HUMAN HEALTH

& frontiers | Frontiers for Young Minds Published: 14 October 2022

doi: 10.3389/frym.2022.791562

MULTIPLE SCLEROSIS IN CHILDREN

Danny A. Kwong*, Jonathan D. Santoro?? and Jillian M. Richmond**

IDepartments of Dermatology and Neurology, UMass Chan Medical School, Worcester, MA, United States

2Division of Neurology, Department of Pediatrics, Children’s Hospital Los Angeles, Los Angeles, CA, United States

SDepartment of Neurology, Keck School of Medicine at the University of Southern California, Los Angeles, CA, United States

YOUNG REVIEWER:

6 ALESSANDRO

I'I AGE: 11

Multiple sclerosis (MS) is a disease of the brain that renders people
unable to do simple day-to-day activities. The cause of MS remains
unknown. Doctors hypothesize that there is a “trigger” that makes
the immune systems of people with MS overactive, causing injury to
their own brains and nerves. Exposure to certain viruses and vitamin
deficiencies can increase a person'’s likelihood of developing MS. MS
causes relatively similar symptoms in children and adults. However,
there are specific differences that make the diagnosis, treatment, and
outcomes of MS in children unique. Due to these differences, doctors
use a special set of criteria (rules) when diagnosing children. There is
no cure for MS, but treatments exist to control symptoms and prevent
injury to the brain and nerves.
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NEURON

Cells that make up the
nervous system.

MYELIN SHEATH

A fatty substance that
wraps around a neuron
so messages can travel
quickly and efficiently
between neurons.

Figure 1

(A) A healthy neuron,
with an intact myelin
sheath, can send
signals effectively. (B) In
MS, immune cells chew
up the myelin sheath.
Without this insulating
substance, signals
cannot be sent
efficiently from one
neuron to another,
which results in the
various symptoms of
the disease.

AUTOIMMUNE
DISEASE
A disease where

immune cells attack
the body by mistake.
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WHAT PARTS OF THE BODY DOES MULTIPLE SCLEROSIS
AFFECT?

Multiple sclerosis (MS) affects the brain and spinal cord, which are
parts of the nervous system. The nervous system is made up of cells
called neurons. Each neuron contains a cell body, dendrites, an axon
and a myelin sheath (Figure 1). The cell body acts as the control
center for the neuron. The dendrites are extensions that branch out
from the cell body to receive signals from the environment or other
neurons. Once the dendrites receive a signal, it is sent to the cell body,
then, the axon sends the signal to other neurons. The signal travels
very slowly through the axon in the absence of a myelin sheath. The
myelin sheath is like insulation around a wire—it is a fatty substance
that insulates neurons so messages can travel quickly and efficiently
between them.
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Figure 1

WHAT EXACTLY IS MS?

MS is an autoimmune disease. Autoimmune diseases happens when
immune cells attack the body by mistake. In MS, immune cells attack
the myelin sheath that coats neurons in the brain and spinal cord.
Without the myelin sheath, neurons cannot communicate with each
other, which makes the body unable to perform important activities.
The symptoms of MS depend on which areas of the brain and spinal
cord are affected. Symptoms include numbness and weakness in the
legs and arms, slurring of words, being off balance, vision issues, and
emotional and cognitive changes. Not every person with MS has the
same symptoms.

HOW IS MS IN CHILDREN DIFFERENT FROM ADULTS?

In the United States alone, nearly one million people are living with MS
[1]. MS usually affects people between 20 and 50 years old, but it can
impact people younger than 20. If MS is diagnosed in patients who are
18 years old or younger, it is considered pediatric MS.

Before puberty, MS affects boys and girls equally but, after puberty,
MS is more prevalent in women (3:1 ratio) [2]. Children are more
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ACUTE
DISSEMINATED
ENCEPHALOMYELITIS

A disorder that involves
swelling of the brain
and spinal cord.

MAGNETIC
RESONANCE
IMAGING (MRI)

An imaging technology
that allows doctors to
diagnose MS and many
other diseases.

CEREBROSPINAL
FLUID (CSF)

Fluid that surrounds the
brain and spinal cord.

Figure 2

MRI scans are used to
diagnose MS in both
children and adults. In
children, MS cases
often present with
larger lesions (black
dots) than are seen in
adults. The lesions
represent areas of
inflammation in the
brain.
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likely to develop uncommon initial symptoms of MS, which include
inflammation of the nerves that control the eye, inflammation of the
spinal cord, or acute disseminated encephalomyelitis (ADEM) [2].
ADEM is a disorder that involves swelling of the brain and spinal cord.
Some children with ADEM will only have one attack that resolves
without happening again. Even if they do not have symptoms again,
many children who have ADEM require continued monitoring, to make
sure they are not developing MS. In addition to ADEM, kids are more
prone to developing tremors and trouble swallowing than are adults
with MS, although each patient has unique symptoms.

HOW DO DOCTORS DIAGNOSE MS IN CHILDREN?

Doctors diagnose MS in children using the same medical tools that
they use with adults. Doctors scan the brain using a technique called
magnetic resonance imaging (MRI), and they collect a sample of
cerebrospinal fluid (CSF) to analyze it [2]. Even though the tools used
to diagnose MS in children and adults are the same, the findings
are different.

