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The Origin of Immune Activation in Psychiatric 
Disorders

• Inflammation is a major component of schizophrenia and 

other serious psychiatric disorders

• The immune response of the periphery and central 

nervous system are somewhat interrelated

• Crucial Questions:

• What is the source of the inflammatory process?

• How can the inflammatory response be modulated to 

benefit patients?



Schizophrenia and Bipolar Disorder 

•Positive and Negative Symptoms

•Altered Mood

•Cognitive Impairment
Clinical Features

•Dopamine and other neurotransmitters

• Ion Channels

• Inflammatory Pathways
Brain Abnormalities

• Individual

•Family

•Society

Massive social and 
economic 

consequences

•Genetic

• Infectious Exposures

•Gene-Environmental InteractionsRisk factors



Henry Cockburn was born in 

London and raised in Canterbury, 

where he attended King’s School 

and won several awards for his 

artwork. In 2002, during his first 

year of studying are at Brighton 

University, he was diagnosed with 

schizophrenia. 





Schizophrenia-An adult disease?



Exposures
Symptoms

Neurodevelopmental Concept of Disease



Schizophrenia in the Human Population  
Aspects Not Consistent with Simple Genetics

▪ Environmental events during pregnancy and birth
▪ Seasonality (Increased rates during winter)

▪ Urban birth

▪ Maternal Fever/Infection

▪ Famine 

▪ Discordance among monozygotic twins

▪ Common occurrence of disorders in individuals without an 
affected first degree relative

▪ Evolutionary persistence of a trait associated with low 
rates of reproduction

▪ Extensive genetic studies have found many genomic 
regions of small effect but few genes of large effect



Complex Human Diseases 
Beyond Koch and Mendel

Mendel-Human traits are determined  
by individual 
 genes which  function independently of  
other genes and of environmental 
influences

Koch-Many human diseases are 
caused by specific microbes which 
exert their effect  independently of 
other microbes, environmental 
factors and genes



Human Brain Diseases 
Gene-Environmental Interactions

Hamer, Science, Oct 4 2002 p71



Infectious Agents and Animal Behavior  
Mechanisms that increase transmission

❑Toxoplasma gondii
❑Altered fear response

❑Malaria/Leishmania
❑Listlessness

❑Rabies Virus
❑Increased aggression

❑Herpesviruses/Retroviruses
❑Sexual transmission

Respiratory viruses
❑Coughing
❑Droplet transmission
❑? Altered cognition and behavior

Influenza 

RSV

Coronaviruses
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Coronaviruses

⬩ Widespread in the animal kingdom

⬩ Single-stranded RNA genome (positive sense) 

⬩ Large genome size allows for accessory proteins

⬩ Modulate host immune response

⬩ Adapt to different hosts and environmental conditions

⬩ Varying degrees of infectivity and pathogenicity

⬩ Capable of cross-species transmission and adaptation

⬩ Many non-SARS strains cause common cold symptoms

⬩ Capable of replicating in different tissues, including CNS
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Animal Groups and Intermediate Hosts for 

Coronaviruses which Infect Humans

From: Corman et al,  Advances in 
Virus Research, 2018

SARS-CoV-2?

Exotic food animals 

Bats

Rodents

Cats

Dogs

Isolated Humans



World Psychiatry Posted Oct 6, 

2020

1.5-2 fold increase of death from Covid-19 infection as compared to age-

matched populations. Increased  mortality rates in women and African 

Americans



From: Orsini et al. Neurological Sciences 2020 (review)

Covid-19 and Brain Disorders-Potential Mechanisms

Hypoxia

Immune Activation
Altered mood and 

behavior

53%

Lancet Neurology Oct 

2020



ACE2 Receptor Distribution in The Brain

Zubair et al, JAMA Neurol. doi:
10.1001/jamaneurol.2020.2065

Slide courtesy of Scott Letendere UCSD



Individuals with psychiatric disorders had increased rates of serious Covid-19 infections (and 

increased psychiatric symptoms.)

