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More than half of children with idiopathic nephrotic
syndrome develop frequent relapses or steroid dependence and require chronic use of immune suppressants, such as cyclosporin, mycophenolate mofetil, or
B cell–depleting therapies, to maintain disease in
remission (1). Loss of endogenous antibodies in the
nephrotic urines and pharmacologic immune suppression contribute to a higher risk for upper respiratory
viral infections and inﬂuenza in children with steroiddependent nephrotic syndrome. These infectious episodes may cause or induce relapse of nephrotic
syndrome.
This formed the background for the 2012 Kidney
Disease Improving Global Outcomes guidelines that
recommend pneumococcal, annual inﬂuenza, and inactivated vaccines, whereas they contraindicate live
attenuated vaccines (measles, mumps, rubella, varicella, rotavirus, and yellow fever), especially in patients
on immunosuppressive or cytotoxic agents (2). Pathogenic mechanisms of nephrotic syndrome are still not
fully elucidated, but increasing evidence points at a
dysregulation of the immune system, involving both
B and T cells. This also raises the intriguing hypothesis that vaccines, by eliciting an immune response,
promote disease relapses (3). Overall, previous retrospective analysis reported that inﬂuenza virus vaccination in children with nephrotic syndrome is not associated with a higher risk of relapse (4). Similar data
are reported for immunization against Streptococcus
pneumoniae (3). However, no data from prospective
studies are available that test the risk of nephrotic syndrome relapse after vaccines (4,5).
We have prospectively followed up a cohort of 140
pediatric and young adult patients on chronic immunosuppression due to multidrug-dependent nephrotic
syndrome. These patients were part of a single-center,
randomized controlled trial comparing the safety/efﬁcacy proﬁle of two B cell–depleting antibodies: rituximab and ofatumumab (NCT02394119). After randomization, no other immune-suppressive treatments were
allowed. Further anti–B cell–depleting therapy administrations were allowed, but only after disease relapse
(i.e., after patients reached their primary end point).
Common vaccinations, recommended by the Italian
Ministry of Health according to age, were allowed
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only after 6 months from the anti-CD20 infusion,
whereas inﬂuenza vaccination was recommended after at least 1 month from infusion. In the study protocol (NCT02394119), vaccinations were not considered
as relevant concomitant interventions permitted or
prohibited during the trial. Of the 80 patients (74 children [#18 years] and six young adults [19–24 years])
who had given written informed consent for the use
of medical records and for whom a .24-month follow-up period was available, 19 (24%) received a vaccination during the study period. Sex (boys: 61% versus 57%; P50.08), age (10610 versus 10612 years;
P50.10), and type of B cell–depleting antibodies were
similar between vaccinated and nonvaccinated individuals, respectively. More in detail, nine subjects received puriﬁed inﬂuenza vaccines (48%); nine received the diphtheria, tetanus, and acellular pertussis
vaccine combined with inactivated poliovirus vaccine
(48%); and only one patient received the meningococcal conjugate vaccine (5%). No signiﬁcant differences
in terms of age were reported between subjects receiving inﬂuenza and diphtheria, tetanus, and acellular
pertussis vaccine combined with inactivated poliovirus vaccine vaccination. At the time of vaccination
(median: 5 months; interquartile range [IQR], 2–10
months after randomization), total B cells fully recovered (median B cells: 6% of total lymphocytes; IQR,
1–11 versus 8%; IQR, 2–15 at randomization; P50.08).
We performed a log-rank test of the hypothesis that
vaccines are associated with higher incidence of nephrotic syndrome relapse. In contrast with our hypothesis, we found that, over 24 months of follow-up,
78% of patients experienced a relapse overall: 89% in
the vaccination group and 79% in the control group
(odds ratio, 2.8; 95% conﬁdence interval, 0.6 to 13.7;
P50.20) (Figure 1A). Within vaccinated patients, there
was no difference in the incidence of relapse on the
basis of the vaccine type (P50.10; not shown). Time
until relapse was comparable in vaccinated versus
nonvaccinated individuals, starting follow-up for vaccinated individuals at the time of vaccination and at 5
months after randomization (median time of vaccination) in the control group (Figure 1B). Vaccines were
well tolerated. No disease relapses occurred within 15
days after inﬂuenza, but no serologic or swab tests
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Figure 1. | Vaccines are not associated with a higher risk of nephrotic syndrome relapse. (A) Relapse-free survival by treatment arm: vaccine (blue line) and no vaccine (red line; odds ratio, 2.8; 95% conﬁdence interval, 0.6 to 13.7). (B) Relapse-free survival considering T0
the time of vaccination in the vaccines group (red line) and 5 months after randomization (median time of vaccination) in the control
group (blue line).

were performed to conﬁrm infection diagnosis. There were
no infectious episodes induced by the other pathogens the
patients were vaccinated against.
To the best of our knowledge, this is the ﬁrst prospective
study testing the association between vaccines and relapse
of nephrotic syndrome in patients with steroid-dependent
nephrotic syndrome. The major limitation of our study is
the relatively small sample size. However, steroid-dependent nephrotic syndrome is a rare disease; therefore, our
numbers are still quite informative. Moreover, the fact that
only a minority of patients decided to obtain a vaccine suggests that concerns still exist about a potential link with disease relapse. This further supports the importance of our
report.
Overall, these data document that administration of vaccines developed by puriﬁed proteins is not associated with
a higher risk of nephrotic syndrome relapse in patients
with steroid-dependent nephrotic syndrome who received
B cell–depleting therapies. Our data are in line with previous studies on the basis of retrospective analysis (4). In absence of speciﬁc guidelines for severe acute respiratory syndrome coronavirus 2 vaccination for subjects affected by
nephrotic syndrome, our data are relevant and could also
apply to mRNA vaccines.
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