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Summmary

Investigators from the Pediatric Epilepsy Research Consortium
(PERC), a collaboration of 21 US pediatric epilepsy centres, re-
ports patient characteristics, evaluation strategies and postopera-
tive outcomes in children with drug resistant epilepsy, who un-
dergo evaluation for epilepsy surgery [1]. The cohort included
437 children, of whom 71 children were younger than 3 years at
the time of referral for surgery. The baseline patient demograph-
ics and epilepsy characteristics were compared between children
who were referred at a younger age (≤3 years) and those referred
after 3 years age. Pre-surgical evaluation strategies, including
MRI findings and ancillary testing used if any, were reported
and compared between these two groups. The type of surgery,
intent of procedure (definitive or palliative), need for invasive
monitoring and surgical outcomes were recorded for those who
underwent surgery. The investigators identified abnormal neuro-
logical examinations (p=0.002) and imaging findings (p=0.042),
frequency of seizures (p=0.01) and proximity to referral cen-
tres (p=0.05) as factors which contributed to early referral in the
younger age group. 85% of the children who were evaluated
for surgery had focal onset seizures, with 71% having abnor-
mal MRI. The most commonly identified etiology was structural
(multilobar and hemispheric malformations (55%) and unilobar
abnormalities (45%)). In the younger age group, use of ancil-
lary testing was less frequent compared to older children, with
48% of the group having only MRI/EEG testing. The utility of
tests such as positron emission tomography, among others, was
noted to be higher for children with normal MRI or those with-
out circumscribed malformations. It was noted that there was no
difference in the rates of surgery between the two groups; but
the younger age group more often underwent larger procedures
such as hemisperectomy. Among those referred for surgery at
≤3 years, 11 children had normal MRI of whom only 1 was of-
fered surgery. Among the children who had onset of seizures at
<3 years (n=202), 176 (87%) had drug resistant epilepsy (DRE)
at the time of referral. The investigators sought to compare the
characteristics of those with early DRE diagnosis (<3 years)
to those with later DRE diagnosis among children with early

epilepsy onset and found no significant differences. Factors that
contributed to delay in surgical referral (defined as > 1 year af-
ter DRE diagnosis) among those with early onset DRE (n=79)
were found to be abnormal neurological examinations and gen-
eralized or focal aware seizure types and the intent of referral
was mostly for palliative procedures. Thirty four patients <3
years old underwent surgery. The type of surgery offered was
more often focal resection and the mean follow-up post-surgery
was 23 months (4-40 months). Favourable outcomes were iden-
tified in a significant proportion of the cohort, with Engel class I
outcomes in 59% and class II in 18%. Surgical complications or
developmental outcome following surgery were not analysed in
the study.

The investigators concluded that surgery is effective but may
be disproportionately offered to children with severe presenta-
tions, as those with normal MRI and better neurological sta-
tus had lower rates of referral for surgery. They attribute this
to lower utilization of ancillary testing and recommend further
studies into the prevalence of nonlesional DRE.

Commentary

Drug resistant epilepsy occurs in 35-65% of children with
epilepsy <3 years old and contributes to significant morbidity and
health care burden. Epilepsy surgery can result in seizure free-
dom in appropriately chosen candidates and can improve devel-
opmental outcomes. Previous retrospective studies have shown
that seizure-free survival can be attained in 50-80% children who
undergo resective surgeries for DRE, with positive or static ef-
fects on cognitive outcomes [2, 3]. A single centre randomized
control trial performed at a tertiary care institute in India com-
pared seizure freedom and quality of life in children under 18
years with DRE [4]. It was found that 77% in the surgery group
attained seizure freedom at 12 months versus 7% in the medi-
cally treated group. A retrospective study from Japan that re-
ported the surgical and developmental outcome in children un-
der 3 years who underwent epilepsy surgery over a period of
13 years, concluded that seizure freedom was attained in 82%
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Abstract
Background: Brown-Vialetto-Van Laere syndrome is an autosomal recessive riboflavin transporter deficiency syndrome. It has
been described in various populations but has yet to be recorded in East Africa. Case Report: In a patient who was admitted with
aspiration pneumonia, SLC52A3 gene screening was performed based on a combination of bulbar weakness, ptosis, tongue atrophy,
and hyperreflexia, which is compatible with Brown-Vialetto-Van Laere syndrome. A heterozygous pathogenic SLC52A3 variant
was identified but no second potential pathogenic variant was detected. There was notable clinical improvement with riboflavin
supplementation. Discussion: Our findings provide evidence of a wider geographical distribution of this rare condition. They also
illustrate the clinical recognizability of this rare and treatable movement disorder in resource-limited areas.

