now known to directly
affect podocyte structure and function; challenging the
“immune theory” of the pathogenesis of childhood
nephrotic syndrome and portraying the disease as a
‘podocytopathy’ [29]. Injury to the podocyte can indeed
occur in many immunological and non-immunological
diseases of the kidney. Acquired podocytopathies like
idiopathic MCN and FSGS are considered as immuno-
logical diseases.
A hypothesis to unify these concepts of immune dys-

regulation, increased glomerular permeability and podo-
cytopathy is yet to be proposed [21], but the speculation
that critical podocyte proteins are probably potential tar-
gets for T cell cytokines or vascular permeability factors
still needs further confirmation [24,27].
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Nevertheless, the podocyte evidently plays a key role
both in the maintenance of the glomerular filtration
barrier and structural integrity, as its injury and loss
contribute to proteinuria and progressive sclerosis [30].
Immunosuppressive agents such as corticosteroids and
calcineurin inhibitors (CsA and tacrolimus) are known
to have direct effects on podocytes through regulation of
some cytokines and several signaling pathways relevant
for stabilizing their actin cytoskeleton, cell maturation
and survival [30]. These non-immunological actions thus
protect the podocyte against injury and loss resulting in
their anti-proteinuric effect in nephrotic syndrome.
Although the pathogenic mechanism for nephrotic

syndrome has traditionally focused on dysregulation of
T cells, there is increasing evidence that B cells also play
a role given the efficacy of rituximab in treating the
disorder [31]. Rituximab is a chimeric monoclonal anti-
body against the CD 20 receptors on B cells initially
used for depletion of B cells in a variety of neoplastic
and immune-mediated disorders [32], but was first re-
ported to treat a child with nephrotic syndrome in 2004
[33]. In steroid-dependent or resistant cases, partial or
complete remission rates of 70-85% are documented
with many patients able to stop their immunosuppres-
sive medications [31]. The exact mechanism of action
remains unclear but it has been proposed that induction
of regulatory T cells may lead to a late effect on decrea-
sing proteinuria long after completion of therapy [34].
Current evidence from observational studies suggests
that rituximab can induce the remission of nephrotic
syndrome in patients with membranous nephropathy
[35-37], MCN [33,38,39], and FSGS [40,41].

Relapse: common triggers and targeted interventions
The common patterns of relapse in SSNS include infre-
quent relapses (1 relapse in 6 months or 1–3 relapses in
12 months) [2]; frequent relapses (2 or more relapses in
6 months of initial response or 4 or more relapses in any
12 month-period); and steroid dependence (2 consecu-
tive relapses during steroid therapy or within 2 weeks of
its cessation) [2,42,43]. About 50%-60% of children with
SSNS have frequent relapses or steroid dependence.
Factors documented as predictors of frequent relapses
include age younger 3 years at onset, delayed time to re-
mission (after 7–9 days), occurrence of an early relapse
(in the first 6 months after initial treatment) and short
initial therapy [43-49].
Identification of triggers of relapse in SSNS has led to

targeted interventions which aim to ameliorate disease
morbidity. An appraisal of studies on the subject shows
the prime role of infections in causing relapse [14-19]
although one of the studies has also reported school
events and up-coming hospital visits as triggers [16].
Amongst the infectious triggers, respiratory tract infection
consistently ranks as the most prominent and fre-
quent factor irrespective of geographical setting [14-16,50]
(Table 1). However, urinary tract infection assumes a more
frequent role in other studies [17-19].
In these studies [14-16], the average prevalence rate of

respiratory tract infection as a trigger of relapse was
approximately 66.9%. It is note-worthy that two of the
studies were prospective [15,50], while the rest were
retrospective [14,16] with their obvious limitations. It is
therefore not surprising that the KDIGO recommenda-
tion of initiating daily prednisolone during episodes of
upper respiratory infections is tagged with a low quality
of evidence (grade C) [20].
Nevertheless, prospective interventional studies indi-

cate that relapses are significantly reduced when the
maintenance doses of corticosteroids are increased at
the onset of viral upper respiratory infections [51,52], or
when daily corticosteroids are given during onset of viral
upper respiratory infections [50,53]. To underscore the
importance of respiratory infections as triggers of re-
lapse, zinc supplementation has also been found to re-
duce relapses in children with SSNS [54,55], based on
the documented role of zinc in preventing these infec-
tions in children [56,57].
In the non-blind, randomized controlled trial conducted

