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Dr. Ellen Antoine, who figured out what was wrong with our daughter and how to help her while holding our family together during a mighty storm. She is the best physician and the best person I have ever known. I love you immensely;

our daughter, Emma, and her siblings, Jacob, Dylan, Nick, and Kyle, who endured this challenge with her. You are our life, and we are so proud of you;

Nan and Herb Tesser, who drove countless miles and helped our family at every opportunity;

Sharon Tesser Frizzell Myers, who was always the voice of reason and a shoulder on which to cry;

the physicians and other healthcare professionals reading this textbook who will help return lost children to their parents;

the children and parents currently fighting against PANS and PANDAS—may you have enduring hope and complete healing.




FOREWORD

(ELISA SONG, MD)

Katelyn was moving out of state the summer after 3rd grade. I remember seeing her in my office for her last well check – a spunky, bright, chatty, athletic nine -year-old girl who loved math, hip-hop, gymnastics, and lacrosse. And mostly, she loved hanging out with her friends. What she didn’t share at that visit with me or mom, was that she was starting to have urges to touch certain things in particular ways.


Three years later, her family moved back, and reached out because they were at a loss as to how to help her. Katelyn’s urges in third grade to touch things had ramped up along with her anxieties. She started catastrophizing about bad things happening to her family. She was doing competitive gymnastics, and started developing extreme anticipation anxiety and OCD around meets—she would spend hours tumbling and touching things around the house, turning lights on and off, not wanting to step over lines. It was exhausting for her to do. It was exhausting for her family to watch.

Along with her anxiety and OCD came an element of chaos that was difficult for her parents and her to describe. She had always been organized at school and at home, and now there was a constant state of disorganization—in her room, backpack, binders, etc. She forgot to put her name on things and forgot things she had learned before—even her rock-solid math facts she knew like the back of her hand.

They noted that the year before in the spring of fifth grade, everything worsened. Her anxiety and OCD went through the roof. She could barely leave the house. And she was starting to hurt herself. Her parents reluctantly started her on an SSRI antidepressant medication—they couldn’t have her suicidal ideation and self-injurious behavior worsen. It didn’t help as much as they had hoped, and before throwing a dart to see which psychiatric medication to try next, they wanted to explore any integrative and functional medicine options that might help. Something just didn’t feel right. Katelyn was not the child she had been, and they wanted to find out why.

When I saw twelve-year-old Katelyn in my office, I hardly recognized her. She could barely make eye contact or hold a conversation. When I asked her a question, she would look at me as though she were terrified, pupils dilated, staring at me like a deer in headlights. I could tell her brain was working hard to just understand the simple questions I was asking. Her voice was quavering and soft, with a nasal, baby-like quality that I hadn’t noticed when she was nine. Her hands were shaky, and she had bruises all over her shins. Mom had forgotten to mention that over the past year, Katelyn had gone from being a competitive, coordinated gymnast, to being clumsy, uncoordinated, unable to remember her routines, and being totally accident-prone—hence, the bruises. Her poor performance in gymnastics seemed trivial compared to everything else Katelyn was going through.

As we combed through her history, one key detail stood out to me—something that I might have overlooked in years past had I not known what PANS/PANDAS was. During spring break of her fifth-grade year, Katelyn had gone to Disney with her friend’s family. She recalled being happy and relaxed when she was there and wished that she could go back to how she used to be. During that trip, she had a fever and sore throat that was presumed viral. Her fever and sore throat resolved, but it was about a week after coming home that her anxieties and OCD started to ramp up. And then the cutting began.

An extensive lab workup revealed zinc and vitamin D deficiencies, suboptimal thyroid functioning, gluten and egg sensitivities, and most importantly—elevated antistreptolysin O (ASO) and anti-DNase B Strep antibodies. Some of the most elevated I’d ever seen. We started Katelyn on supplements to support her nutrient deficiencies and immune function, and a trial of antibiotics.

A short six weeks later when I saw Katelyn back in the office—she was “back!” Her eyes were bright and her voice was strong as she answered my questions with the same happy spirit I remembered from three years before. Her OCD and anxiety were nearly gone. Her clumsiness was totally gone, although she decided to step back from competitive gymnastics because of the stress. She was organized, and her executive functioning skills were re-emerging. Her mood was great, and she felt so much better physically and emotionally. Both Katelyn and her parents noted that it was like a “night and day” difference. They went back to her psychiatrist to share the great news and to see if she could wean off of her SSRI as she stabilized. And the first thing her psychiatrist said, “There’s no such thing as PANDAS.”



I wish I could say that Katelyn was the first and only child with PANS/PANDAS to be told this. Sadly, even as a pediatrician practicing literally down the street from the Stanford Immune Behavioral Health (formerly PANS) Clinic, there are too many pediatricians, psychiatrists, and pediatric practitioners who do not believe in PANS/PANDAS. And even for those who do believe, the PANS Clinic is virtually impossible to get into, and they don’t know who else to refer their patients to.

What physicians on the front lines need is a place to start so that their patients don’t become the 7 in 10 who had to see three or more doctors before getting the right diagnosis (PANDAS Network Survey 2018). You can’t recommend the right treatments if you don’t have the right diagnosis.

