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Abstract
Vaccines represent the most important medical evolution in the last two centuries allowing prevention and formally eradi-
cation of a wide number of infectious diseases. Safety and effectiveness are main issues that still require an open discus-
sion. A few clinical reports described a critical temporal relationship between vaccination and acute nephrotic syndrome, 
indirectly suggesting an association. For this review, the literature was reviewed to identify articles reporting associations 
of nephrotic syndrome with vaccines against a vast array of infectious diseases (including bacteria, virus and Sars-Cov-2). 
As specific aims, we evaluated effectiveness and safety in terms of occurrence of either “de novo” nephrotic syndrome in 
health subjects or “relapse” in those already affected by the disease. In total, 377 articles were found; 166 duplicates and 
71 non-full text, animal studies or non-English language were removed. After excluding another 50 articles not containing 
relevant data on generic side effects or on relapses or new onset nephrotic syndrome, 90 articles met the search criteria. 
Overall, studies reported the effect of vaccines in 1015 patients, plus 4 nationwide epidemiologic investigations. Limited 
experience on vaccination of NS patients with measles, mumps, and rubella live attenuated vaccines does not allow any 
definitive conclusion on their safeness. VZV has been administered more frequently without side effects. Vaccines utiliz-
ing virus inactivated, recombinant, and toxoid can be utilized without risks in NS. Vaccines for influenza reduce the risk 
of infections during the pandemic and are associated with reduced risk of relapse of NS typically induced by the infection. 
Vaccines for SARS-CoV-2 (all kinds) offer a concrete approach to reduce the pandemic. “De novo” NS or recurrence are 
very rare and respond to common therapies.
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Introduction

The use of vaccines in nephrotic syndrome (NS) is a timely 
topic, discussed over many years. Patients with NS are, in 
fact, at high risk of developing serious infectious complica-
tions based on immune-depression arising from hypogam-
maglobulinemia, urinary loss of complement factors, and 
immunosuppressive agents [1, 2]. Vaccines are the adequate 
answer to prevent infections provided that they achieve a 
sufficient titer of specific antibodies in circulation.

Safety and effectiveness are main issues that still require 
an open discussion. This is particularly true after the COVID 

pandemic that has re-proposed these questions in relation to 
the new anti-COVID mRNA formulations. Safety is particu-
larly relevant to live attenuated preparations since patients 
may be exposed to the risk of developing viral infection 
from the vaccine strains [3]. A second concern is about the 
possibility that post-vaccine serum conversion is limited by 
the presence of proteinuria and/or for the concomitance of 
immune suppressive therapies [4, 5]. Finally, vaccines have 
been proposed as triggers of idiopathic NS, either de novo 
episodes or recurrence based on case reports and association 
studies, a possibility that is critical in children for the intui-
tive reason that most vaccines are administered in childhood. 
Unfortunately, we lack a numerically comparable control 
population of children who did not receive vaccination since 
common vaccinations usually involve about 90–95% of chil-
dren in Western countries.

We here present results deriving from a comprehen-
sive review of the literature on effectiveness and safety of 
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vaccines, including the previous suggested association with 
de novo or relapses of NS. A description of vaccine catego-
ries, types of production, or their administration precedes 
the analysis of data. The limited world-wide indications by 
deputed national organizations of public health for vaccina-
tion are presented at the end.

Vaccine categories

Vaccines may be classified in relation to the status of the 
antigen administered and include live, live attenuated, and 
inactivated virus/bacteria. They are prepared from purified 
crude or recombinant virus pool and may be conjugated with 
proteins or polysaccharides. Live vaccines (mycobacterium) 
should not be considered for their toxicity.

The live attenuated category includes Varicella, Mea-
sles, Mumps, rubella, Polio-Sabin, Typhoid, Yellow fever. 
They are produced by attenuating the power of living strains 
and are available as monovalent preparations or as part of 
combined formulations: measles–mumps (MM), mea-
sles–mumps–rubella (MMR), measles–mumps–rubella–var-
icella (MMRV).

Inactivated vaccines are simple killed virus/bacteria 
and include Hepatitis-A, Polio-Salk, Influenza, Papilloma 
virus, Rabies; a few of these are available as conjugated 
with proteins or polysaccharides (Haemophilus influenzae, 
Pneumococcal and Typhoid). Vaccines for Streptococcus 
pneumoniae are the most representative of this category 
since infections induced by Streptococcus pneumoniae rep-
resent the major cause of morbidity and mortality in children 
under 5 years [6]. Vaccines for pneumococcus exist as pro-
tein conjugated (PPV) and more recently as polysaccharide 
conjugated (PCV). PCV7 was first introduced in 2000 and 
then substituted by the PCV13 that immunizes against the 13 
prevalent serotypes, covering 80–90% of all Streptococcus 
pneumoniae subtypes.