in a tertiary health-care setting by Gulati et al. [50], 100
children aged 1 to 16 years with recently diagnosed idio-
pathic frequently relapsing nephrotic syndrome were
studied and were eligible for therapy with long-term,
alternate-day prednisolone (0.5 mg-0.75 mg/kg) with or
without levamisole (2 mg/kg). They were randomized to
either receive their usual alternate-day prednisolone daily
for 7 days during intercurrent infections (intervention
group) or continue alternate-day prednisolone (control
group). Sixty eight patients were treated with alternate-
day prednisolone alone while 32 patients received alternate-
day prednisolone and levamisole. At the 12-month
follow-up, there were 44 relapses (31 infection-associated)
in the intervention group as compared with 76 relapses
(56 infection-associated) in the control group. Patients
in the intervention group showed significantly lower
infection-associated relapse rates and lower total relapse
rates (Table 2). There was no increase in steroid toxicity:
cushingoid features were seen in 4 patients (intervention
group) and 5 patients (control group) while 2 patients de-
veloped cataract.
In another prospective study by Mattoo and colleague

[51], 36 children with steroid-dependent, relapsing neph-
rotic syndrome were placed on a maintenance alternate-
day prednisolone therapy of 0.5 mg/kg. The patients
were prospectively divided into two groups with compar-
able age and sex distribution. Group 1 patients were ad-
vised to take daily prednisolone for 5 days starting at the
time of the onset of an upper respiratory infection.



Table 1 Comparison of study findings on common triggers of relapse in SSNS in children

Country Triggers Frequency (%) Study

-Pakistan (Asia) -Infections −62.9% Moorani KN [14]

(i) ARIa −54.5% (retrospective study)

(ii) Diarrhea −22.3%

(iii) UTIb −8.2%

(iv) Others −15.0%

-Poor compliance −10.4%

-Unknown −26.7%

-Canada (N. America) -ARI (URI) −69.0% McDonald N et al. [15]

-no ARI (URI) −31% (prospective study)

-Japan (Asia) -ARI (URI) −52% Takahashi S et al. [16]

-School events −18% (retrospective study)

-Others −30%

-India (Asia) -URIc −92% -Gulati A et al. (2011) [50]

-Gastroenteritis −6% (prospective study)

-Fever without localized signs −2%
aARI-acute respiratory infections; bUTI-urinary tract infections; cURI-Upper respiratory infections.
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Those in group 2 remained on alternate-day prednisol-
one during episodes of upper respiratory infection. At
the end of the 2 year follow-up period, the total number
of relapses in group 1 was 40 with a mean of 2.2 ± 0.87
per patient as compared with 99 relapses with a mean of
5.5 ± 1.33 per patient in group 2.
Furthermore, Abeyagunawardena and co-worker [52]

conducted a randomized, double-blind, placebo-controlled
crossover trial of 40 sequential patients receiving low-dose
prednisolone (<0.6 mg/kg) on alternate days as mainten-
ance therapy. At the first sign of a presumed viral upper
respiratory tract infection, the children were examined and
randomly allocated to take medicine A or B containing
either prednisolone or placebo in the first viral upper re-
spiratory tract infection and vice versa in the second epi-
sode of the infection. If the criteria for diagnosis of a viral
upper respiratory infection were met, the new drug was
prescribed on daily basis for 1 week at the same dose as
Table 2 Relapse rates and cumulative prednisolone dosage a

Intervention group

n = 49

Infection-associated 0.7 ± 0.3 (0.6,1.1)

Relapses (episodes/patient per year)a

Total relapses (episodes/patient per year)a 0.9 ± 0.4 (0.7, 1.2)