Individuals with Covid-19 infections had increased rates of newly recognized psychiatric disorders



Covid-19 and Psychiatric Disorders

⬩ Increased rates of infection and death in some individuals  with established disorders

⬩ Increased rate of newly recognized symptoms following infection
⬩ Psychosis
⬩ Mania
⬩ Depression/Anxiety
⬩ Cognitive Decline
⬩ Suicide Behaviors

⬩ Possible mechanisms
⬩ Viral infection of the brain
⬩ CNS immune activation
⬩ Stress
⬩ Social isolation

12002 publications as 

of May 13 ,2022
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The Experiences of Persons with Serious Mental Illness during the 
COVID Pandemic: Background  

▪ Presents an unprecedented source of stress 

▪ Might be particularly problematic in individuals with serious mental illness 

• Limited resources 

• Small social networks 

• Reliance on health care agencies whose services may be disrupted 

• Pre-existing anxiety may be exacerbated  

• Loneliness and depression may be increased by social isolation 

• Increased prevalence of risk factors such as smoking, obesity 

▪ Effects on outpatients with serious mental illness not well characterized
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Experiences during the COVID Pandemic: Methods

• Previous research participants in cohort studies 

• Adults with Schizophrenia, Bipolar Disorder, Major Depressive Disorder, Non-psychiatric 
comparison group 

• Contacted by phone, email, US mail 

• Individual interview (in period July 2020 – Jan 2021) by video or telephone focused on 

1. Infection with COVID-19  

2. Mental distress and suicidal thoughts 

3. The impact of the pandemic on day-to-day life and the degree of worry  

4. Current use of tobacco and alcohol and changes in their use  

5. Changes in access to medical care and recent missed medical visits and medications

Dickerson et al., Psychiatr Serv.  

2022 Feb 1;73(2):133-140.



COVID Survey Sample (N=195)

Diagnostic groups 

•Schizophrenia: n=50 

•Bipolar Disorder: n=51 

•Major Depressive Disorder: n=29 

•Non-psychiatric comparison group: n=65 

Mean age: 41.0 years (± 13.3), range 19-72 

Gender: 83 (43%) Male 

Race: 126 (65%) White, 46 (24%) Black, 23 (12%) Other 

Perceived infection with COVID-19: 17 (9%)
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Frequency of Mental Distress:  
Comparison between Psychiatric Groups and Non-psychiatric Group 

*   p<.05 
**  p<.01 
*** p<.001

Adjusted for age, gender, race



COVID-related Concerns:  
Comparison between Psychiatric Groups and Non-psychiatric Group

*   p<.05 
**  p<.01 
*** p<.001

Adjusted for age, sex, race



Participant Comments

“I feel really paranoid, I've never been closed in like this.”   

"I really enjoyed the day program. I want to go back. I miss going, I really like interacting with peers. I love 
being around people."  

“I am just with clients at the house; they're not going out as much; their anxiety is high which causes a lot of 
stress.“ 

"I'm always worried that my medications will run out."  

“I am pretty stressed out, always on my mind. I am constantly thinking, ‘What can I buy to protect myself?” 

“[I have been smoking more] because I'm home more. I try not to but it's hard because I don't have a hobby or 
something to do. I'm going to play video games." 

"I have a lot of social anxiety; I isolate myself on purpose. I liked that I wasn't expected to leave the apartment.“



Covid-19 Vaccine Utilization in Individuals With Psychiatric Disorders
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Response to the COVID Vaccine: Methods

• Sample: Previous research participants 

• Assessed in period December 12, 2020 – Feb 22, 2022; before and after vaccine doses 

• Vaccine information: Date(s) and type of COVID-19 vaccine  

• Previous COVID infection 

• Laboratory measures by chemiluminescent immunoassays from blood samples  

• IgG antibodies to 3 antigens on the SARS-2 virion surface (Spike, S1 RBD, S1 
NTD) and SARS-2 nucleoprotein 