Vaccines for Tetanus and Diphtheria are toxoid and derive 
from inactivation with formaldehyde and purification of 
anatoxins from Clostridium tetani and Corynebacterium 
diptheria respectively. They are usually administered in 
combination with pertussis antigens, in a vaccination form 
(Diph–Te–Per) widely utilized around the word. In a dif-
ferent formulation, the two inactivated toxins are used in 
combination with Poliomyelites (REVAXIS).

Vaccines for Hepatitis B are produced starting from 
recombinant proteins. The mono-antigenic yeast-derived 
alum-adjuvanted hepatitis B vaccines (MAVs), containing 
a small HBsAg fragment, date back more than 35 years 
[7–9]. New tri-antigenic hepatitis B vaccines (TAV) con-
taining HBV surface antigens resembling the HBV enve-
lope are now in phase 3 clinical studies in neonates and 
children [10].

Vaccines for Neisseria meningitides Group C and B and 
for papilloma virus (HPV) are produced utilizing purified pro-
teins. The former is of particular importance being responsible 
for cases of meningitides with poor clinical outcome [11]. The 
sero-group C meningitides vaccine conjugate (MCC) was first 
introduced in Europe in 1999 and offered to the whole pedi-
atric population. Starting from 2014, the new 4CMenB vac-
cine was developed and introduced in many countries, soon 
covering more than 85% of the population of children under 
12 months of age. A significant protection against the infection 
was soon reported [12]. Vaccines for HPV are multivalent and 
assemble capside proteins purified from several recombinant 
HPV types, including the most frequent virus variants impli-
cated in pathologies of the genital apparatus (from warts to 
cervical dysplasia and cancer) and oro-pharyngeal cancer [13].

Finally, new anti-Sars-CoV-2 vaccines use different technol-
ogies: the EMA approved four vaccines, two composed of non-
replicating mRNA (Pfizer-BioNTech BNT162b2 and Moderna 
mRNA1273) [14–18] and two others based on recombinant 
adenovirus vectors (Astrazenica ChAdOx1 and Jansen Ad26.
COV2.S) [19, 20]. The former vaccines deliver nanoparticles 
of encapsulated single-strand non-replicating mRNA encoding 
for the spike antigen of the virus, the other two utilize adenovi-
rus vectors, modified to express the SARS-CoV-2 spike protein 
on the cell surface. In Europe, only mRNA vaccines have been 
authorized for pediatric use so far.

Methods of research

Papers published up to July 2022 were selected utilizing 
the MEDLINE (via PubMed) database. We searched arti-
cles about vaccinations of any kind in patients with NS 
without limits of age. We crossed titles and key words 
through the MesH motor “Nephrotic Syndrome” OR “Idi-
opathic Nephrotic Syndrome” AND “vaccin*” (that includes 
vaccine/s and vaccination/s) or “COVID-19 vaccine” or 
“SARS-CoV-2 vaccine”. We excluded animal experiments 
and articles not available in English or that did not provide 
quantitative data. Case reports were included. Two inde-
pendent researchers read papers and selected those consid-
ered of interest. The list was then merged and discussed.

Results

A total of 377 articles were obtained using the search crite-
ria: 166 duplicates and 71 non full text, animal studies or not 
English languages were removed (see the PRISMA PICO 
diagram in Fig. 1). We removed another 50 articles not con-
taining relevant data on generic side effects nor on relapses 
or new onset NS. The final result was a list of 90 records (14 
for live attenuated, 26 for inactivated, 17 for recombinant, 
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3 for toxoid and 30 for SARS-CoV-2) overall reporting the 
effect of vaccines in 1015 patients, plus 5 nationwide epide-
miologic investigations. The absence of any reported side 
effects following vaccinations was considered a surrogate for 
no relapse or “de novo” events in the included study. When 
possible, the incidence rate of relapse (Inc.) in any specific 
cohort of patients was calculated (Fig. 2).

Live attenuated virus

With the exception of Varicella-zoster, safety and recurrence 
of NS following live attenuated vaccines has been investi-
gated in only a few recent studies, which utilized vaccina-
tion for single Mumps/Measles or for multiple strains, i.e., 
MR and MMR. In the year following vaccinations, authors 
reported seroconversion and adverse events for each vaccine 
type, including vaccine-associated infection and recurrence 
of NS. The results are reported separately in the sections 
below (Table 1).

Mumps

Kamei et al. [21] vaccinated 24 children with NS utilizing 
two vaccines prepared with different mumps strains (Torii 
and Hoshino): they reported seroconversion in the 50 and 
42% of patients respectively, which decreased to 20% after 
1 year (Table 1). No side effects were observed.