Keywords: Brown-Vialetto-Van Laere syndrome, Africa, SLC52A3, RFT2, Riboflavin, Motor Neuron Disease.
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Background

Brown-Vialetto-Van Laere syndrome (BVVL; OMIM #
211530), also known as ponto-bulbar palsy with deafness or bul-
bar hereditary motor neuropathy type 1, is a rare autosomal re-
cessive degenerative disorder that is caused by riboflavin trans-
porter deficiency [1]. It is characterized by progressive sen-
sorineural deafness, which is followed by bulbar weakness in-
volving the facial, glossopharyngeal, and hypoglossal nerves,
and, less commonly, the spinal motor nerves and upper mo-
tor neurons. Symptoms can present as early as six months up
to adulthood, with a female-to-male ratio of 3:1 [2]. The rare
symptoms include peripheral neuropathy, seizures, intellectual
disability, and autonomic dysfunction.

Although the first clinical description was conducted by
Charles Brown in 1894 [3], the genetic and pathophysiologi-
cal basis has only been discovered relatively recently [4]. Ri-
boflavin, a water-soluble B vitamin, is an essential nutrient with
an important function as a co-factor in amino acid, carbohydrate,
and lipid metabolism. Additionally, it is required for the biosyn-

thesis of two other important co-factors, namely flavin adenine
dinucleotide and flavin mononucleotide, which play vital roles
in energy metabolism, signal transduction, DNA repair, and cell
death [5].

Riboflavin transporter type 2 (RFT2) is highly expressed in the
gut, whereas riboflavin transporter type 3 (RFT3) is predomi-
nantly expressed in the brain. Very little expression was observed
in the skin (proteinatlas.org reference). Homozygous or com-
pound heterozygous pathogenic variants in the riboflavin trans-
porter genes SLC52A2 (coding for RFT3) and SLC52A3 (cod-
ing for RFT2) can cause BVVL or Fazio-Londe syndrome [6].
Fazio-Londe syndrome does not present with sensorineural hear-
ing loss [2] and solely arises from mutations within SLC52A3.

Oral riboflavin supplementation at a dose of 10 mg/kg/day has
been a successful treatment for BVVL [2]; however, some pa-
tients require up to 60 mg/kg/day [6]. In this context, we present
the case of a 13-year-old girl with features of BVVL who showed
good improvement with riboflavin supplementation.
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Abstract

Background: The coronavirus disease 2019 (COVID-19) pandemic has disrupted many aspects of life including the management and
treatment of patients with neurometabolic disorders. This questionnaire-based study was planned to know the effect of the COVID-19
pandemic on children with neurometabolic disorders and their caregivers, and also to understand the present and future needs of such
children.

Methods: This online cross-sectional survey was conducted in the Department of Pediatrics of the Pediatric Neurology Clinic in
a tertiary care hospital. Parents and/or primary caregivers of children diagnosed with neurometabolic disorders were contacted
telephonically during the pandemic to respond to our questionnaire. Questions were hosted online to know the health and behavioral
profile of children with neurometabolic disorders as well as caregivers’ burden.

Results: We contacted 50 families of children with neurometabolic disorders. Of these, 40 families responded to our online survey.
The underlying diagnoses were biotinidase deficiency (n = 12), mitochondrial encephalopathy (n = 9), classical homocystinuria
(n = 6), cobalamin C defect (n = 6), maple syrup urine disease (n = 3), phenylketonuria (n = 3), and citrullinemia (n = 1). During
the COVID-19 pandemic, parents preferred home therapy for their children. Most of the children (42.5%) could not avail medical
services. A significant number of children had no accessibility to doctors (12.5%) and medicine (40%). Nearly half of them (47.5%)
lost their follow-ups with their physician or the hospital. Caregivers felt that their quality of life was affected by the COVID-19
pandemic in several ways, but irrespective of that, 30% of the caregivers felt more confident in controlling the problems related to
their child’s illness.