In 2018, nearly half of parents said that “Our journey was met with medical professionals who meant well but were unable to help our child.” Over half said that “Our journey was met with doubting medical professionals who made us feel like we were crazy.”

If you’re reading this book, I know that you are one of the medical professionals who knows that PANS/PANDAS is real. And you are one of the medical professionals who wants to understand how to help the children in your practice—but you’re not necessarily sure where to start or how. Or you’re unclear what else can be done besides sometimes unattainable treatments like IVIG. You want an evidence-based guide to sort out the noise and offer effective treatment options so that your patients don’t go down the Dr. Google rabbit hole.

Enter Drs. Scott and Ellen Antoine. My dear friends, colleagues, functional medicine and PANS/PANDAS physician experts, parent warriors, and patient advocates. Through their personal story, they learned by any means necessary how to help their daughter with crippling PANS symptoms, despite being told multiple times by respected physician colleagues that there was no such thing. Scott and Ellen pieced together the diagnostic and treatment plan for their daughter based upon the principles of their already proven Fully Functional® process that now paves the way for other physicians to do the same for their patients. No more fumbling around trying to piece together the latest clinical research. No more feeling alone in your quest to support your patients who are not receiving the support they need from specialists, therapists, or schools.

The Comprehensive Physicians’ Guide to The Management of PANS and PANDAS is the physician’s guidebook that I wish I had fifteen years ago, as I was navigating my way through the research and trying to translate this into practical, clinically relevant and actionable diagnostic and therapeutic plans for the patients sitting in front of me. Dr. Scott Antoine wrote this book so that you don’t have to fumble or feel alone.

In this essential guidebook for physicians, you will learn:


	An evidence-based, integrative and functional medicine approach to PANS/PANDAS

	The key elements in making a diagnosis of PANS/PANDAS

	How to identify the key infectious and inflammatory triggers of PANS/PANDAS - and what to do about them

	What laboratory and radiologic tests to order, based on your clinical history and physical exam

	How to manage the symptoms of PANS/PANDAS with evidence-based supplements and therapeutics (and why SSRIs and other psychiatric medications often fail)

	Ways to resolve immune dysregulation (including strategies to get IVIG covered for your patients)

	1200+ references to share with colleagues and parents who may need more “evidence”



The Appendices are worth their weight in gold as a go-to reference guide for the practicing physician—from exact test code numbers for LabCorp and Quest, medication and supplement dosages by age, and what to do during a PANS/PANDAS flare.

This book is written by a doctor for doctors to understand how to bring the art and science of evidence-based medicine back to the treatment of children with what otherwise could be a devastating series of ineffective psychiatric medications and therapies and life-altering stress and grief for entire families. This will be your roadmap to navigate this journey with your patients for years to come so that your patients, and you, can move forward with hope and healing.

May you never stop questioning the power of the art and science of medicine to help your patients thrive.

Sincerely,

Elisa Song, MD, MPP




PREFACE WHY I WROTE THIS TEXTBOOK AND HOW IT CAN HELP PHYSICIANS

The story behind why I wrote this book begins with our own family’s story. It’s the story of a mighty struggle and a victory that changed us forever.

It was a Friday night in the fall of 2013. Friday nights were the best. All seven of us (me; my wife, Ellen; Jacob; Dylan; Emma; Nick; and Kyle) would make dinner together. Friday dinners were usually extra fun since we would always have a theme, like “make your own pizza” or “make your own ice cream sundae.” After dinner, we would find a family movie to watch on the TV over the fireplace. Once the movie was over, the sleepy clan was escorted upstairs to drift off to sleep and usher in the weekend.

This particular Friday night was a bit different. Emma, who was twelve at the time, seemed moody. She was usually carefree and upbeat. Something had suddenly changed from just a few days before. After dinner, just before we were about to start the movie, Emma came to us visibly upset. She said, “I’m scared that God does not think I’m a good person.” We were completely shocked. We had several discussions that night. It seemed that whatever Ellen and I said, we failed to reassure her. Then she broke down crying. After praying with her, she seemed a bit better and was able to watch the movie. We thought this was just “teenage stuff” and were not overly concerned. She had difficulty getting to sleep that night (which was unusual) and came into our room several times to ask if the doors to the house were locked.

We did not notice much over the next few days. All the kids went off to school. Emma went to soccer practice. She was spending more time with us, watching TV in our bedroom before she went to bed. As the week went on, it became more and more difficult to get her to her own bed to sleep. The crying episodes and talk about God continued. Though it was not unusual to discuss spiritual topics in our home, since we are people of faith, this was different. There was an insistence, an urgency in Emma’s voice. Things were getting progressively worse.

About three weeks later, we noticed that Emma’s hands were very red. She had open cracks on all her knuckles. About the time we noticed this, we also noticed that she was washing her hands—a lot. She was washing them at least once per hour and really scrubbing them. She was also using a lot of soap. Soon after this, she started taking two or three showers a day lasting 20–30 minutes each. Within a month we were rationing soap for showers and locking up all of the soap and shampoo in a hall closet we had fitted with a padlock.

The crying fits and questions continued. Emma then started saying she heard a “good voice” telling her to do the good things God wanted her to, and she heard a “bad voice” telling her to do bad things. She also began to lose control of her bladder. Although she had no burning or other signs of urinary tract infection, she began to lose bladder control several times a day, which resulted in the need for an extra-long shower.

