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ABSTRACT 

Background: Reports have been surfacing surrounding CNS-associated symptoms in individuals 

affected by coronavirus disease 19 (COVID-19). Tourette syndrome is a neuropsychiatric 

disorder with usual onset in childhood. Gut microbiota can affect central physiology and function 

via the microbiota-gut-brain axis. The authors of this case report describe Tourette‟s-like 

symptoms in a patient resulting from severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection disrupting gut microbiota.  

Case Presentation: This case involves a 16-year-old female that developed acute onset 

Tourette‟s-like symptoms along with neuropsychiatric symptoms after exposure to and infection 

from SARS-CoV-2. The patient had negative nasopharyngeal (NP) real-time reverse 

transcription-PCR (RT-PCR) tests for SARS-CoV-2 on five occasions from August of 2020 

through June of 2021. The patient‟s symptoms continued to worsen over the next six months 

until next-generation sequencing (NGS) revealed SARS-CoV-2 in her stool. Her treatment was 

adjusted as NGS revealed SARS-CoV-2 in her stool. Repair of the gastrointestinal microbiota, 

treatment with nutraceutical and pharmaceutical agents, as well as alterations in her surroundings 

resulted in dramatic improvement in the microbiome and a significant reduction of symptoms. 

Discussion: The use of (RT-PCR) testing to determine the presence or absence of SARS-CoV-

2 may be inadequate and inaccurate for individuals that have been exposed to the virus. In 

addition, the impact of SARS-CoV-2 infection of the GI tract may cause significant havoc in 

the gut microbiota. Additional testing, eradication of infectious agents, as well as restoration of 

the gut microbiome are needed to effectively manage and treat this condition. The patient‟s 
symptoms worsened over the next six months until next-generation sequencing (NGS) revealed 



SARS-CoV-2 in her stool and her treatment was adjusted. Treatment with nutraceuticals and 

alterations in her surroundings was followed by a more normal microbiome and a dramatic 

reduction in symptoms. 

 

INTRODUCTION 

Coronavirus disease 2019 (COVID-19) is a global pandemic resulting from the novel severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Coronaviruses (CoVs) are a family of 

enveloped viruses with a single-strand, positive-sense RNA genome approximately 26–32 

kilobases in size, which is the largest known genome for an RNA virus.
1
 In humans, coronavirus 

infections primarily involve the upper respiratory tract and/or the gastrointestinal tract, and 

symptoms vary from mild, self-limiting disease (e.g., the common cold  diarrhea, nausea, and 

vomiting) to more severe manifestations (e.g., bronchitis and pneumonia with renal 

involvement).
2
 Since angiotensin converting enzyme 2 (ACE2) is found in the absorptive 

enterocytes of the ileum and colon, and ACE2 is also the cellular entry receptor of SARS-CoV-2, 

the digestive system could be invaded by SARS-CoV-2 and might serve as a route of infection.
3
 

Polymerase chain reaction (PCR) testing is performed to detect genetic material and/or fragments 

of genetic material from a specific organism (e.g., virus). Real time polymerase chain reaction 

(RT-PCR) from nasopharyngeal swabs has been adopted as the “gold standard” test and remains 

the most common method used to identify SARS-CoV-2, the virus that causes COVID-19.
4
 

Although the test was designed to diagnose actively infected individuals, testing results may 

remain positive after an individual is no longer infected, and individuals may test negative when 

the virus is present in areas other than the respiratory tract (e.g., digestive system). Acquired 

mutations of the virus may contribute to the evasion of detection from specifically targeted PCR 

primers, and samples collected soon after infection, or after symptoms have resolved, have 

resulted in high false negative rates.
5
 PCR testing solely from nasopharyngeal swabs may not be 

the most reliable and accurate test to determine the presence or absence of SARS-CoV-2. 

Of interest, patients have tested positive for SARS-CoV-2 via next-generation sequencing (NGS) 

from stool as long as 40 days after positive nasopharyngeal RT-PCR test,
6
 and some case studies 

indicate that the virus can proliferate in the digestive tract even though RT-PCR test results are 

negative for SARS-CoV-2.
7
 This information suggests that the virus may linger in the 

gastrointestinal (GI) tract and warrants further investigation to determine whether it is viable 

and/or transmissible via the fecal-oral route, and if so, for how long is the virus contagious.  