Measles alone/Measles–Rubella

Two children presenting an association of measles vaccine 
and NS were described in 1972: the first was a 21-month-old 
girl who developed “de novo” NS 9 days after vaccination, 
the second was a 4-year-old boy affected by NS who devel-
oped recurrence of the disease 4 days after measles vac-
cination [22]. In the Kamei study [21], 2 patients were vac-
cinated for measles alone and 31 received measles–rubella 
(MR). Seroconversion after MR was high for either measles 
(95%) and rubella (100%) and was maintained after 1 year. 
No side effects were observed. A good seroconversion 
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Fig. 2   Recommendations for 
the use of vaccines in patients 
with NS: a practical scheme
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Table 1   Summary of studies on live attenuated vaccines

N/A not available, NS nephrotic syndrome, SDNS steroid-dependent nephrotic syndrome, SSNS steroid-sensitive nephrotic syndrome, VZV: Var-
icella-zoster virus

Reference Study type (n of subjects) Diagnosis  
pre-vaccine

Type of vaccine Rec./de novo* Comments

Measles
  Kuzemko et al. [22] Case report (2) NS Live attenuated 2/0 This was the first report on associa-

tion between measles vaccine and 
NS

  Kamei et al. [21] Observational study (2) NS Live attenuated 0/0 Patients were receiving immuno-
suppression agents. Immunization 
resulted effective 

Measles-Rubella
  Kamei et al. [21] Observational study (31) NS Live attenuated 0/0 Patients were receiving immuno-

suppression agents. Immunization 
resulted effective

  Ajay et al. [23] Observational study (76) SSNS/FSGS Live attenuated NA SSNS were in active treatment with 
steroids and FSGS with ciclo-
sporin/tacrolimus 

Measles-Mumps-Rubella
  Ahuja and Wright [24] Case report (1) Healthy Live attenuated 0/1 Steroid was effective in the treat-

ment of NS, with no more relapse 

Varicella-zoster
  Alpay et al. [26] Case series (20) SSNS Live attenuated 1/0 Relapse of NS in three weeks after 

vaccination
  Furth et al. [27] Prospective multicenter 

clinical trial (29)
SSNS Live attenuated 0/0 All patients developed adequate 

VZV antibody levels
  Kamei et al. [21] Observational study (42) NS Live attenuated 2/0 Recurrences were reported at 16 

and 22 day after vaccination
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following measles single vaccination has been confirmed 
in a recent report by Ayaj et al. [23], who vaccinated 76 
children with NS (40 were steroid sensitive NS (SSNS), 36 
had focal segmental glomerulosclerosis (FSGS)) and were 
in active treatment with steroids (SSNS) or with ciclosporin/
tacrolimus (FSGS). The study did not furnish any details on 
either the time of the follow up or the occurrence of side 
effects, including recurrence of NS.

Measles–Mumps–Rubella

The unique case of NS following measles–mumps–rubella 
(MMR) has been reported in the literature in 1989. A 
13-month-old girl developed “de novo” NS 6 days after vac-
cination and rapidly responded to steroids [24] (Table 1).

Varicella‑zoster

Effectiveness and safety of varicella vaccines in NS have been 
more widely investigated than other live attenuated vaccines 
(Table 1). Data published in 1997 in a small group of 7 children 
with NS, demonstrated that a two-phase vaccination program is 
required in the majority of NS patients to obtain a satisfactory 
protection, and that the vaccine was safe [25]. Alpay et al. 
[26] compared 20 NS children vaccinated with the attenuated 
Varicella-zoster virus (VZV) vaccine (Varilrix, SmithKline 
Beecham) and 20 healthy, age-matched controls. Seroconversion 
was obtained after 8 weeks in 85% and 86% of NS and controls 
respectively, most of whom had positive antibody titers at 
2 years of follow up. Recurrence of NS was observed in one 
child 20 days after vaccination (Inc. 5%). In 2003, the Southwest 
Pediatric Nephrology Study Group published the results of an 
open-label, multicenter clinical trial in 29 children who received 
2 doses of VZV attenuated vaccine (Varilrix, Merck) and were 
followed for 2 years [27]. The study included patients on 
chronic steroid therapy and excluded other immunosuppressive 
regimens. All patients and controls demonstrated immunity 
after the first dose of vaccine and 91% maintained antibodies at 
2 years of follow up. Seventeen children with NS relapsed during 
the 2 years of follow up and 6 within 2 weeks after vaccination 
(overall Inc. 62%). The study did not provide data on pre-vaccine 
relapse except for the early relapsers, all of whom had already 
relapsed in the 2–10 months (mean 3) before vaccination. The 
study by Kamei et al. [21] reported data on VZV in 42 children 
with NS: only 61.9% seroconverted after 1 vaccination and 76% 
after 2–3; NS recurred in 2 patients after 16 and 22 days from 
vaccination (Inc. 4.8%).