Conclusion: There was a significant effect of the COVID-19 pandemic on the health of children with neurometabolic disorders and
caregivers’ quality of life. Survey-based studies can aid in providing an insight into the needs and complex situations of children with
neurometabolic disorders and their parents, even when physical assessments are curtailed.
Keywords: COVID-19, neurometabolic disorders, inborn errors of metabolism, caregivers, children, coronavirus.
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Background

Coronavirus disease 2019 (COVID-19) is a global pandemic
caused by the severe acute respiratory syndrome-coronavirus-
2 (SARS-CoV-2). Since the first reports of the disease from
Wuhan, China, the understanding of COVID-19 and its manage-
ment strategies have been evolving [1]. The disease has emerged
as a novel, global public health problem that requires strict
personal protection measures, sanitization, and social distancing.
The disease has affected millions globally, and its impact has
been beyond the acute physical illness (long COVID). To prevent
the spread of this rapidly growing disease, nationwide lock-
downs were instituted by several countries as an emergency
measure. The lockdowns reduced the community mobility and
subsequently the virus’ transmission. At the same time, the lock-
down measures also impacted the healthcare services, lifestyle,

and mental health of the people due to unprecedented changes
around them and disruption of their daily schedule [2].

Although COVID-19 affected a smaller number of children as
compared to adults, and that too with milder disease, it impacted
children with underlying predisposition significantly. COVID-
19 and the measures instituted to limit its spread have signif-
icantly affected the care of children with chronic neurological
illnesses [3]. Children with pre-existing neurological disorders
are particularly vulnerable because the routine requirements of
these children are often neglected in such acute health crises.
Also, they may be at a higher risk of acquiring severe COVID-
19 illness due to their underlying disorder or its medications,
such as corticosteroids and immunosuppressants [4]. As an over-
whelming number of patients need intensive care, children with
pre-existing neurological impairment may not be a priority for
intensive care services. The lockdown also resulted in the closure
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of therapy and day-care centers, curtailed routine health check-
up visits, and limited the availability of medications and/or
medical foods [5]. The families faced financial, health, and
accessibility-related problems. Children with neurometabolic
disorder are one such group of chronic neurological disorders
where the healthcare needs were affected by COVID-19 and
its associated restrictions. Hence, we conducted this study to
explore the effect of the COVID-19 pandemic on children
with neurometabolic disorders and the quality of life of their
caregivers.

Methods

This cross-sectional survey was conducted in the Department
of Pediatrics of the Pediatric Neurology Clinic in a tertiary
care hospital. Parents and primary caregivers of children diag-
nosed with neurometabolic disorders and being followed up in
the Pediatric Neurology Clinic were contacted telephonically
between August 2021 and September 2021 and asked to respond
to the survey via Google Forms. The responses of parents who
could not access Google were recorded telephonically. Consent
was taken before starting the survey, and the study was approved
by the Departmental Review Board of the Institute. A pragmatic
anonymized survey was developed. The survey included 38
questions. Questions were designed to bring out the difficulties
faced by the children with neurometabolic diseases and their
parents during COVID-19 and the related lockdowns between
March 2020 and March 2021. The questions were based on the
management of daily life routine; special therapy utilization;
behavioral problems such as irritation, aggressiveness, school
avoidance, and withdrawal from activities and friends; stress
level; health issues; accessibility to doctors and medicine; health-
care service utilization such as telecommunication; and care-
givers’ burden in terms of physical, psychosocial, occupational,
and economic impact of caring their children.

The statistical analysis was performed using SPSS software
(version 26.0, IBM). Continuous data were presented as mean ±
standard deviation, and categorical data were expressed as per-
centage (%). Z-score test was applied to compare the proportions
between two extreme populations (often and never). A p-value of
<0.05 was considered statistically significant.

Results

We identified and contacted 50 families of children with neu-
rometabolic disorders, who were previously being followed up in
the Pediatric Neurology Clinic and their care was discontinued
due to the lockdown. Among these, 40 families responded to the
online survey. The baseline features are presented in Table 1.
Notably, none of the children contracted COVID-19 illness dur-
ing the study period even though one-fifth of the family members
were affected. Before COVID-19, all children were in static
health conditions without any major crisis or deterioration based
on their underlying diagnosis. During the COVID-19 pandemic,
due to the non-availability of medicines, 9 (22.5%) children
with neurometabolic disorders had to stop their treatment, and

Table 1. Baseline features of children with neurometabolic
disorders (n = 40)

Variables n (%)

Underlying diagnoses

• Biotinidase deficiency
• Mitochondrial encephalopathy
• Classical homocystinuria
• Cobalamin C defect
• Phenylketonuria
• Maple syrup urine disease
• Citrullinemia