The blood-brain barrier (BBB) controls the passage of molecules and nutrients into and out of 

the brain and ensures homeostasis of the central nervous system (CNS).
8
 An intact BBB is 

crucial for appropriate development and function of the brain. Even with an intact BBB, 

inflammatory factors may exert indirect effects upon brain function. Evidence suggests that BBB 

permeability could be either enhanced or weakened by gut microbiota composition.
9
  

Feedback from the gut exerts profound effects on mood, motivated behavior, and higher 

cognitive functions. Bidirectional gut-brain communication ensures proper maintenance and 



coordination of GI functions to support behavior and physiological processes. Preclinical mouse 

models suggest that changes in gut bacteria may alter neurotransmitter levels in either direction. 

Animal studies of amphetamine-induced tics demonstrate that oral administration of 

Lactobacillus plantarum, a beneficial bacteria with anti-inflammatory psychobiotic properties, 

can enhance brain levels of dopamine and norepinephrine and largely ameliorate the [murine] 

tics.
10

  Similar to fluoxetine, pretreatment with Lactobacillus rhamnosus blocks the induction of 

RU 24969-induced OCD-like behavior.
11

 Finally, two strains of Bifidobacteria appear to reduce 

anxiety and depression more than the antidepressant escitalopram in innately anxious BALB/c 

mice.
12

  

Mounting evidence indicates that the gut microbiota populations may also underpin some 

neurobehavioral disorders in humans.
13

 Dysbiosis may play a role in altered cognitive functions 

observed in patients with gastrointestinal diseases,
14

 
15

 and some researchers have proposed that 

a “leaky gut” in humans leads to stress-related psychiatric disorders including anxiety, 

depression, impaired social function, and cognitive dysfunction.
10

 Considering this evidence, the 

gut-brain axis (GBA) has been broadened to the gut-microbiome (microbiota)-brain axis 

(GMBA).  

Coronaviruses might feasibly be involved in several ways. It has been shown that coronaviruses 

have neuroinvasive properties, and infected peripheral myeloid can subsequently be recruited or 

transmigrate to the CNS under conditions (e.g., inflammation, stress) which increase BBB 

permeability.
16

 In addition, coronaviruses cause dysbiosis, and PANDAS (Pediatric Autoimmune 

Neuropsychiatric Disorders Associated with Streptococcal Infections)/PANS (Pediatric Acute-

onset Neuropsychiatric Syndrome) patients have been shown to have dysbiosis that could 

interfere with dopamine and norepinephrine production.
17

  

Since the onset of the SARS-CoV-2 pandemic, multiple geographically disparate groups caring 

for patients with Tourette‟s and other tic disorders have noted an increase in these disorders as 

well as increased illness severity in patients with extant cases. One Canadian specialty group 

described more than a 15-fold increase in adolescents presenting to their clinic with tic 

disorders.
18

 This report describes the sudden onset of Tourette‟s-like illness in a 16-year-old 

female with a SARS-CoV-2 infection undetected through repeated PCR testing.  

 

CASE PRESENTATION 

Here we report a case involving a healthy 16-year-old female with no previous developmental,  

psychiatric, or medical concerns who presented with the abrupt onset of Tourette‟s-like 

symptoms and neuropsychiatric episodes after being infected with SARS-CoV-2 undetected by 

repeated conventional nasopharyngeal PCR testing.   

Relevant Family History: 

In late March 2020, the patient‟s mother developed symptoms including shortness of breath, 

chest pressure, elevated heart rate, increased respiratory rate, diarrhea, and night sweats. 

Although the patient‟s mother had symptoms for 2.5 weeks, the first PCR test was negative for 



SARS-CoV-2. Eventually her mother tested positive for SARS-CoV-2 on 9 April 2020 and was 

diagnosed with COVID-19 on 12 April 2020. During this time no one else in the household had 

COVID-19 symptoms. 

Several months later, the patient‟s siblings reported intermittent mild chest pain, shortness of 

breath, and headaches.  However, neither the patient nor the siblings were tested for SARS-CoV-

2 at the time (Fig. 1).  

  



Figure 1. Timeline of symptoms and treatment for 16-year-old with Tourette‟s-like illness. 