Conclusions

Single mumps and composite vaccinations for measles of 
NS patients seem safe but only a few reports are available 

in both cases. Considering the risk of infectious diseases 
induced by the vaccine itself, live attenuated should gener-
ally be avoided, at least in immunocompromised children 
and in those receiving immunosuppressive drugs. Their use 
in SSNS could be evaluated considering the context.

Regarding VZV vaccination in children with NS, we can 
conclude that this is a safe practice and produces sufficient 
seroconversion to guarantee protection over years. While a 
few cases of NS relapses following VZV vaccination have 
been reported, the pre/post vaccination incidence seems sim-
ilar, not supporting a clear link between the two phenomena.

Inactivated bacteria/virus

Pneumococcal

Several studies have addressed either efficacy and side 
effects of PPV [28–37] and, more recently, of PCV in sub-
jects affected by NS treated with both one dose [38, 39] 
and booster [40]. In the former case (PPV), vaccination was 
performed in 302 patients with SSNS and 13 with SRNS 
without side effects or recurrence of NS (reviewed by 
Goonewardene et al. [41]). PCV vaccines were found to be 
safe in 62 children with NS who received the first dose and 
booster [38, 40]; PCV13 [39] was given to 42 patients with 
NS without side effects (see Table 2).

In conclusion, PCV vaccines are safe and can be utilized 
in patients with NS.

Influenza

Annual influenza outbreaks significantly impact the clinical 
outcome of children with all types of NS, who are at high risk 
of severe infections and of possible relapses of NS secondary 
to the infection. Vaccines for influenza have also been 
associated with both relapse [42] and “de novo” NS [43, 44]; 
one case of “de novo” NS was characterized as membranous 
nephropathy [45]. Based on the H1N1 experience, many 
physicians indicate prophylaxis in children and their caregivers 
prior to the start of the influenza season, with vaccines that 
are timely produced each year after isolating virus strains [46, 
47]. Studies have reported an adequate immunologic response 
to vaccines for influenza in children with NS [47], which was 
associated with reduced complications and relapses [48–51]. 
Angeletti et al. [52] followed for 24 months 9 children/young 
patients with NS who had received purified influenza vaccines 
and found an incidence of recurrence not different from the 
control group of NS not receiving influenza vaccines. A large 
study published in 2021 [51] recruited 306 children with NS: 
102 were vaccinated, 204 were the control group who did not 
receive the vaccine. Recurrence of NS was much higher in the 
latter group compared to vaccinated children (Inc. 0.74% vs. 
0.25%). As expected, vaccinated children presented fewer flu 
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episodes compared to non-vaccinated (Inc. 12.7% vs. 25.4%), 
which corresponded to a markedly reduced risk of getting the 
disease. In parallel, vaccinated children also had a reduced 
risk of NS relapse (Inc. 0.22%), indirectly confirming that flu 
infection may be correlated with NS relapse. Consistently, 
during the year following the vaccination the 102 children 

vaccinated for influenza had fewer episodes of NS relapse 
compared to the year before vaccination, with a reduced risk 
of recurrence of NS in the post-vaccine versus the pre-vaccine 
period (Inc. 0.31%).

In conclusion, observational studies demonstrate that 
influenza vaccines are safe and reduce the risk of infections 

Table 2   Summary of studies on inactivated vaccines. In the case of vaccines for Pneumococcus, only studies on conjugated vaccines (PCV) are 
reported

Reference Study type (N of subjects) Diagnosis  
pre-vaccine

Type of vaccine Rec./de novo Comments

Pneumococcal
  Liakou et al. [38] Observational study (33) NS PCV7 0/0 15 patients were on low dose oral 

prednisolone or no therapy and 18 
were receiving additional treatment of 
Mycophenolate mofetil or ciclosporin 
A for a minimum of 6 months prior to 
enrolment

  Liakou et al. [40] Observational study (29) NS PCV7 0/0 PCV7 was not associated with increased 
risk of INS relapse and serotype-
specific antibodies increased in all 
subjects at 1 month

  Pittet et al. [39] Observational study (42) NS PCV13 0/0 Vaccination was performed at disease 
onset or at regular follow up, during 
remission 

Influenza
  Kielstein et al. [43] Case report (1) Healthy Inactivated H1N1 0/1
  Poyrazoğlu et al. [48] Case series (19) NS Inactivated H1N1 0/0 The first relapse was reported in one 

subject at three months after vaccina-
tion

  Gutierrez et al. [44] Case report (1) Healthy Inactivated H1N1 0/1 Histology showed severe acute tubular 
injury and interstitial inflammatory 
infiltrate. The immunofluorescence 
was negative. Ultrastructural exami-
nation showed diffuse foot-process 
effacement, microvillus transforma-
tion and cytoplasmic vacuolization

  Fernandes et al. [42] Case report (1) Healthy Inactivated H1N1 0/1 Patient developed NS one week after 
receiving vaccine. Oral steroid 
therapy was started, and proteinuria 
returned to the non-nephrotic range