Her behavior became increasingly defiant. What started out as a cry for help turned into distrust of what we were telling her. She could not understand why we were telling her she was clean after she had just finished a shower, because she still felt very dirty. Soon she was unable to eat any meat that we prepared because she convinced herself that it was raw and would make her sick.

Nighttime became a battleground. She would not stay in her room; she always had “just one more” question. These questions were about whether the food she consumed was cooked or whether there was dog poop on her bed clothes or whether her hands were clean. The questions went on, rapid-fire, for increasing periods of time. Soon we started limiting the time she could ask them. After we limited the number of questions she could ask, she would stand in the hallway in front of her room screaming, insisting on answers for all of the rest of her questions immediately. At the height of her illness, she kicked our locked bedroom door off its hinges. Twice. All sixty-five pounds of her. It was like our daughter was gone.

Ellen and I had both been physicians for almost twenty years at this point, so our medical minds were not idle. But we had no plausible explanation for Emma’s symptoms. We had never seen anything like it. She had no headaches. No fever. Her neurological exam was normal. It just didn’t make sense.

Unsure how to proceed, we hit the books. Late one night, Ellen discovered some literature from physicians at the National Institute of Mental Health on something called “PANDAS.” PANDAS stands for Pediatric Autoimmune Neuropsychiatric Disorder Associated with Streptococcal infections. Ellen read five or six peerreviewed, professional articles on PANDAS from the pediatric mental health literature. Children with PANDAS develop very specific symptoms following a Strep infection: severe neuropsychiatric symptoms such as food refusal, obsessivecompulsive disorder (OCD), sleep disturbance, anxiety, defiant behavior, tics, and trouble with bladder control.

Once Ellen showed me the articles, I knew she had found the diagnosis. Emma had every single symptom of this disorder. Now that we had a direction, we needed help.

The very first call Ellen made was to Emma’s pediatrician. She left a message that we thought Emma had PANDAS and that we needed help. We knew that some lab testing might be needed and hoped that she could help us get the testing and the treatment Emma needed. We never received a call back. At the time, we did not understand why her doctor did not return the call. Now that we have been involved in many of these cases, I can say that this is not a rare occurrence. Many parents with children fighting PANS (Pediatric Acute-onset Neuropsychiatric Syndrome) and PANDAS are met with disbelief from their physicians. Next, I called a pediatric infectious disease physician from our local children’s hospital and told him what was going on with Emma and asked if he could help us with PANDAS.

“I just don’t believe PANDAS exists,” he said. “I can’t help you.” He hung up the phone.

As our patients can attest, Ellen and I never give up looking for answers for them. And we certainly weren’t going to give up on our own daughter. We soon began an exhaustive search for answers in the medical literature and searched for a physician colleague to help us. Luckily, Ellen remembered hearing a lecture by a physician from New York City who took care of children with complex medical conditions. She found his name and, soon after, she was on a plane with Emma headed to see him.

The physician walked in the room for Emma’s initial evaluation, took one look at her and told Ellen, “You are correct, this is definitely PANDAS.” We had been able to order some lab work before the visit. Emma’s Strep antibody titers were elevated, which helped support the diagnosis. He prescribed some antibiotics but said, based on how sick she was, that he felt she needed intravenous immunoglobulin (IVIG).

We felt a bit better at this point because we finally had hope in the form of antibiotics and IVIG. Once Emma and Ellen got home, I called a pediatric neurologist at our local children’s hospital who prescribed IVIG to children with other neurologic disorders. I started from the beginning and explained Emma’s symptoms, which were getting worse by the day. I reviewed her lab results with him and asked about IVIG.

“Look,” he said in an annoyed tone, “it sounds like your daughter just needs to be on antipsychotic medication and needs to be locked up in a mental hospital.”

I simply replied, “Thank you” and hung up the phone. Not our daughter.

Then began a quest that gave a whole new meaning to the phrase never give up. We continued to search the world’s medical literature and did countless hours of web searches. We called colleagues. Ultimately, we found a physician in a neighboring state who treats children with PANS and PANDAS. He also ordered IVIG for children who were severely affected, like Emma. We had an initial phone consultation, and he reviewed her labs and agreed that she needed IVIG therapy because of how sick she was. We were grateful that we were going to get what Emma needed, and thought it would not be a problem… until we tried to get approval from our insurance for IVIG treatment.

IVIG treatments cost around $20,000 for a two-day infusion. As a result, most insurers have very restrictive policies concerning IVIG. One common reason for denial of authorization given by insurance companies is that PANDAS and PANS don’t exist, and that this is an “experimental treatment.” If the IVIG is ordered for PANDAS, it results in an automatic denial of coverage (as in our case). At this point there are only two choices: parents must pay out of pocket, or they don’t get IVIG for their desperately ill child.

We knew we had to make this happen, so Ellen got on the phone (multiple times over a six-hour period). Through tears and frustration, she convinced the physician working for the insurance company to approve the IVIG during a peer-to-peer consultation. Fortunately, she had the clinical experience caring for patients and could, in essence, “speak the same language” as the physician reviewer. He ultimately found some criteria under which to approve the IVIG infusion. This would not have turned out the same if we were non-physician parents appealing the denial.