• IgG antibodies to 4 non-SARS coronaviruses  

•  Circulating levels of 19 cytokines  

• Data analysis: Mixed effects models with relevant covariates



Receipt of First Dose of COVID-19 Vaccine  
by Diagnostic Group

Adjusted for age, 
 gender, race

p= .001

p= .005
p= .041



Receipt of Complete Doses of COVID-19 Vaccine  
by Diagnostic Group

Adjusted for age,  
gender, race

p= .013

p= <.001



p<.006; adjusted for 
age, gender, race, 
BMI, type of vaccine, 
and time

Levels of COVID-19 Antibodies to SARS-Cov-2  
Spike Protein Following Immunization







Mild Covid Infection is Associated with Alterations in Brain Volume 
and Cognitive Functioning in Previously Healthy Adults

•Nature 07 March 2022

Decreased Limbic 

Brain Volume
Decreased Performance on Cognitive Testing

https://www.nature.com/articles/s41586-022-04569-5#article-info


Psychiatric Effects of Covid Infections in Infants and Children



The Effect of Covid-19 on Neonates, 
Infants, and Children

⬩ Study Populations
⬩ Covid-19 Infected mothers and their neonates
⬩ Infants Age 1-2
⬩ Children 8-9

⬩ Long Term Evaluation of Neurodevelopment
⬩ Cognitive
⬩ Neurological
⬩ Behavioral (Autism)

⬩ Possible Mechanisms
⬩ Direct Infection
⬩ Multisystem immunopathy
⬩ Social Isolation
⬩ Interrupted Medical Care and Education







1918 H1N1 Influenza Pandemic

• Killed 650,000 people in the US and an estimated 50 million worldwide 

• Young adults between the ages of 20 and 40 were at greatest risk for  
mortality, possibly because… 

• Hemagglutinin had been adapting to humans in years leading up to 1918 

• Others had been previously exposed to a prior H1 influenza 

• Encephalitis lethargica: somnolence, oculogyric crisis, and behavior disorders

Reid et al, PNAS. 1999. doi: 10.1073/pnas.96.4.1651



“Russian Flu” 1889-1892 
⬩ First epidemic in Europe in 47 years

⬩ Followed containment of cholera, typhoid, and other life-threatening infections

⬩ Followed path of new railway system from Russia to England. Then to US.

⬩ Approximately 100,000 deaths in England More than 1,000,000 worldwide

⬩ Most mortality in the elderly

⬩ Initial denial  and slow response from governments 
⬩ Until illness affected political and religious leaders

⬩ Extensive coverage in news media with contradictory advice (Quinine)

⬩ Conspiracy theories (Electricity)

⬩ Psychiatric consequences
⬩ Mood disorders (“Neurasthenia”)

⬩ Psychosis
⬩ Suicide



“Russian Flu

Estimated time of OC43 origin ~1890



SARS-COV-2-Likely Future Scenarios

  Current SARS2 strains will become endemic

⬩ Pandemics with novel Coronavirus strains likely

⬩ Individuals with psychiatric disorders remain at increased risk

⬩ Infections will lead to an increased rate of psychiatric disorders in previously 
unaffected individuals

⬩ Critical needs 
⬩ Vaccines to keep up with Coronavirus mutations

⬩ Vaccine strategies directed at individuals with psychiatric disorders.

⬩ Increased mental health resources due to increased rates of psychiatric 
disorders 

⬩ Children

⬩ Young adults

⬩ Older individuals

1849-1919
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Extra Slides



Neuropsychiatric Complications of Covid-19

+Case series 153 Covid+ pts with neurological OR new and acute  
neuropsychiatric complications

39 altered mental status: 
• 7 encephalitis 
• 9 encephalopathy 
• 23 neuropsychiatric disorder 

• 10 psychosis 
• 6 neurocognitive 
• 7 other

Slide from Livia De 

Pickar, Antwerp 

Belgium

Varatharaj et al. Lancet Psy 2020