 

 



Patient Timeline: 

On 19 August 2020, the patient began complaining of a twitch on the side of her neck. Within 30 

minutes, the motor tics increased in frequency and intensity and progressed to full body 

movements including repetitively and aggressively punching her head and abdomen. The patient 

also developed acute tachycardia (heart rate > 140) and was rushed to the local emergency room 

(ER) where she was admitted to the hospital. While at the hospital, she began to have vocal tics 

and was monitored for seizures. The physicians ruled out physical/mental abuse, and after an 

unremarkable one-hour electroencephalogram (EEG), the physicians also ruled out seizures. 

Although the mother suggested magnetic resonance imaging (MRI) testing of the brain, the 

physicians at the hospital determined that further testing was unwarranted. In view of the 

dramatic nature of the movements and vocalizations, aside from a tic disorder, the possibility of 

a conversion disorder was also entertained. 

A video of the patient can be seen here: 

https://www.dropbox.com/s/z4l4atrro5iz3gm/Video%20with%20text%201.mov?dl=0 

On 21 August 2020, the patient‟s symptoms continued to worsen. She was seen at a local 

integrative medicine facility in Atlanta, GA. Bloodwork was ordered, and she was prescribed 

azithromycin 500 mg for three days as well as a variety of nutraceuticals including vitamin C 

(1000 mg/day), vitamin D (5000 IU/day), curcumin (500 mg BID), zinc (15-20 mg/day), omega-

3-fatty acids (2000 g/day), probiotic (2 capsules/day), and OptiMag Neuro™ (5 g/day).  

Between 22 August 2020 to 24 August 2020, the patient displayed mild improvement in 

hyperkinetic movements, and azithromycin was extended for another seven days. 

On 25 August 2020, lab results showed positive IgG and IgM antibodies for Mycoplasma 

pneumonia. A preliminary diagnosis of PANDAS/PANS was made. The patient was instructed 

to remain on azithromycin for the full 10-day course, and to add prednisone (70 mg/day) for five 

days. The nutraceutical protocol remained the same. 

Our first contact with the patient was on 27 August 2020 via telehealth at Ventura Clinical 

Trials/Malibu Specialty Center. After reviewing the patient‟s history, tests were ordered to 

examine the patient‟s gut microbiome. A SARS-CoV-2 fecal PCR test was also ordered.  

On 28 August 2020, the patient had a negative RT-PCR nasopharyngeal test. Throughout 

September 2020, the patient remained stable with little improvement. Azithromycin x 3 weeks 

and two rounds of prednisone (70 mg first round, 100 mg second round) produced little to no 

change and were discontinued. Preliminary results of an MRI performed on 17 September 2020 

demonstrated no significant structural abnormalities that would explain/contribute to the 

hyperkinetic movements and phonic tics. Treatment additions included CBD oil (20-25 mg 

before bed), low-dose naltrexone (4.5 mg before bed), N-acetylcysteine, manuka honey, and 

casein-free/dairy-free yogurt. 

The first stool sample was collected 1 September 2020 into a Zymo Research Shield Fecal 

Collection Tube and shipped to the lab. DNA was then extracted and purified, then library 

prepped and sequenced on the NextSeq 550 to generate FASTQ files. These sequencing data 

were then analyzed using a bioinformatics pipeline for the microbiome composition and relative 



abundance, as well as alpha and beta diversity. The results were generated 18 October 2020 . On 

27 October 2020, the patient reported feeling some mild improvement but continued to have 

episodic exacerbations. Sequencing results were reviewed displaying no Bifidobacteria and 

limited microbiome diversity. Although reagents were not available to run testing for SARS-

CoV-2 at the time, the presence of SARS-CoV-2 was highly suspicious. Therefore the patient 

was placed on a three-day course of ivermectin (12 mg) to be taken on day 1, day 3, and day 7. It 

was later discovered in April 2021 that SARS-CoV-2 was present in the stool sample collected in 

September 2020. 

On 30 October 2020, the patient reported feeling much better; her tics were significantly 

reduced, and she had no adverse reactions to the ivermectin. She was instructed to follow 

through with day 7 of ivermectin. 