I took Emma on a four-hour road trip to receive IVIG over two days. Once we finished the second day, we got in the car and drove four hours back to our home just north of Indianapolis, Indiana.

Then it happened.

It was as if the curtain had been lifted. Four days after IVIG—yes, four days—her symptoms disappeared. She was back. We cried. We prayed a prayer of thanksgiving to God. It was as if the light went on and she returned to us. She was sorry for the defiance (and for kicking the door off the hinges). She was happy again. No more voices. Her hands began to heal over the next few weeks.

Having a child who is sick is heartbreaking. But what is worse is having a child who is sick and having no hope. We held on to hope throughout Emma’s illness. But it was hard, so hard. One of the worst parts of this whole ordeal was the fact that, even as physicians, we were stuck in a medical system that did not believe in PANS and PANDAS (despite extensive peer-reviewed literature from the National Institute of Mental Health and numerous academic centers).

After our ordeal, I knew I had found my purpose. We dedicated our practice to making sure that no family ever has to go through what we went through.



This is a book by physicians for physicians.

We live in an age of disposable information and questionable sources. The material in this book was not assembled by scouring the internet for the most popular health and wellness blogs, but by thoughtful review of the primary sources from the peer-reviewed literature. It is composed of evidence from both the basic science and clinical literature.

This information was then combined with over thirty years of clinical experience caring for the sickest patients both in and out of the hospital. The result is the textbook you now hold in your hands. It is a work forged through a multitude of clinical encounters and has been developed for physicians while keeping both the patients and their families in mind.

This book was written to bring back some of the art of medicine to physicians caring for a group of children and families who really need it. PANS and PANDAS are complex disorders that can’t be tackled with just antibiotics, steroids, and IVIG, although each of those things has their place. These disorders demand a rich, multifaceted response that ventures into the world of integrative medicine to find misunderstood (or forgotten) infections, toxins, and novel treatment approaches. There is currently no recognized standard of care for PANS and PANDAS. This may be because these disorders are still not widely recognized as being real; or it could be because the best medical care is not algorithmic but personalized. The standard of care for my daughter in the depths of her illness would have been psychiatric medications and hospitalization. But the very best physicians sometimes need to stray away from the standard of care just long enough to save a child. And we’re so glad they did.

We feel privileged to have been able to add to this work and synthesize a new framework from which to move forward.

In this textbook, you will find rock-solid scientific evidence for the existence and pathophysiology of PANS and PANDAS, as well as the testing and novel treatment interventions we have successfully used in our practice. There is much to be gained by reading the book from cover to cover, but each chapter is self-contained; you will find some redundancy of published references between chapters to save the trouble of jumping around. At the end of the book, in the appendices, you will find helpful resources, such as labs that we typically order, doses of medications and supplements we commonly use, a sample PANS/PANDAS flare protocol, useful information to share with parents, sample IVIG orders, and much more.

I’d like to welcome you to this work. The patients and their families need you.



NOTE: This textbook is for physicians and is intended to help them understand PANS and PANDAS through our unique clinical experience with these disorders. The information in this text is for educational use only and is not intended to be medical advice. Patients should always consult their personal physician before starting any new medications or supplements, or before implementing any lifestyle changes. Physicians must make decisions about patient care based on the history they procure, the physical examination findings, and the diagnostic data they obtain from their patients. They must also base treatment decisions upon their own medical experience and understanding of the disease process they are treating. The statements made about products and services have not been evaluated by the US Food and Drug Administration. This book and the information within it are not intended to diagnose, treat, cure, or prevent any condition or disease.




CHAPTER 1 DIAGNOSING PANS AND PANDAS


The good physician treats the disease; the great physician treats the patient who has the disease.

~ SIR WILLIAM OSLER



KEY POINTS



	PANS and PANDAS are forms of autoimmune encephalitis

	PANDAS is a type of PANS

	PANS and PANDAS are clinical diagnoses

	Classic criteria establish the diagnosis of PANS and PANDAS

	The onset may be gradual in some cases

	Symptoms are typically severe

	PANS and PANDAS can only be diagnosed when the symptoms are not better explained by another neurologic or medical disorder








SOME QUICK DEFINITIONS

PANDAS is Pediatric Autoimmune Neuropsychiatric Disorder Associated with Strep (infection). PANS is Pediatric Acute-onset Neuropsychiatric Syndrome.

The concept of PANDAS was first defined in 1997. In PANDAS, an autoimmune attack on the brain occurs following an infection (either skin or throat) with a specific strain of group A β-hemolytic Strep (GABHS). PANS is the broader term, which includes not only cases following Strep infections but also cases following other infections, toxins, or even stress. So PANDAS is actually a type of PANS. A working definition of PANS was first introduced in 2012. A comprehensive discussion of the history and the compelling science behind PANS and PANDAS follows in Chapter 2.



SOME NEEDED BACKGROUND

We are trained as physicians to look for specific details provided in the history and physical examination and subsequent testing. In a patient with appendicitis, for example, we would expect (at least according to what we have been taught) to find pain in the right lower quadrant, fever, and elevated white blood cell count with a left shift. As you likely know, many patients with appendicitis present that way, but we have seen patients with acute appendicitis arrive at the hospital without an elevated white blood cell count or fever, and only vague, non-localized pain in their abdomen. Some patients with an acute MI don’t have chest pain. People are complex. Applying diagnostic criteria rigidly can cause us to miss potentially serious illness. PANS and PANDAS are no different.