• 12 (30%)
• 9 (22.5%)
• 6 (15%)
• 6 (15%)
• 3 (7.5%)
• 3 (7.5%)
• 1 (2.5%)

Gender distribution

• Males
• Females

• 23 (57.5%)
• 17 (42.5%)

Mean age of children (years) 8.9±5.07 years
(range: 1.5–21)

Responders

• Father
• Mother
• Grandparents

• 20 (50%)
• 17 (42.5%)
• 3 (7.5%)

Before lockdown

• Schooling
• Special therapy∗

• 21 (52.5%)
• 9 (22.5%)

COVID-19 infection

• Children with neurometabolic
disorders

• Family members

• None

• 10 (25%)
Effect on health due to COVID-19 and
the lockdown

• Death
• Acute worsening
• Without any new adverse effect on

health

• 1 (2.5%)
• 2 (5%)
• 37 (92%)

∗Physiotherapy, speech therapy.

deterioration in health was observed in 2 (5%) cases [biotinidase
deficiency: 1 (8.3%) and MSUD: 1 (33.3%)]. One child with
cobalamin C defect succumbed to death due to metabolic crisis at
a local hospital, and the parents/caregivers were unable to access
the doctor at the tertiary care hospital during COVID-19. Other
37 (92%) children with neurometabolic disorders did not report
any adverse events. Figure 1 emphasizes the impact of COVID-
19 on the management of these children and the measures
taken by the parents during the lockdown to continue their care.
Parents of three (7.5%) children (with biotinidase deficiency,
MSUD, and mitochondrial encephalopathy each) faced more
difficulty in maintaining the routine of their children during the
COVID-19 pandemic. These parents did not have accessibility
to medicines due to which they had to stop the treatment of their
children, leading to the worsening of their health conditions.
Overall, the care of children worsened in terms of difficulty
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Figure 1. Effect of the COVID-19 lockdown on the care of children
and measures adopted by parents.
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(massage, 
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Stopped the 
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(22.5%) 
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During lockdown

in accessing the medicines and doctors and discontinuation of
follow-up.

Parental perception of the burden and quality of life

Overall, 40% (n = 16) of the families faced a financial crisis
during the lockdown. This directly or indirectly affected the care
of their households and children, especially the affected ones.
Figure 2 shows the emotional response of parents with regard
to the care of their children with neurometabolic disorders.
Majority of the parents felt more confident in controlling their
anger (37.5%) and important things (30%) in life related to
their child’s illness. Table 2 shows the comparison of parental
responses as a reflection of caregiver burden felt by the parents

Figure 2. Parental responses regarding the care of their children
with neurometabolic disorders.
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regarding their child’s illness. Caregivers’ quality of life had
impacted during the COVID-19 pandemic, but a significant
number of caregivers were able to control the important things
in their life.

Discussion

The needs of children with neurometabolic disorders are
multifaceted. These children need not only continuation of
medical therapy but also regular follow-ups with often repeated
investigations to prevent neurological deterioration or metabolic
decompensations [4, 5]. The COVID-19 pandemic has impacted
the care of these children both in the acute phase and in the long
term. International patient’s organizations such as EURORDIS
and NORD revealed that SARS-CoV-2 had detrimental effects

Table 2. Comparison of parental responses as a reflection of caregiver burden felt by the parents regarding
their child’s illness

Responses

Questions

Often
(very often

+ often)

Never
(almost
never +
never)

Z-value
(two-

tailed) p-value

How often have you been angered because of
things that happened that were outside of your
control?

9 (22.5%) 17 (42.5%) −1.9096 0.561

How often have you been able to control
irritations in your life?

16 (40%) 10 (25%) 1.4322 0.152

How often have you felt confident about your
ability to handle your personal problems?

18 (45%) 12 (30%) 1.3856 0.164

How often have you felt nervous and stressed? 13 (32.5%) 14 (35%) −0.2364 0.810
How often have you felt that you were unable
to control the important things in your life?

10 (25%) 20 (50%) −2.3094 0.021*

How often have you been upset because of
something that happened unexpectedly?