Cumulative prednisolone (mg/kg per year)b 120 ± 32 (105,131)
aRelapse rates are the mean incidence density rates ± SD (95% confidence interval)
bThe data are expressed as the means ± SD (95% confidence interval).
-Adapted and reproduced with permission from Gulati et al. Clin J Am Soc Nephrol 6:6
that of the prednisolone being taken by the patient on
alternate-day basis. The relapse rate after viral upper re-
spiratory infection was 48% in the placebo group and 18%
in the prednisolone group. Although all the three studies
had some methodological flaws, they were all randomized
controlled trials with adequate baseline similarities bet-
ween groups, and they all demonstrated that a 5 to7-day
course of daily prednisolone as the intervention during in-
fectious triggers of relapse significantly reduced the risk of
relapse; making it an easy treatment option which would
be cost-effective compared to treating multiple relapses.
Zinc supplementation is another interventional meas-

ure noted to reduce relapse rates in patients with SSNS;
reported in two randomized controlled trials.
In the double-blind randomized study in India [54], 81

patients with SSNS, aged 1–16 years were stratified into
frequent relapsers (n = 52) and infrequent relapsers
(n = 29). They were randomized to receive 12-months of
t 12-month follow-up

Control group Rate p

n = 46 Difference

1.4 ± 0.5 (1.2,1.9) 0.7 (0.3,1.1) <0.01

1.8 ± 0.5 (1.4, 2.2) 0.9 (0.4, 1.4) <0.0001

Mean

Difference

138 ± 22 (112,144) 16 (−26, 38) 0.3

.

3–69, January, 2011.
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therapy with recommended dietary allowance of zinc
(10 mg/day) (n = 40) or placebo (n = 41). Patients with
frequent relapses also received long-term, alternate-day
prednisolone. Subjects receiving zinc showed a 20%
lower frequency of relapses with 44.7% of the patients
having sustained remission compared to 27.5% in the
placebo group. Patients with frequent relapses receiving
zinc showed a 28% reduction in relapse rates and a sig-
nificantly higher likelihood of sustained remission. Simi-
larly, in another randomized-controlled trial recently
conducted in Pakistan [55], two groups of 60 nephrotic
children aged 2 to 15 years who received zinc supple-
ments and placebo for 6 months were compared. Des-
pite similar pre-study relapses and zinc levels in both
groups, the post-study relapses in zinc group were lower
(28%) compared to the placebo group (34.5%). In
addition, the relapse rate reduction was 43% after zinc
supplementation compared to 27% reduction in placebo
group. With respect to adverse reactions, metallic taste
was observed in 10% of cases.

Conclusions
For pediatricians and pediatric nephrologists, there is a
strong evidence to institute relapse-specific interventions
in children with SSNS. Despite the generally good prog-
nosis of the disease in children, the associated frequent re-
lapses may lead to increased morbidity and potentially
fatal outcomes. For more than 5 decades, corticosteroids
have remained the mainstay of treatment for children with
nephrotic syndrome especially those with MCN although
their target cell or mechanism of action in nephrotic syn-
drome is not clearly understood [29]. Nevertheless, the
recognition of the crucial role of podocyte injury in neph-
rotic syndrome has resulted in many new studies which
have identified several important molecular pathways that
can regulate podocyte injury; giving new evidence that in-
dicates that the disease results from podocyte dysfunction
[29]. Development of drugs which can affect these path-
ways holds prospects for targeted and effective treatments
for nephrotic syndrome in future.
The new discoveries however do not preclude the need

for the use of immunosuppressive agents like corticoste-
roids or CsA since these drugs also directly affect podocyte
structure and function. Thus, the KDIGO recommenda-
tion of prescribing daily prednisolone during episodes of
upper respiratory infections remains a relevant interven-
tion aimed to reduce the risk of relapse. In tandem with
this recommendation is the use of zinc supplements which
reduces both the frequency of respiratory tract infections
and relapse rates. Prompt search and treatment for UTI
should not be overlooked by clinicians managing children
with nephrotic syndrome. These relapse-specific interven-
tions can reduce the morbidity associated with frequent
relapses and ultimately improve the child’s quality of life.
Abbreviations
CsA: Cyclosporine A; FSGS: Focal segmental glomerulosclerosis;
HLA: Histocompatibility antigen; ISKDC: International Study of Kidney Disease
in Children; KDIGO: Kidney Disease: Improving Global Outcomes; MCN: Minimal
change nephropathy; MMF: Mycophenolate mofetil; SRNS: Steroid-resistant
nephrotic syndrome; SSNS: Steroid-sensitive nephrotic syndrome; UTI: Urinary
tract infection.

Competing interests
The author declares that he has no competing interests.