MS is an immune reaction. When patients receive an MRI scan, they
are given a dye that helps the machine create an image. Because
areas where immune reactions are happening are active sites of
inflammation, they take up the dye quickly, which makes those areas
(called lesions) visible on an MRI scan. Children with MS—particularly
those less than 12 years old—will present with larger lesions than adults
do (Figure 2). The reason for this difference is unknown.

MS patients MR findings

(Brain scans)
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Figure 2

WHAT CAUSES MS IN CHILDREN?

We simply do not know yet why children get MS. Risk factors like
genetics, exposure to certain viruses, and low vitamin D levels have
been linked to a higher likelihood of developing MS as a child. What
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REFRACTORY MS

A type of MS where
patients do not respond
to regularly prescribed
MS medications.
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we do know is that MS is not contagious, so it can not be passed on
to other people by contact.

Scientists and doctors believe that genetics play a role in MS. However,
no specific genes have been identified as causing MS. Children born
to mothers and fathers who have MS have a higher rate of developing
the disease, so doctors believe that if a child inherits the correct
combination of genes from his or her parents, that child will have a
greater likelihood of developing MS [2].

Exposure to the Epstein-Barr virus (EBV) has been reported to increase
a child’'s chances of developing MS [2]. EBV causes a disease called
mononucleosis or, more commonly, ‘mono.” EBV can trigger the
Immune system, activating it to cause the symptoms of MS. However,
many children who get infected with EBV do not develop MS [2].

Vitamin D deficiency has been shown increase a child’s likelihood of
developing MS. Vitamin D is important for keeping the immune system
healthy and for brain development [3]. Therefore, it is logical that
people who have lower vitamin D levels may be at risk for unhealthy
Immune responses that could contribute to MS. Because of this
finding, physicians have started to prescribe vitamin D supplements to
MS patients, to help with symptoms. However, data shows that vitamin
D is not always an effective treatment, and the benefits are usually
small [3]. In general, most doctors prescribe vitamin D along with other
medications, to maximize the chances of controlling symptoms.

HOW IS MS TREATED IN CHILDREN?

There is currently no cure for MS, but the disease can be treated
and managed. There is only one FDA-approved therapy specifically
for children with MS, called fingolimod. But MS treatments that
are approved for adults are often used for kids [4]. Although many
children with MS have low levels of disability, doctors may recommend
physical, occupational, or speech therapy to help patients recover [5].
Treatments must be continued over a patient’s entire lifetime, although
many therapies significantly decrease the risk of relapses and can help
prevent further disability.

To manage flare-ups, children with MS are encouraged to eat
a well-balanced diet that includes protein, healthy fats, complex
carbohydrates, and lots of greens, to promote their general health.
Children are also encouraged to participate in physical activities to
increase muscle strength and alleviate symptoms.

Most children with MS who are diagnosed and treated early have
minimal symptoms on a day-to-day basis. However, children with MS
are more likely than adults to have refractory MS, meaning their MS
might not respond to the usual medications. For this reason, children
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who develop MS need to be cared for by doctors who specialize in
this condition. Researchers are currently working on new therapies to
reverse the effects of MS.

WHAT IS IT LIKE TO DEVELOP MS?

A healthy young woman, a straight-A student and captain of the soccer
team, was 16 years old when she developed her first symptoms of MS.
Over a few days, she began to notice that her right side felt heavier
and heavier, and she began having difficulty moving her legs. These
symptoms did not bother her much at first, but 3 days after they
started, she fell in her room due to her weakness. Her family took her
to her pediatrician who then sent her to the emergency room. There,
she met with a neurologist (brain doctor), who performed an MRI of
her brain, which showed inflammation. She spent a few days in the
hospital taking medicine to help immediately reduce the inflammation.
Over the next few weeks, she felt like herself again. She had a long
discussion with her neurologist about the treatments she could take
to prevent this from happening again. She chose a medicine called
natalizumab, which helps block immune cells from moving into the
brain. Since starting this medicine, her MRIs have been stable and she
has not had any relapses. She graduated from high school last year and
is now playing soccer at her university.

CONCLUSION

Researchers and doctors understand that MS is an autoimmune
disease caused by immune cells attacking the myelin sheath of
neurons. There are many known risk factors that can trigger MS such
as genetics, exposure to the EBV virus and low vitamin-D levels. These
are true for MS in both children and adults. However, MS in children
presents with larger lesions in the brain and depending on which areas
of the brain are affected will determine how severe their symptoms
are. Even though MS is a debilitating disease, individuals with MS can
still live a meaningful life by managing their disease and flare-ups such
as eating a well-balanced diet and getting lots of exercise. Currently,
researchers and doctors are working on further understanding the
disease as well as developing treatments and possibly a cure in
the future.

ADDITIONAL RESOURCES

https://www.nationalmssociety.org/What-is-MS/
Who-Gets-MS/Pediatric-MS

https://msfocus.org/

https://www.erasems.org/
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YOUNG REVIEWER

ALESSANDRO, AGE: 11

Hello!  am Alessandro and | am 11 years old. My favorite sport is Rugby, which is the
sport | play. | love Rock music. | play Electric guitar and | like to play the PlayStation
with my friends. | would like to be a doctor when | grow up, because it is very
important for me to help people.
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