The classic criteria presented below are based upon the most recent update, but we have had more than a few patients present with most of the signs and symptoms of PANS and PANDAS without actually meeting all the strict diagnostic criteria. The bottom line is, if your patient has more than two or three of the findings in any of these groups of symptoms, there is a problem. They may not technically meet the criteria for PANS or PANDAS, but the information in this textbook is still helpful, because other neuropsychiatric disorders in children share some of the same root causes as PANS and PANDAS and have responded very well to our approach.

You may notice that this chapter on the diagnosis of PANS and PANDAS does not contain a detailed discussion of laboratory or radiology testing. This was purposeful since PANS and PANDAS are clinically diagnosed; they do not require any specific lab or radiology testing to establish the diagnosis. Labs and radiology tests can be helpful, however, to rule out other diseases and to give you, the physician, an initial direction to begin to help the patient. Laboratory and radiology testing are discussed extensively in Chapter 7.

Although many parents call our office in hopes of finally getting a diagnosis of PANS or PANDAS, the diagnosis itself doesn’t matter—healing does.



THE CLASSIC DIAGNOSTIC CRITERIA FOR PANS1

Refer to the section following the summary for specific details on each symptom.

Requirement 1: abrupt, dramatic onset of obsessive-compulsive disorder and/or severely restricted food intake

AND

Requirement 2: presence of symptoms from at least two of the following seven categories (similarly severe and of abrupt onset):


	Anxiety

	Emotional lability (rapidly changing moods) or depression

	Irritability, aggression, and/or severely oppositional behaviors

	Behavioral (developmental) regression

	Deterioration in school performance

	Sensory or motor abnormalities (new sensitivity to clothes, smells, loud sounds; facial, voice, or hand tics; clumsiness)

	Somatic signs and symptoms (urinary issues or sleep disturbance)



AND

Requirement 3: not better explained by a known neurologic or medical disorder


Breaking down each step of the diagnosis

Age of onset - Although the original PANDAS criteria2 stated that the age of onset was between three and thirteen, we now know that PANS or PANDAS may start after puberty. In our practice, we have seen older teens and even adults develop symptoms identical to those seen in PANS and PANDAS. In adults with similar symptoms, we don’t use the terms PANS or PANDAS but refer to these patients as having autoimmune encephalitis. Early investigators opined that some cases of mental illness in adults may represent missed cases of PANS or PANDAS as children. The average age of onset in PANS and PANDAS is 7.5 years. Boys outnumber girls by a ratio of 2:1. Children at the younger end of the spectrum present a special challenge since they cannot vocalize what they are thinking. Terms in the medical literature commonly used to describe the magnitude of the initial symptoms are “ferocious” and “foudroyant.”

Sudden onset - Large parental and physician surveys3 show that 88% of cases are sudden onset (symptoms ramping up within three days). In other cases, a more gradual onset is noted. When questioned, even parents with a child who has had a very rapid onset sometimes report that some milder symptoms were present in the weeks to months before the more concerning symptoms suddenly appeared.

OCD - These children usually have unwanted, intrusive thoughts and compulsions. These behaviors often involve rituals such as a required bedtime routine which, if violated, results in a huge tantrum. Other traditional manifestations of OCD are seen, such as counting things and having to do things a certain number of times. Obsessive religious thoughts (and negative self-worth tied to them) may occur. Children may express a concern that they will hurt someone or poison them. In this case, it is the fear of having the thought that is distressing for the child (and concerning for the parents).

Magical thinking is seen, such as a child believing that if they don’t perform a certain action or ritual, a family member will get sick or die. Sexual thoughts toward siblings, parents, or teachers may occur. This is particularly disturbing for parents, who may assume the child has been the victim of abuse.

Children with PANS and PANDAS may enter what we refer to as the “continuous question mode” where they repeatedly ask for reassurance (“Is the door locked?” “Is the meat cooked?”) hundreds of times daily. Children may tell the parent that if they just answer one last time it will make them feel better. Unfortunately, answering fuels the fire of the OCD, resulting in even more questions. The OCD portion of PANS and PANDAS is one of the most uncomfortable and heartbreaking aspects of these disorders.

Restrictive eating - This criterion does not refer to children who are picky eaters or have a small decrease in appetite. Children with restrictive eating are often concerned they will choke on foods. They also may suddenly object to certain textures or flavors of foods (which they may have liked before the illness). These children are sometimes diagnosed with ARFID (avoidant restrictive food intake disorder),4 which is a psychiatric diagnosis listed in the DSM-5. Although these children may meet the criteria for this disorder, it is an incomplete description, as they also have the sudden onset of other symptoms as noted previously. It is best to think of restrictive eating in PANS and PANDAS as a type of OCD. If oral intake is significantly impacted, weight loss and dehydration may be seen. In extreme cases, children may need to be hospitalized for IV fluids or artificial nutrition. If concerns for an actual physical blockage or obstruction are present, a consultation with a gastroenterologist or ENT physician is necessary for an appropriate workup.

Anxiety - The sudden onset of anxiety is reported in 96% of cases.3 Separation anxiety is very common. Parents may find that the child will plead with them not to leave for work. Older children may repeatedly call or text the parent when they are gone. Unfulfilled OCD rituals are a common cause of extreme anxiety for the child. As with OCD, reasoning with the child is not effective when the child is experiencing a severe flare.