Authors’ information
Senior lecturer in Pediatrics, College of Medicine, University of Nigeria,
Nsukka.
Honorary Consultant Pediatrician, Pediatric Nephrology Unit, UNTH Ituku-Ozalla,
Enugu, Enugu State, Nigeria.

Received: 6 November 2014 Accepted: 4 March 2015

References
1. Hogg RJ, Portman RJ, Milliner D, Lemley KV, Eddy A, Ingelfinger J. Evaluation

and management of proteinuria and nephrotic syndrome in children:
recommendations from a pediatric nephrology panel established at the
National Kidney Foundation conference on proteinuria, albuminuria, risk,
assessment, detection, and elimination (PARADE). Pediatrics. 2000;105:1242–9.

2. Lombel RM, Gipson DS, Hodson EM. Treatment of steroid-sensitive nephrotic
syndrome: new guidelines from KDIGO. Pediatr Nephrol. 2013;28:415–26.

3. Eddy AA, Symons JM. Nephrotic syndrome in childhood. Lancet.
2003;362:629–39.

4. International Study of Kidney Disease in Children. Nephrotic syndrome in
children. Prediction of histopathology from clinical and laboratory
characteristics at time of diagnosis. Kidney Int. 1978;13:159–65.

5. Churg J, Habib R, White RH. Pathology of the nephrotic syndrome in
children: a report for the International Study of Kidney Disease in Children.
Lancet. 1970;760:1299–302.

6. Trumpeter RS, Lloyd BW, Hicks J, White RH, Cameron JS. Long-term
outcome for children with minimal change nephrotic syndrome. Lancet.
1985;1:368–70.

7. International Study of Kidney Disease in Children. The primary nephrotic
syndrome in children. Identification of patients with minimal change
nephrotic syndrome from initial response to prednisone. Pediatr.
1981;98:561–4.

8. International Study of Kidney Disease in Children. Primary nephrotic
syndrome in children. Clinical significance of histopathologic variants of
minimal change and of diffuse mesangial hypercellularity. Kidney Int.
1981;20:765–71.

9. Tarshish P, Tobin JN, Bernstein J, Edelmann Jr CM. Prognostic significance of
the early course of minimal change nephrotic syndrome: Report of the
International Study of Kidney Disease in Children. J Am Soc Nephrol.
1977;8:769–76.

10. International Study of Kidney Disease in Children. Nephrotic syndrome in
children: a randomized controlled trial comparing two prednisolone
regimens in steroid-responsive patients who relapse early. J Pediatr.
1982;95:239–43.

11. Teeninga N, Kist-van Holthe JE, Nauta J. Extending Prednisolone Treatment
Does Not Reduce Relapses in Childhood Nephrotic Syndrome. J Am Soc
Nephrol. 2012;24:149–59.

12. Webb NJA. Epidemiology and general management of childhood idiopathic
nephrotic syndrome. In: Molony D, Craig J, editors. Evidence-based Nephrology.
Oxford, UK: Wiley-Blackwell; 2008.

13. Hall AS, Thorley G, Houtman PN. The effects of corticosteroids on behavior
in children with nephrotic syndrome. Pediatr Nephrol. 2003;18:1220–3.

14. Moorani KN. Infections are common a cause of relapse in children with
Nephrotic syndrome. Pak Paed J. 2011;35:213–9.

15. MacDonald N, Wolfish N, Mclaine P, Phipps P, Rossier E. Role of respiratory
viruses in exacerbations of primary nephrotic syndrome. J Paediatr.
1986;108:378–82.

16. Takahashi S, Wada N, Murakami H, Funaki S, Inagaki T, Harada K, et al.
Triggers of relapse in steroid-dependent and frequently relapsing nephrotic
syndrome. Pediatr Nephrol. 2007;22:232–6.



Uwaezuoke Italian Journal of Pediatrics  (2015) 41:19 Page 6 of 6
17. Gulati S, Kher V, Gupta P, Arora P, Rai K, Sharma K. Spectrum of infections in
Indian children with nephrotic syndrome. Pediatr Nephrol. 1995;9:431–4.

18. Shenguttuvan P, Ravanan K, Prabhu N, Tamilarasi V. Infections encountered
in childhood nephrotics in a pediatric renal unit. Indian J Nephrol.
2004;14:85–8.