Transitional follow up visits from November 2020 to January 2021 were mostly unchanged. The 

tics continued and the patient had a difficult time focusing. A second RT-PCR nasopharyngeal 

test was negative for SARS-CoV-2 on 8 January 2021.  

In February 2021, the patient began having more extreme episodes of anxiety and OCD-like 

symptoms (e.g., pacing 6 steps in each direction, fear of dolls in her room, inability to leave the 

corner of her room because she was afraid the fan in her room would fall on her head), which she 

termed “neuro-psychotic episodes.” Hyperkinetic movements also continued. Updated 

bloodwork demonstrated elevated levels of Mycoplasma pneumonia, positive IgG antibodies for 

Coxsackievirus, positive IgM antibodies for Varicella-zoster, positive IgM antibodies for Human 

Herpes Virus (HHV) Type 6, positive IgG antibodies for HHV, low vitamin D level, as well as 

elevated levels for several allergens. Mycotoxin results were also positive for Ochratoxin A, 

Gliotoxin, and Citrinin, and stool samples showed low levels of Bifidobacteria.  

RT-PCR tests for SARS-CoV-2 from 1 February 2021 and 17 February 2021 were again 

negative for SARS-CoV-2. 

Because of the positive viral antibodies and the elevated levels of allergens and mycotoxins, at 

her follow up visit on 23 February 2021, it was recommended that the patient change her 

environment and high-dose intravenous vitamin C infusions were incorporated into the treatment 

plan. 

On 9 March 2021, following the vitamin C infusions, the patient reported improvement, 

specifically abatement of her “weird psychotic episodes.” In addition, she stated that she and her 
mother were moving out of their home. Since hyperkinetic movements continued, the patient 

underwent a repeat fecal sample by enrichment next-generation sequencing. The sample was 

collected on 14 March 2021, received on 31 March 2021, and results generated on 19 April 

2021. To generate these results, RNA was extracted and purified, then reverse transcribed, 

library prepped, enriched, and sequenced utilizing the Illumina NextSeq 550 System.  The 

resulting FASTQ files were then processed using bioinformatics software to identify the 

presence of SARS-CoV-2. Results were reviewed on 20 April 2021. Sequencing showed 

improvement in microbiome diversity and further stool testing was negative for SARS-CoV-2. 

(Fig. 2).  

 



 

 

Figure 2. Sequencing results before and after treatment. 

 

 



 

 

Follow up conversations between June 2021 to August 2021 revealed complete resolution of 

“neuro-psychotic episodes” and a significant reduction in Tourette‟s-like symptoms following 

the incorporation of intravenous vitamin C, NAC, as well as the change in environment.  

Repeat stool samples performed in November 2021 continued to show negative results for 

SARS-CoV-2, increased Actinobacteria (specifically genus Bifidobacteria), and overall 

increased microbiome diversity.  

DISCUSSION 

The sudden onset of Tourette‟s, obsessive compulsive disorder, and other neuropsychiatric 

disorders has been associated with infectious agents such as bacteria, viruses, mold, and 

parasites. The condition is diagnosed as PANDAS (Pediatric Autoimmune Neuropsychiatric 

Disorders Associated with Streptococcal Infections)/PANS (Pediatric Acute-onset 

Neuropsychiatric Syndrome).
19

 Many children with PANS are very ill, with extreme 

compulsions (licking shoes, barking), motor and phonic tics (whooping, wringing hands), and 

terrifying episodes of extreme anxiety or aggression.
20

 The individual PANS symptoms overlap 

with a variety of psychiatric disorders, such as OCD, Tourette's syndrome, ADHD, depression, 

and bipolar disorder. Alleviation of symptoms associated with PANDAS/PANS may occur with 

proper treatment of the infectious agent as well as restoration of the gut microbiota. 

Acne, eczema, and psoriasis have been shown to involve an interaction between the mind and the 

skin,
21

 and dysbiosis has also been shown to contribute to skin disorders.
22

 Evidence continues to 

demonstrate that the human microbiome plays a key role in human health and diseases. In this 

case, treatment of dysbiosis also resulted in the resolution of acne. 