Emotional lability or depression - One parent related a story about watching a movie with her family when her child suddenly stood up and threw an entire bowl of popcorn and began to scream with no apparent trigger. Depressive symptoms can also be seen. The child may express suicidal thoughts to the parent and threaten self-harm, such as taking their seat belt off in the car or threatening to jump out when the car is moving. This behavior may require emergent psychiatric evaluation.

Irritability, aggression, or severe oppositional (defiant) behaviors - We often tell parents that extremely defiant behavior may just be an expression of severe anxiety and OCD. Extreme fear may cause the child to become aggressive or uncooperative.

Aggressive behavior may be directed toward siblings, friends, and (less often) parents. Defiant behavior in school may lead to disciplinary action against the child, though the behavior is actually caused by a medical condition (PANS and PANDAS). For this reason, we recommend parents get involved early at their child’s school and insist upon getting an individualized education plan (IEP) in place. More information on IEPs and other school support may be found in Appendix D.

Following the great flu pandemic in 1918, post-viral encephalitis with a clinical picture very similar to PANS appeared. In 1926, an article by Bond and Partridge5 commented on the behavioral changes seen in these children as follows:


One would prefer a physical trouble which would produce outspoken feeble-mindedness with its limited range of harmful effects to this encephalitis which may produce an intellectual, tormented, and cruel monster out of a gentle girl or boy.



Behavioral (developmental) regression - This can appear as baby talk or playing with toys generally used by younger children (a teenager beginning to fingerpaint again). Emotional immaturity fits here as well. This can cause problems in social situations with peers.

Deterioration in school performance - Decreased comprehension and attentional issues abound in these children. They are often diagnosed with ADHD and medicated with stimulants, which may make anxiety worse. Computational ability may be lost, leading to issues with math. Margin drift is often seen when paragraphs are written by hand on a page. The left margin may gradually drift farther and farther to the right down the written page. Decreased ability to copy simple pictures may occur. In severe cases, handwriting can deteriorate into a jumbled mess with no word spacing and no distinction between capital and lowercase letters. Early establishment of an Individualized Education Plan (IEP) is essential to protect the child’s rights at school and prevent disciplinary action from the school for behavioral changes caused by these medical conditions. See Appendix D.

Sensory or motor abnormalities - Some of the symptoms in this category have to do with increased sensitivity to sensory stimuli such as temperature change, immersion in water, tighfitting clothing, loud sounds, or strong smells (perfume, car exhaust, cooking food), which may cause the child to become very uncomfortable. This often leads to behavioral problems.

Intolerance of certain food textures or strong smells may be confused with food refusal for other reasons, such as fear of choking. These children may throw a fit when parents are trying to get them dressed. This can be the initial presentation of PANS or PANDAS, as a child may wake up and refuse to put on socks or pants. Unable to express what they are feeling, they often use the phrase “it’s not right!” when this occurs. Clothing refusal can prevent the child from attending school or going outside.

Overreaction to sensory stimuli can be a source of great conflict between parents and children with PANS and PANDAS. We often tell parents that, to these children, putting on socks feels like having ice water poured down your back. Letting the child dictate which comfortable clothes they wear or what sounds and smells they are exposed to goes a long way toward calming them down. Parents have to choose their battles, and clothing choices are not worthy battles in this fight. Decreased ability to tolerate siblings can often be traced to the simple fact that children are loud. A rarely seen subtype of sensory abnormalities is children who suddenly become sensory seekers. These children will want to climb, run, or go very fast on their bicycle. Protecting them from injuries is important.

Tics also fall into this category. Motor tics consist of small jerking movements of hands or fingers, scrunching up the nose, squinting, or repetitive blinking. Vocal tics usually consist of throat clearing, coughing, or sniffing. Rarely, vocal tics are manifested by the repetition of a specific word. This is one differentiation between PANS and PANDAS and Tourette syndrome (TS), where different words and phrases are more common.

The medical community and Tourette syndrome organizations have stated that Tourette syndrome has no immunologic basis. However, in position statements by these organizations, they acknowledge that TS patients often have OCD and anxiety along with tics.6 The same position statement also notes that TS occurs as a result of genetic predisposition and environmental factors.

We believe that, over time, infection and environmental toxins along with immune dysregulation will be recognized as the underlying root causes of TS, just like they are in PANS and PANDAS. Once that happens, TS and PANS and PANDAS will be viewed not as distinct and unrelated disorders but as points along a continuum of neuroinflammation and autoimmunity. It is important to note that tics seen in patients with PANS and PANDAS are usually small in caliber. Larger, flailing-type movements of a whole extremity or violent movements of the head and neck are not common with PANS and PANDAS and may point to the diagnosis of Sydenham chorea, which requires IVIG, long-term prophylactic antibiotics, and an evaluation for the cardiac complications of acute rheumatic fever.

Children suffering from PANS or PANDAS may also exhibit increased clumsiness and lose the ability to ride a bicycle, do gymnastics, or throw a ball accurately. Increased falls or dropping things may be seen. Protection from harm during these activities is very important.

Somatic signs and symptoms - This category usually refers to issues with sleeping and urinary changes.