19. Afroz S, Khan Hossain MA, Roy KD, Ahmed F, ul Qadir M, Hanif M. Urinary
Tract Infection (UTI) is associated with higher rate of relapse in children
with nephrotic syndrome. DS (Child) H J. 2010;26:82–6.

20. Kidney Disease: Improving Global Outcomes (KDIGO) Glomerulonephritis
Work Group. KDIGO Clinical Practice Guideline for Glomerulonephritis.
Kidney Inter Suppl. 2002;2:139–274.

21. Bagga A, Mantan M. Nephrotic syndrome in children. Indian J Med Res.
2005;122:13–28.

22. Neuhaus TJ, Shah V, Callard RE, Barratt TM. T-lymphocyte activation in
steroid-sensitive nephrotic syndrome in childhood. Nephrol Dial Transplant.
1995;10:1348–52.

23. Bagga A, Vasudev AS, Moudgil A, Srivastava RN. Peripheral blood
lymphocyte subsets in idiopathic nephrotic syndrome of childhood. Indian
J Med Res. 1996;104:292–5.

24. Mathieson PW. Immune dysregulation in minimal change nephropathy.
Nephrol Dial Transplant. 2003;18:26–9.

25. Mosmann TR, Coffman RL. TH 1 and TH 2 cells: different patterns of
lymphokine secretion lead to different functional properties. Annu Rev
Immunol. 1989;7:145–73.

26. Van Den Berg JG, Aten J, Chand MA, Claessen N, Dijkink L, Wijdenes J, et al.
Interleukin-4 and interleukin-13 act on glomerular visceral epithelial cells.
J Am Soc Nephrol. 2000;11:413–22.

27. Brenchley PE. Vascular permeability factors in steroid sensitive nephrotic
syndrome and focal segmental glomerulosclerosis. Nephrol Dial Transplant.
2003;18:21–5.

28. Holt RC, Webb NJ, Ralph S, Davies J, Short CP, Brenchley PE. Heparanase
activity is dysregulated in children with steroid-sensitive nephrotic
syndrome. Kidney Int. 2005;67:122–9.

29. Greenbaum LA, Benndorf R, Smoyer WE. Childhood nephrotic syndrome-
current and future therapies. Nat Rev Nephrol. 2012;8:445–58.

30. Schonenberger E, Ehrich JH, Haller H, Schiffer M. The podocyte as a direct
target of immunosuppressive agents. Nephrol Dial Transplant. 2011;26:18–24.

31. Tullus K, Marks SD. Indications for use and safety of rituximab in childhood
renal diseases. Pediatr Nephrol. 2013;28:1001–9.

32. Scott SD. Rituximab: a new therapeutic monoclonal antibody for
non-Hodgkin’s lymphoma”. Cancer Pract. 1998;6:195–7.

33. Benz K, Dotsch J, Rascher W, Stachel D. Change of the course of steroid-
dependent nephrotic syndrome after rituximab therapy. Pediatr Nephrol.
2004;19:794–7.

34. Bruneau S, Dantal J. New insights into the pathophysiology of idiopathic
nephrotic syndrome. Clin Immunol. 2007;122:62–74.

35. Remuzzi G, Chiurchiu C, Abbate M, Brusegan V. Rituximab for idiopathic
membranous nephropathy. Lancet. 2002;360:923–4.

36. Ruggnenti P, Chiurchiu C, Brusegan V, Abbate M. Rituximab in idiopathic
membranous nephropathy: a one-year prospective study. J Am Soc Nephrol.
2003;14:1851–7.

37. Fervenza FC, Cosio FG, Erickson SB, Specks U, Herzenberg AM, Dillon JJ.
Rituximab treatment of idiopathic membranous nephropathy. Kidney Int.
2008;73:117–25.

38. Gilbert RD, Hulse E, Rigden S. Rituximab therapy for steroid-dependent
minimal change nephrotic syndrome. Pediatr Nephrol. 2006;21:1698–700.

39. Yang T, Nast CC, Vo A, Jordan SC. Rapid remission of steroid and
mycophenolate mofetil (MMF)-resistant minimal change nephrotic
syndrome after rituximab therapy. Nephrol Dial Transplant. 2008;23:377–80.

40. Pescovitz MD, Book BK, Sidner RA. Resolution of recurrent focal segmental
glomerulosclerosis proteinuria after rituximab treatment. N Eng J Med.
2006;354:1961–3.