This case presents several potential systemic effects of SARS-CoV-2 that may have been 

overlooked or dismissed as unrelated to COVID-19. Accumulating evidence suggest that this 

virus, like many related viruses, may also be an enteric virus that can spread via the fecal-oral 

route.
23

 It is possible that adolescents exposed to SARS-CoV-2 may develop prolonged occult 

enteric infections, and that these infections may go undetected by conventional nasopharyngeal 

PCR testing.  

It is known that enteric pathogens and the gut microbiome impact the brain in several ways, 

which may produce systemic and/or central nervous system inflammation. These include 

increasing intestinal permeability; cross-reactions with human antigens to stimulate 

dysfunctional responses of the adaptive immune system; altered neurotransmitter balance; 

production of metabolites from microbial enzymes that may produce neurotoxicity; and 

stimulation of host immune responses leading to diverse patterns of systemic cytokine 

activation.
24

 Antiviral immune responses induced by acute viral respiratory infections are 

associated with dysbiosis, which may subsequently alter immune function against secondary 

microbial infection or modify the dynamics of inter-microbial interactions, thereby enhancing the 

proliferation of potentially pathogenic species.
25

  



Viral infections predispose patients to secondary microbial infections and toxins, which often 

have a more severe clinical course. Concomitantly, beneficial bacteria (e.g., Bifidobacterium) are 

eliminated accompanied by an increase of the gut pathogen. The case that SARS-CoV-2 

infection precipitates changes in gut microbial composition, which could be involved in the 

pathogenesis of neuropsychiatric symptoms via the gut-brain axis has been shown to be 

mechanistically feasible.
26

 It has been reported that dysbiosis occurs during SARS-COV-2 

infection altering normal intestinal functions such as barrier function and nutrient absorption and 

affecting the optimal functioning of the immune system. Therapies such as probiotics might help 

decrease the inflammatory response of viral pathogenesis and respiratory symptoms by 

strengthening the host immune system, amelioration of the gut microbiome, and improvement of 

gut barrier function.
27

 A healthy gut microbiota is largely responsible for the overall health of the 

host. 

Studies have demonstrated that the oral administration of Bifidobacterium longum BB536 

significantly alleviated symptoms, reduced the loss of body weight, inhibited viral proliferation 

in the lungs, and improved cytokine production against viruses,
28

 and oral administration with 

Bifidobacterium breve YIT4064 increased anti-influenza virus IgG antibodies in serum and 

protected against infection.
29

 Data from our lab has revealed that decreased microbial diversity, 

decreased Bifidobateria, as well as depletion of Faecalibacterium increases susceptibility to viral 

infections and may lead to dysfunction of the gut-brain axis. It has been demonstrated that 

SARS-CoV-2 crosses the BBB,
30

 and any dysfunction of the BBB increases the risk of 

significant neurological symptoms.  

Since the beginning of the pandemic, there has been a significant rise in tic disorders and 

Tourette‟s-like symptoms with sudden onset of motor and verbal tics, especially in teenage 

girls.
31

 Considering this case, it would be prudent to perform stool assessments on all individuals 

with a recent onset of Tourette‟s-like symptoms for SARS-CoV-2 as well as potentially 

repairable dysbiosis. The impact of the microbiome on viral respiratory infections cannot be 

overstated. 

CONCLUSION 

This case demonstrates that SARS-CoV-2 has the potential to cause significant havoc in the 

enteric flora, which damages the intestinal barrier, disrupts communication along the GMBA and 

impairs immune function, leading to neuropsychiatric symptoms. Low Bifodobateria as well as 

decreased GI microbial diversity sets up the ability for viruses to increase infectiousness and 

potentially lead to more significant illness. The use of PCR testing to determine the presence or 

absence of SARS-CoV-2 may be inadequate and inaccurate for individuals that have either been 

exposed to or vaccinated against SARS-CoV-2. Further testing, including NGS, may be 

necessary to ensure the presence as well as the alleviation of SARS-CoV-2 from the body. In 

addition, it is essential to eliminate toxic organisms, reseed the GI tract, and optimize gut health 

for complete healing. Several potential therapeutic approaches exist to alter the microbiome 

including prebiotics, postbiotics, synbiotics, and fecal transplantation. Employing these therapies 

to modulate bacterial composition and enhance microbiota diversity is a pragmatic approach for 

enhanced protection against the acute morbidities associated with viral illnesses including 

COVID-19. 
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