13 (32.5%) 16 (40%) −0.6977 0.483

Bold represents significant, p < 0.05∗, p < 0.01∗∗, p < 0.001∗∗∗, and ns for p > 0.05.
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on the rare disease community worldwide [6, 7]. The COVID-19
pandemic has led to medication shortages, interruption of care,
and closed hospitals and has significant concern regarding its
impact on the present and future management of rare dis-
eases [8]. Our study highlights that none of the children in our
cohort experienced COVID-19 illness, probably as a result of
the lockdown and cautious measures by the parents. Yet, the
disruption of their routine and care was significant. The parents
had to resort to additional measures to ensure the continuum of
care, including availing of telemedicine consultation and home
therapies like massage and exercises. Literature also suggests
that home therapies were an alternate taken up by the parents
of patients with lysosomal storage disorder. Parents had anxiety
and fear of the ongoing pandemic, so they avoided visits to
the hospital and adopted home therapies as an alternate [9].
Disruption of daily routines including schooling and visits for
special therapies was significant in our study. This was partly
due to the lockdown but also due to the fear of exposure to
COVID-19 infection. During the COVID-19 lockdown, cases
of delayed access to hospital care due to COVID fear were
reported from Italy [8, 9]. We also found that the cost and
non-availability of medicines for children with neurometabolic
disorder contributed to discontinuation of treatment in nearly
one-fourth of our cases, resulting in worsening of their health.
During the COVID-19 lockdown, a −51.2% decline in pharmacy
mobility was observed across India [2]. The results of our study
are in line with a two MetabERN survey-based study done on
IEM patients to check the impact of COVID-19. The patient
organizers found that >50% of IEM patients had discontinuation
of care due to not getting medicine on time and lost follow-
ups [10, 11]. Although we did not study the impact of COVID-
19 on the diagnosis of neurometabolic disorders, studies have
shown that newer diagnosis of IEM was delayed because of
disruption in the number of working days in the hospitals during
COVID. A study from Brazil reported a 34% reduction in
the diagnosis of new IEM patients from period 1 (March 1,
2019, to February 29, 2020) to period 2 (March 1, 2020, to
February 28, 2021) [12]. Thus, information regarding the needs
of children with neurometabolic disorders during emergencies
such as COVID-19 is crucial to ensure their well-being, and our
study adds to this data.

Caring for a person with neurological illness causes physical,
psychological, social, and economic difficulties for their care-
givers. Our study also assessed this aspect among the families.
As the study was in the form of an online survey, we could not
use standardized detailed tools requiring additional time and/or
visits. Our study shows that during the COVID-19 lockdown,
one-third of the caregivers felt more confident in controlling the
important things in their life. The families were staying together,
which was a source of strength to handle the things related to
their child’s illness. Despite this, difficulties in accessing the
medicine and doctor, discontinuation of treatment, fear of going
to the hospital for their children’s follow-up, and financial crisis
made them upset and stressed sometimes and affected their
quality of life and social functioning.

It is important to assess the caregivers’ burden during stress-
ful times like COVID-19 because such situations cause com-
promise of caregiver needs, well-being, and quality of life.

A cross-sectional study from France done on 1000 caregivers
of neurological patients revealed that the lockdown had a neg-
ative impact on the behavior, social interaction, and morale of
caregivers. They felt lack of help and support [13]. This, in
turn, affects the care of their children. Literature shows that
caregivers were more worried about the health of their children
because of lack of proper therapeutic service support, finances,
and illness. They found telemedicine more beneficial as it avoids
long journeys and saves money as well [14, 15].

Our study was limited by the smaller number of patients and
the absence of any standardized scales to assess caregiver burden
and quality of life. The questionnaire could not be validated.
However, neurometabolic diseases are rare conditions, and our
single-center-based study captures their felt needs. Survey-based
studies play an important role in the rapid assessment of the
current and future needs of patients with rare diseases during
emergency situations like COVID-19.

Conclusion

Our study highlights the problems faced by children with neu-
rometabolic disorders and their parents during the COVID-19
pandemic. Parents of patients with neurometabolic disorders
such as biotinidase deficiency, mitochondrial encephalopathy,
classical homocystinuria, cobalamin C defect, maple syrup
urine disease, phenylketonuria, and citrullinemia preferred home
therapy for their children. Nearly half of the patients with
neurometabolic disorders lost their follow-ups, could not avail
medical services, or had no accessibility to medicines. Care-
givers felt that the COVID-19 pandemic affected their quality
of life in several ways, but irrespective of that, one-third felt
more confident in being able to control the problems related to
their child’s illness. Survey-based studies can aid in providing
an insight into the needs and complex situations of children
with neurometabolic disorders and their parents, even when
physical assessments are curtailed. Organization of responses
from different surveys can help in prioritizing the actions of
healthcare systems to minimize the impact of pandemics or
similar prolonged lockdown conditions on patients with rare
diseases.
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