  Kutlucan et al. [45] Case report (1) Healthy Inactivated H1N1 0/1 Histological findings were consistent 
with membranous glomerulonephritis

  Tanaka et al. [49] Observational study (15) NS Inactivated H1N1 NA No side effects including NS were 
reported

  Klifa et al. [50] Monocentric retrospective 
investigation (14)

SSNS Inactivated H1N1 0/0 Relapse rate differed but without statis-
tical significance between vaccinated 
and unvaccinated subjects

  Ishimori et al. [51] Multicenter observational 
study (306)

NS Inactivated H1N1 NA Risk of relapse was lower in vaccinated 
than non-vaccinated. Moreover, in 
vaccinated, risk of relapse was lower 
in post-vaccine time than in pre-
vaccine time

  Kamei et al. [21] Observational Study NS Live attenuated NA Patients were receiving immunosup-
pression agents. Immunization 
resulted effective

NA not available, NS nephrotic syndrome, PCV polysaccharide vaccines, SSNS steroidsensitive nephrotic syndrome
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during the seasonal pandemic. Moreover, vaccines for influ-
enza are also associated with a reduced risk of relapse of 
NS due to fewer influenza episodes typically related to NS 
relapse, without any additive risk linked to the vaccine itself.

Poliomyelites

See section on Diphteria–Tetanus (REVAXIS).

Vaccines containing recombinant and purified 
antigens

HBV

The interest in MAVs vaccines in NS, and more generally 
in glomerulonephritis, is related with the known associa-
tion of HBV infection with membranous glomerulopathy, an 
autoimmune condition causing NS where HBV is deposited 
along the basal glomerular membrane and functions as an 
antigen. The development of MAVs and its use in clinical 
practice has produced a drastic decrease of HBV determined 
membranous glomerulopathy [53].

Studies in other forms of NS are scanty and, despite the 
wide utilization of MAVs in the whole population, reports on 
their association with idiopathic NS in children are limited to 
case reports describing “de novo” NS in three healthy children 
and a case of proteinuria recurrence in a patient with MCD 
[54–57] (Table 3). The unique observational study reported in 
the literature was performed in 41 children (age 1–10 years) 
with SSNS, some of whom (24/41) were on steroid therapy 
[58]. Seroconversion was higher in those patients not on 
therapy (76.5% vs. 37.5%). Early recurrence of NS (within 
1 month after vaccination) was observed in 14 patients (5 on 
steroids and 9 not on any treatment, for an overall Inc. 34).

In conclusion, data on a potential association between 
HBV vaccines and NS are limited and refer to vaccines that 
are not currently administered as a first option. Data on 
recurrence or on new episodes of NS following TAV are not 
available yet, but considering the high number of children 
treated with this new vaccine there is a real possibility that 
this association does not exist.

Meningocuccus classes B–C

After the introduction of MCC in clinical practice in 1999, 
concerns emerged about the possibility that they could be 
associated with recurrence of NS (Table 3). In 2003, Abeya-
gunawardena et al. [59] reported an increased incidence of 
NS relapse in a cohort of 106 NS children during 12 months 
after vaccination compared to the pre-vaccination phase 
(Inc. 90% vs. 59%). Taylor et al. [60] followed 53 children 
with NS for 12 months after MCC vaccination and did not 

confirm the previous report (post vs. pre vaccine relapse 
Inc. 0.95 vs. 1.05) (Table 3). The successive development of 
the new multi-component meningococcal group B vaccine 
(4CMenB) has reduced the clinical use of MCC to areas 
where Neisseria meningitides Group C is endemic, limiting 
the interest on NS recurrence following this vaccine.

Also in the case of 4CMenB, there was variability of 
results concerning recurrence of NS (Table 3). De Serres 
et al. [61] compared the incidence of first hospitalization for 
NS in the province of Quebec and focused, in particular, on 
the region of Saguenay-Lac-Saint-Jean (SLSJ), an endemic 
area for group B meningitis, where vaccination with 
4CMenB started earlier than in other regions of Canada. 
They found a sharp increase in the hospitalization for NS of 
children during the year following vaccination (13.3/100,000 
inhabitants vs. 1.6/100,000 of the preceding 10 years), cor-
responding to 3.6 times higher rate of hospitalization for 
NS compared to the rest of the Quebec province and 8 times 
greater than during the eight years preceding the immuniza-
tion campaign. Andrews et al. [62] evaluated the English 
hospital admissions for NS from 2005 to 2019, in a popula-
tion of 2–23-month-old children stratified for age. They con-
sidered huge cohorts of children who received a first dose 
(2.35 million), a second dose (2.25 million) and a booster 
dose (1.78 million) and compared pre and post 4CMenB 
vaccine phases. No evidence of increased NS episodes was 
observed. Finally, NS was not reported to be a side effect 
of 4CMenB in large populations of children receiving the 
vaccine in the UK [63] and in Germany [64].