Sleep disturbances are the norm. These children may experience difficulty falling asleep or may have early waking. Agitation and anxiety commonly increase at night. New or worsened fear of the dark is also common. Screaming at night may disturb others trying to sleep. Many times, these children don’t want to sleep alone, but want to sleep with their parents. Although they sometimes may want to sleep in their parents’ bed, more often than not they want a parent (usually the mom) to sleep in their bed with them. Sleep helps remove toxins from the brain and has a neuroprotective effect.7 Sleep deprivation thus adds insult to injury. If stimulants are prescribed for attentional issues in these children, sleep may be adversely affected even further. In both children and adults, sedatives to induce sleep are not a good solution since they inhibit much needed REM sleep.8

Urinary changes are very common. Incontinence can be seen during the day with new nocturnal enuresis in a child who had previously been dry at night. Many of these children will have greatly increased urgency when they do have to urinate. They will be going about their day at school or home when they suddenly have extreme urgency to urinate. If a bathroom is not readily available, this can result in urinary incontinence. This may be particularly disturbing to children who have some OCD associated with contamination. Many parents will initially write these symptoms off and explain them by saying the child gets involved in activities and forgets to go to the bathroom until it’s too late. Careful attention to this pattern, though, will reveal that it is a sensory issue unrelated to the will or activity level of the child. Obviously, dysuria, fever, or abdominal pain associated with these symptoms should prompt an evaluation for a UTI.

Not better explained by a known neurologic or medical disorder - This phrase is a vital part of the criteria and should never be overlooked.

We have a saying in medicine: “…until proven otherwise.” Part of medical professionalism is ruling out an MI first before concluding that a patient’s chest pain is due to a less serious diagnosis such as indigestion or anxiety. Failure to keep these additional diagnoses in mind can cause a physician to miss an alternative diagnosis requiring different treatment.

The same is true with otherwise healthy children (and adults) with a sudden neuropsychiatric complaint. A careful history and physical examination is essential to exclude the possibility that this behavioral change is caused by a structural brain problem or CNS infection, like meningitis. If still unsure after the history and physical examination, additional testing may be required to rule them out. This might involve laboratory testing, an MRI of the brain, or referral to the emergency department for more urgent testing if indicated. As previously noted, gastroenterology consultation may be required in the case of children with swallowing complaints to rule out the possibility of some blockage in the structures of the neck or esophagus.
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CHAPTER 2 THE SCIENCE AND HISTORY BEHIND PANS AND PANDAS


Nearly every great discovery in science has come as the result of providing a new question rather than a new answer.

~ PAUL A. MEGLITSCH



KEY POINTS



	The immune system is responsible for monitoring and reacting to foreign substances it deems harmful or noxious

	Autoimmunity is defined as a loss of self-tolerance which results in tissue damage

	Autoimmunity occurs as a result of molecular mimicry where pathogen-associated molecular patterns similar to human tissues trigger an immune response

	PANS and PANDAS are evidence-based concepts

	Many different infectious organisms have been shown to trigger neuropsychiatric symptoms

	Environmental factors can also trigger neuropsychiatric symptoms







To fully understand the discovery and pathophysiology of PANS and PANDAS, you have to start with the immune system.

When properly functioning, the immune system must:


	Maintain barriers that prevent easy, unsupervised entry of foreign molecules into the body (skin, mucosa, tears, mucus)

	Distinguish self from non-self molecules inside the body

	Identify pathogens or other substances that may be harmful to the body

	Mount an appropriate, proportional immune response to these pathogens and substances as needed while limiting host tissue damage



Cells of the immune system (including macrophages, monocytes, B lymphocytes, and dendritic cells) and epithelial cells have pattern recognition receptors (PRRs) on their surface. Toll-like receptors (TLRs) and NOD-like receptors (NLRs) are two examples of these PRRs. These receptors recognize unique proteins on the surface of pathogens called pathogen-associated molecular patterns (PAMPs). Activation of the PRRs initiates the innate and adaptive immune responses.

The innate immune response includes inflammatory signaling molecules (cytokines), which are part of the inflammatory response. Although we tend to think of inflammation as a bad thing, the inflammatory response signals other parts of the immune system to come and respond to infections or toxins. Complement fixation, natural killer (NK) cells, and phagocytes are also part of the innate immune response.

The adaptive immune response relies mainly on different populations of T-cells and B-cells. This response takes longer to mount. There are various types of T-cells and each has a different job, including T regulatory cells, which monitor and regulate the immune response and T helper cells. B-cells mainly produce antibodies. The type of immune response that occurs depends upon the type or class of antibody. The main classes of antibodies in humans that we can measure and are concerned with are IgG, IgM, IgE, and IgA. Proper amounts of each are required for a normal immune response. Over 50% of children with PANS and PANDAS have immunoglobulin deficiencies, such as IgA deficiency, IgM deficiency, and IgG total and subclass deficiencies.1 These deficiencies are a testament to the immune dysregulation we see in PANS and PANDAS.

An immunodeficiency occurs when any component of the immune response (innate or adaptive) is missing or dysfunctional. Autoimmunity occurs when the immune response is directed against the person’s own bodily tissues and tissue damage occurs.