41. Suri M, Tran K, Sharma AP, Filler G, Grimmer J. Remission of steroid-resistant
nephrotic syndrome due to focal and segmental glomerulosclerosis using
rituximab. Int Urol Nephrol. 2008;40:807–10.

42. Hamm LL, Batman V. Edema in the nephrotic syndrome: new aspect of an
old enigma. J Am Soc Nephrol. 2003;14:3288–9.

43. Bagga A, Srivatava RN. Nephrotic syndrome. In: Srivastava RN, Bagga A,
editors. Pediatric Nephrology. 4th ed. New Delhi: Jaypee; 2005. p. 159–200.
44. Kabuki N, Okugawa T, Hayakawa H, Tomizawa S, Kasahara T, Uchiyama M.
Influence of age at onset on the outcome of steroid-sensitive nephrotic
syndrome. Pediatr Nephrol. 1998;12:467–70.

45. Yap HK, Han EJ, Heng CK, Gong WK. Risk factors for steroid dependency in
children with idiopathic nephrotic syndrome. Pediatr Nephrol.
2001;16:1049–52.

46. Constantinescu AR, Shah HB, Foote EF, Weiss LS. Predicting first-year
relapses in children with nephrotic syndrome. Pediatrics. 2000;105:492–5.

47. Hodson EM, Willis NS, Craig JC. Non-corticosteroid treatment for nephrotic
syndrome in children. Cochrane Database Syst Rev. 2008;1:CD002290.
doi:10.1002/14651858. CD002290. pub 3.

48. Andersen RF, Thrane N, Noergaard K, Rytter L, Jespersen B, Ritting S. Early
age at debut is a predictor of steroid dependent and frequently relapsing
nephrotic syndrome. Pediatr Nephrol. 2010;25:1299–304.

49. Letavernier B, Letavernier E, Leroy S, Baudet-Bonneville V, Bensman A, Ulinski T.
Prediction of high-degree steroid dependency in Pediatric idiopathic nephrotic
syndrome. Pediatr Nephrol. 2008;23:2221–6.

50. Gulati A, Sinha A, Sreenivas V, Math A, Hari P, Bagga A. Daily corticosteroids
reduce infection-associated relapses in frequently relapsing nephrotic
syndrome: a randomized controlled trial. Clin J Am Soc Nephrol.
2011;6:163–9.

51. Mattoo TK, Mahmoud MA. Increased maintenance corticosteroids during
upper respiratory infection decrease the risk of relapse in nephrotic
syndrome. Nephron. 2000;85:343–5.

52. Abeyagunawardena AS, Trompeter RS. Increasing the dose of prednisolone
during viral infection reduced the risk of relapse in nephrotic syndrome:
a randomized controlled trial. Arch Dis Child. 2008;93:226–8.

53. Webb NJA, Frew E, Brettell EA, Milford DV, Bockenhauer D, Saleem MA, et al.
Short course daily prednisolone therapy during an upper respiratory tract
infection in children with relapsing steroid-sensitive nephrotic syndrome
(PREDNOS 2): protocol for a randomized controlled trial. Trials. 2014;15:147.

54. Arun S, Bhatnagar S, Menon S, Saini S, Hari P, Bagga A. Efficacy of zinc
supplements in reducing relapses in steroid-sensitive nephrotic syndrome.
Pediatr Nephrol. 2009;24:1583–6.

55. Sherali AR, Moorani KN, Chishty SH, Khan SI. Zinc supplement in reduction
of relapses in children with steroid-sensitive nephrotic syndrome. J Coll
Physicians Surg Pak. 2014;24:110–3.

56. Aggarwal R, Sentz J, Miller M. Role of zinc administration in prevention of
childhood diarrhea and respiratory illnesses: a meta-analysis. Pediatrics.
2007;119:1120–30.

57. Roth DE, Richard SA, Black R. Zinc supplementation for the prevention of
acute lower respiratory infection in children in developing countries:
meta-analysis and meta-regression of randomized trials. Int J Epidemiol.
2010;39:795–808.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Literature search: strategy and outcome
	Pathogenesis of nephrotic syndrome: evolving hypotheses
	Relapse: common triggers and targeted interventions

	Conclusions
	Abbreviations
	Competing interests
	Authors’ information
	References