In conclusion, large epidemiologic studies have not con-
firmed the first Canadian report that was limited to a portion 
of Quebec.

Human papilloma virus

Vaccination for papilloma is indicated in females before the 
start of sexual activity around 12 years. No association of 
human papilloma virus (HPV) vaccines (of any kind) and 
NS is reported in the literature.

Pertussis

See section of Diphteria–Tetanus (Diph–Te–Per) below.

Toxoid or anatoxin

Diphtheria–tetanus–pertussis

The recent study by Ajay et al. [23] indicated sufficient 
seroprotection after three Diph–Te–Per doses given to 40 
children with SSNS and 36 with FSGS. The comparative 
antibody titers were higher in SSNS than in FSGS. Incidence 
of recurrent episodes of NS was not reported.
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Single reports of “de novo” NS have been described in 
association with mixture of diphtheria and tetanus vaccines 
(Table 3) in two adults: a man vaccinated with a mixture of 
diphtheria, tetanus, Haemophilus influenzae type B, and Pneu-
movax vaccines, 1 year after hematopoietic stem cell trans-
plantation for acute myelogenous leukemia [65] and a second 
case of a 82-year-old female who developed NS (Minimal 

Changes was the histological diagnosis) 6 weeks after a 
booster dose of REVAXIS [66]. Angeletti et al. [52] prospec-
tively followed for 24 months 9 children/young patients with 
NS who had received the diphtheria, tetanus, acellular per-
tussis vaccine combined with the inactivated poliovirus and 
found an incidence of recurrence not different from the control 
group of NS not receiving influenza vaccines.

Table 3   Summary of studies on vaccines containing recombinant and purified antigens, toxoid or anatoxin

NS nephrotic syndrome, RAASi rennin angiotensin aldosterone system inhibitor, SSNS steroid-sensitive nephrotic syndrome. n of relapses or de 
novo cases of NS are reported in case of single observation. In case of observational studies, the overall incidence (I) I of relapses plus de novo 
is given when available

Reference Study type (N of subjects) Diagnosis  
pre-vaccine

Type of vaccine Rec/de novo  
or I*

Comments

Hepatitis B
  Macario et al. [54] Case report (1) MCD Recombinant hepatitis 

B vaccine
1/0 –

  Pennesi et al. [57] Case report (1) Healthy Recombinant hepatitis 
B vaccine

0/1 The immunohistochemical examina-
tion shows the presence of hepatitis 
B surface antigen in renal tissue. 
Remission was reported after 3yrs 
of treatment with RAASi

  Ozdemir et al. [56] Case report (1) Healthy Recombinant hepatitis 
B vaccine

0/1 NS developed 17 days after second 
inoculation. Complete remission 
was observed after 20 days of ster-
oids (2 mg/kg/day). Kidney biopsy 
was not performed because subject 
was 3yo

  Işlek et al. [55] Case report (1) Healthy Recombinant hepatitis 
B vaccine

0/1 After the first diagnosis, at 4yo, he 
had three relapses in the following 
years. Each relapse developed after 
vaccinations of polio, pneumococ-
cal, and flu vaccine, respectively. 
All relapses had been easily treated 
by prednisolone

  Yıldız et al. [58] Observational study (41) SSNS Recombinant hepatitis 
B vaccine

0/14 Relapse rates after the vaccination 
were higher than those in the pre-
vaccination period (p = 0.002) 

Meningococcal
  Abeyagunawardena 

et al. [59]
Observational Study
(106)

SSNS Meningococcal C 
conjugate vaccine

0/0 Risk of relapse was significantly 
higher in the 6 months post-
vaccination, than the 6 months 
pre-vaccination

  Taylor et al. [60] Observational Study
(52)

SSNS Meningococcal C 
conjugate vaccine

– Overall risk of relapse was not asso-
ciated with vaccination (I 0.35)

  De Serres et al. [61] Epidemiologic investiga-
tion (49,000)

Healthy 4-component meningo-
coccal serogroup B

0/4 8.3-fold increased risk of relapse

  Andrews et al. [62] National epidemiologic 
investigation

Healthy 4-component meningo-
coccal serogroup B

– No more risk of relapse related to 
vaccination 

Diphteria-Tetanous-Polio
  Clajus et al. [66] Case report (1) Healthy Cleaned tetanus and 

diphtheria toxoid, 
inactive poliomyelitis 
virus

0/1 Subject was 82 years old. Kidney 
biopsy revealed minimal change 
disease
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Anti SARS‑CoV‑2mRNA and adenovirus vaccines

The SARS-CoV-2 pandemic has represented an extremely 
serious risk for public health during 2020–2021 and still 
has a relevant impact, in terms of the incidence of the new 
Omicron variants. The kidney has been one of the major 
targets of SARS-CoV-2, causing either “de novo” or relapses 
of inflammatory and autoimmune glomerulonephritis [67, 
68]. Children with NS seemed protected from the first vari-
ant [69], whereas they are now more prone to be affected by 
Omicron even with a limited clinical impact [70]. We cannot 
exclude that immunosuppressed children with NS become 
persistent SARS-CoV-2 carriers, as studies on other condi-
tions requiring prolonged immunomodulatory treatments 
have suggested [71]. Wide vaccination is a necessary step 
to limit SARS-CoV-2 dissemination.