Why autoimmunity occurs

We have known for many years that autoimmune diseases have a genetic component. But before the autoimmune process begins, there is always a triggering event. The most well-studied triggering event shown to initiate autoimmunity is the concept of molecular mimicry. Molecular mimicry occurs when portions of the cell membranes of organisms (like PAMPs) resemble human tissues. When the immune system launches a defense against the invading organism, it mistakenly attacks the body’s own tissues and causes damage.

The concept of molecular mimicry as a trigger of autoimmunity has been confirmed in the medical literature, including the rheumatology literature, for many years.2–5 In fact, one publication that suggested a link between infection and autoimmunity was published in 1964.6

The health or impairment of the beneficial microorganisms of the gut microbiome also contributes to the onset of autoimmunity.7,8 The vast majority of our patients have evidence of increased intestinal permeability on testing. Often called “leaky gut” in nonmedical circles, increased intestinal permeability is involved in several types of autoimmunity.9,10 In the past, the concept of increased intestinal permeability was debated, but now even large medical centers11 and peer-reviewed gastroenterology journals12 have recognized the condition and its link to autoimmunity. The literature validating the concept of increased intestinal permeability and its role in various diseases is presented in Chapter 7.

One well-known autoimmune condition directly linked to molecular mimicry is rheumatic fever. Rheumatic fever may occur weeks to months after a Strep infection and is defined by an autoimmune attack on the skin, heart, and brain. When the condition involves the brain, it can cause Sydenham chorea. Sydenham chorea is a movement disorder which results in tics involving the face, arms, and legs. It also causes an abnormal gait.



PANDAS ENTERS THE PICTURE

In the early 1990s, a group of researchers, led by Dr. Susan Swedo, at the National Institute of Mental Health (NIMH) began to collect data on children who developed neuropsychiatric disorders (OCD and tics) following infections. They found that, in some children, there was evidence that anti-neuronal antibodies developed, which attacked the brain by the process of molecular mimicry. In 1994, they published a commentary13 in the journal Pediatrics, which discussed their findings and the link between group A Strep infections and the production of these antibodies. This commentary was based upon earlier work published in several professional medical journals.14–16 The connection between anti-neuronal antibodies and Sydenham chorea was actually known as far back as 1976.17

In 1997, Dr. Swedo and her colleagues published the first article to describe the syndrome they named PANDAS.18

They described the criteria required to meet the definition of PANDAS as follows:


	onset of OCD or tic disorder

	onset age three to puberty

	episodic course of symptoms (reoccurring)

	evidence of previous Strep infection just before onset of symptoms

	neurologic criteria (hyperactivity and tics)



In 1998, an article19 was published that described the first fifty patients studied who met this new criteria set. These fifty patients had 144 PANDAS episodes, which came and went during the study period. The authors also noted that these patients demonstrated emotional lability (rapidly changing moods), separation anxiety, nighttime fears or rituals, memory/school performance issues, and oppositional (defiant) behaviors.

Since there was an association with Strep bacteria, the initial treatment approaches focused on antibiotic therapy. One study20 demonstrated that immediate resolution was seen with antibiotic therapy in children meeting the PANDAS criteria. In this study, OCD symptoms recurred in half the children when they were reinfected with Strep.

Many autoimmune conditions which result from molecular mimicry are treated with IVIG. Although we are not sure exactly how IVIG helps in autoimmune conditions, it is thought to possibly “reset” the immune system. Since PANDAS was also shown to be an autoimmune condition resulting from molecular mimicry, several trials of IVIG were undertaken. In 1999, a study in the Lancet demonstrated that IVIG and therapeutic plasma exchange (plasmapheresis) are effective in PANDAS.21 Additional studies since that time have confirmed that IVIG is beneficial in PANS and PANDAS. These follow-up studies are presented in Chapter 13.

In 2000, an NIMH study compared MRI studies of the brains of thirty-four children with PANDAS and eighty-two healthy children with no prior history of PANDAS. The comparison showed that the caudate, the putamen, and the globus pallidus were significantly larger in children with PANDAS than in the normal group.22 Enlargements in these regions are also seen in patients with Sydenham chorea.

A small but fascinating study23 was done with children getting IVIG for PANDAS. Serum antibodies from children with PANDAS and a control group of healthy children were injected into mice. Next, sections of the brain from these mice were examined to look for binding to specific cholinergic striatal interneurons. These neurons have been implicated in tic disorders. PANDAS serum antibodies showed 80% binding to these neurons while the serum antibodies from healthy children showed less than 50% binding. After IVIG was administered to the PANDAS group, serum antibodies were collected again and injected into the mice. Examination then showed that the increased binding had resolved. This study further supported the legitimacy of PANDAS as a diagnosis and of IVIG as a treatment option. An example of IVIG orders, helpful tips for getting IVIG approved, and a sample appeal letter for IVIG can be found in Appendix E.


The controversy begins

In the mid 2000s, as the literature evidence for PANDAS began to grow, controversy erupted. Many in the medical community expressed doubts that PANDAS was a real clinical entity. This occurred for several reasons.

First, it was a diagnosis established by clinical criteria alone. There was no blood test or radiology study that “proved PANDAS.” This was a surprising objection since every established psychiatric disorder is currently diagnosed solely on clinical grounds.

Second, and maybe most importantly, PANDAS requires us all to look at mental illness in an entirely new way. As we look
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