New onset or recurrence of several forms of 
glomerulonephritis and NS in children and adults have been 
reported after vaccination with both mRNA and adenovirus 
vaccines re-opening “de facto” the broad and important question 
on the impact of SARS-CoV-2 vaccine in the renal arena [72, 
73]. Generally speaking, it should be noted that the impressive 
number of vaccines distributed in the short period in the world 
reduces the numerical impact of side effects (in this case, 
recurrence of NS) since they represent an infinitesimal portion 
of vaccinated subjects. Considering the stringent temporal 
association between vaccination and NS in a few cases, we 
should, however, consider and discuss this possibility (Table 5).

SARS‑CoV‑2 mRNA

To date (July 2022), there are in the literature 66 cases of 
NS “de novo” or relapses that occurred in concomitance, 
or near to, the administration of a mRNA vaccine, where 
concomitance is defined as NS occurring within 1 month 
after vaccination [74–89]. The numerically most significant 

study (27 cases) was undertaken in Japan as part of a web-
based survey within council members of the Japanese Soci-
ety of Nephrology [89]. This study included children and 
adults with relapse and de novo NS with variable patho-
logic characteristics (12 MCD, 4 membranous nephropathy, 
2 FSGS, 2 IgA nephropathy and various other cases). Of 
the 66 cases with de novo/relapse NS of the literature, 60 
(Table 4) occurred after the Pfizer-BioNTech BNT162b2 
vaccine with a numerical difference that probably reflects 
the larger use of this vaccine. Relapses of NS were more fre-
quent than “de novo” episodes (41 vs. 19) and the age varied 
from 14 to 80 years with a median of 43 years (in the Pfizer-
BioNTech BNT162b2). Lack of post-vaccine NS in children 
under 14 years reflects the only recent extension of vaccina-
tion under this age. Pathology pictures were available in at 
least 50% of cases: MCD and FSGS represented the preva-
lent findings but there were a few cases with membranous 
nephropathy, IgA and C3 glomerulonephritis. The outcome 
was good in the majority of cases after steroids associated 
with mycophenolate mofetil (MMF) (i.e., 28 had complete 
and 6 partial remission) or calcineurin inhibitors (CNI) in 
4 patients; the chimeric anti-CD20 antibody rituximab was 
administered in 3 cases and the humanized anti-CD20 anti-
body obinutuzumab in 1 (Table 4). The outcome was not 
clearly reported in a significant number of patients (n = 28).

Among the 6 cases of NS associated with the Moderna 
mRNA 1273 vaccine, 4 were “de novo” NS and 2 were 
relapses. Complete remission was obtained with steroids alone 
(5) or in association with MMF (2) (Table 4) [82–84, 89].

SARS‑CoV‑2 adenovirus

Five relapses and 3 “de novo” NS have been reported in 
association with the Astrazeneca ChAdOx1 [90–93]. 
Patients’ characteristics and clinical details are the same as 
the patients group above (Table 4).

Table 4   Summary of studies on anti Sars-Cov-2mRNA and adenovirus vaccines

CNI calcineurin inhibitor, CR complete remission, MMF mycophenolate mofetil, NA not available, OBI obinutuzumab, PR partial remission, 
RTX rituximab, Ste steroid

Type of vaccine N Sex F/M Age (years) Days after 
vaccination

Relapse/de novo Treatments Outcome Ref

Pfizer-BioNTech BNT162b2 60 24/36 43 (14–80) 12 (3–30) 41/19 Ste 50
CNI 2
MMF 8
RTX 3
OBI 1
No Th. 5

CR 25
PR 6
No R 1
NA 28

[72–82]

Moderna mRNA 1273 6 4/2 45 (16–63) 4 (1–7) 4/2 Ste 5
MMF2

CR 5 [83, 84]

Astrazeneca ChAdOx1 8 2/6 41 (22–83) 12 (2–20) 5/3 Ste 6
MMF 2

CR 5
PR 1
NA 1

[90–93]
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Conclusions

Vaccines for SARS-CoV-2 (all kinds) offer a concrete and 
safe approach to reduce the clinical impact of the pandemic 
in patients with NS. We strongly support their use in chil-
dren and adults. Very rare episodes of “de novo” NS or 
recurrence may occur and generally respond to steroids, 
therefore, do not represent a numerical and clinical problem.

Indications for vaccinations by deputed 
organisms

Limited specific indications for vaccination in NS have been 
formulated over time by deputed medical organizations and 
official organisations of public health. The 2021 KDIGO 
Guidelines have integrated most of the issues above and 
recommend vaccination in NS for pneumococcal, annual 
influenza virus, and, more generally, accepted inactivated 
vaccines, while vaccines produced with live attenuated virus 
(measles, mumps, rubella, varicella, rotavirus) are not indi-
cated, especially in patients receiving chronic immunosup-
pressive or cytotoxic agents [94]. The American Academy 
of Pediatrics (AAP) recommended immunizing NS children 
with pneumococcal PCV13 followed by PPSV23 vaccines 
after 8 weeks and 5 years from the time of the first dose [95]. 
The AAP also indicated to defer live attenuated vaccines in 
case of high steroids and immunosuppressor administration 
[95]. The Advisory Committee on Immunization Practices 
(ACIP) confirmed seasonal anti-flu yearly, while it was 
more restrictive about measles, mumps, rubella, varicella 
and rotavirus vaccines [96]. In almost all countries (with 
the limitation above reported by the AAP [95] and the UK 
Department of Health [97]), vaccinations of NS patients 
with live attenuated vaccines are not indicated. Moreover, 
the International Pediatric Nephrology Association [98] 
recently recommended to complete all vaccinations without 
delay in NS, including pneumococcal, meningococcal, Hae-
mophilus influenzae, and VZV. Inactivated influenza vac-
cine was recommended annually. For immunocompromised 
patients, national vaccination guidelines were recommended 
for inactive and live attenuated vaccines. On the other hand, 
national vaccination programs were discouraged in subjects 
with steroid-resistant NS who usually were treated with daily 
immunosuppressive medication, including CNIs, MMF, and 
steroids.

Final considerations

We conclude that all types of vaccines (live attenuated, 
inactivated, vaccines containing recombinant and purified 
antigens, toxoid and anatoxins, and the recently developed 

vaccines for SARS-CoV-2) result safe in terms of both 
recurrence and “de novo” occurrence of NS. Immunization 
was effective for the majority of vaccine types, including in 
subjects with chronic immunosuppressive treatments. The 
following general considerations complete the synthesis 
on effectiveness: (1) patients who received vaccinations as 
a part of routine (not in the presence of proteinuria) have 
higher antibody titers than after the onset of NS; (2) the 
connection between specific serum immunoglobulin conver-
sion with proteinuria is variable: HBV and varicella vaccines 
are an example of limited seroconversion during florid pro-
teinuria (60–70%); for other vaccines such as anti-tetanus, 
diphtheria, pertussis, measles, mumps, rubella, the presence 
of proteinuria does not influence specific IgG levels; (3) the 
persistence of adequate antibody titers following different 
vaccination is also variable and it is strictly “vaccine type” 
dependent; vaccination with Pneumococcal conjugate, for 
example, maintains protection for 1 year, for other vaccines 
protection is maintained for longer periods.

Guidelines support the use of almost all vaccines in 
patients with NS with the exception of live attenuated espe-
cially in patients receiving chronic immunosuppressive treat-
ments. All other vaccines can be utilized also in concomi-
tance with immunosuppressive treatments with steroids, CNI 
and MMF. In patients with NS treated with monoclonal anti-
CD20 antibodies, all types of vaccine should be provided 
at least 6 months after last infusion; during the pandemic, 
vaccines for SARS-CoV-2 should be provided, if possible, 
3 months before the infusion of monoclonal anti-CD20 
antibodies.

However, in the real-world practice, facts are distant 
from theory. Only a minority of parents accept to vacci-
nate their children affected by NS with vaccines that are 
permitted by guidelines and even doubt vaccinations (such 
as for influenza) that we know protect from complications 
of the pandemic and also from relapses of NS. Popular 
credence supported these concerns for years and we hope 
that evidence will change current distorted practice.

Based on the above presented data, we may conclude that 
(1) all types of vaccinations are safe in subjects with NS also 
in those patients receiving steroids, CNIs and MMF; (2) vac-
cinations (all kinds) are recommended by guidelines in NS, 
with the exception of vaccines produced with live attenu-
ated virus (measles, mumps, rubella, varicella, rotavirus) in 
patients receiving chronic immunosuppressive or cytotoxic 
agents; (3) vaccinations for annual influenza virus reduce the 
number of recurrences in patients with NS; and (4) vaccines 
for SARS-CoV-2 (all kinds) offer a concrete and safe approach 
to reduce the clinical impact of the pandemic in patients with 
NS without any risk of recurrence of the disease.
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