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#millionsmissing

Millions of patients across the  

globe are suffering with myalgic  

encephalomyelitis (ME/CFS)

Currently there is no one  

disease-specific biomarker  

and severely ill patients are  

often wheelchair  

dependent, bedridden and  

unable to perform basic tasks  

of work or daily living.



• Unrelenting fatigue that does not improve with rest

• Post-exertional malaise (cannot recover for several days after exercise)

• Cognitive impairment

• Orthostatic intolerance

• Muscle pain

• Pain in the joints without swelling or redness

• Headaches of a new type, pattern, or severity

• Swollen or tender lymph nodes in the neck or armpit

• A sore throat that is frequent or recurring

• Chills and night sweats

• Visual disturbances

• Sensitivity to light and sound

• Nausea

• Allergies or sensitivities to foods, odors, chemicals, or medications

Myalgic Encephalomeylitis (ME) = swelling of the brain



ME/CFS may be a neuroinflammatory disease

Nakatomi et al. (2014) found  

increased microglial activation  

in the brainstem of ME/CFS  

patients relative to controls.



ME/CFS may be a neuroinflammatory disease

Choline and lactate are markers of rapid brain  

cell turnover and neuroinflammation. Levels of  

choline/lactate were elevated in the ME/  

CFS brain (left) but not in healthy brains (right).

There are also early signs of heat buildup  

(indicating neuroinflammation) in the ME/CFS  

brain. Five brain regions involved in regulating  

fatigue and flu-like symptoms were most  

impacted.



Our recent paper explains how persistent  

infection + microbiome + virome imbalance  

can contribute to ME/CFS



Why study persistent  

infection in ME/CFS?

When you study ME/CFS through the lens of  

persistent infection the disease is not a “mystery”



Why study persistent infection in ME/CFS?

The Outbreaks



ME/CFS is repeatedly tied to  

signs and symptoms of  

persistent infection

• Most ME/CFS patients present with symptoms after suffering  

from a severe bacterial or viral infection

• These infections often correlate with travel to a foreign country or exposure to  

pollutants or molds, suggesting that such pathogens take advantage of factors that  

compromise the host immune system

• At different points in history, ME/CFS has been called “Post-Polio Syndrome,” “Chronic  

Mononucleosis Syndrome” and “Post-Viral Syndrome” due to the fact that chronic symptoms are  

often noted after acute infection with Polio Virus, Epstein Barr Virus, enteroviruses, influenza or a range  

of other pathogens

• Severe flu-like symptoms (sore throat, swollen lymph nodes etc)

• The relapsing-remitting nature of ME/CFS symptoms

• Cytokine activation/immune cell activation in ME/CFS clarifies that the disease is associated with an

inflammatory response



In most cases the infecting organism can still be detected months + years after  

initial infection in certain tissues

Post-Zika  

Post-Measles  

Post-Ebola  

Post-Influenza  

Post-Dengue  

Post-Polio

Post Treatment Lyme disease (Borrelia)

Trend #1: There are growing number of “post”-infectious chronic

conditions



“After acute infections,  
enteroviruses can persist in  
patients resulting in  
manifestation of ME/CFS.  
Chronic enterovirus infection in  
an immunocompetent host may  
be an example of a stalemate  
between attenuated,  
intracellular viruses and an  
ineffective immune response”



Trend #2: A growing number of neuroinflammatory conditions

are now increasingly tied to persistent infection in the blood +

brain: Alzheimers, Parkinson’s, ALS



Amyloid beta also exhibited antimicrobial  

activity against a range of common  

microorganisms with a potency equivalent to,  

and in some cases greater than, cathelicidin  

(LL-37). These pathogens included

Salmonella. typhimurium, Candida albicans

Major breakthrough

Rudy Tanzi + Robert Moir at Harvard show that  

amyloid beta: Alzheimer’s “plaque” may be a  

potent antimicrobial peptide (an important part  

of the human immune response towards infectious  

agents in brain and other tissues)



*R Tanzi, R. Moir,  

Harvard University:  

amyloid beta  

plaques form to  

“fight off” microbes

in the brain

Amyloid traps and neutralizes pathogens in brain tissue



Takeaway
The presence of amyloid in a sample could indicate the presence of specific pathogens

This image shows amyloid beta “entrapping” a herpesvirus





Cognitive impairment in ME/CFS can be

extremely debilitating



One research team has identified  

amyloid deposits (“plaques”) in the  

ME/CFS brain



A Georgetown University team has  

already identified amyloid proteins in ME/  

CFS cerebrospinal fluid



Virchow-Robin perivascular spaces:

common in Alzheimer’s and ME/CFS (early data)

*unpublished  

data from  

VanElzakker  

et al.



Perivascular spaces + activated immune cells in the autism brain

“Either the T-cells are reacting normally to a pathogen such  

as a virus, or they are reacting abnormally to normal tissue –

the definition of an autoimmune disorder.”

- Matthew P. Anderson, MD, PhD (Beth Israel Deaconess  

Medical Center)

-



Trend #3: The human microbiome
There are vast microbial + viral ecosystems in the human body

These communities extend far beyond the gut and into nearly all tissue and blood

Microbiome body sites:

Skin

Oral (mouth)  

Gut

Lung

Nasal (nose)  

Ocular (eye)  

Bladder  

Vaginal/Penile  

Pancreas  

Liver

Circulatory (blood)  

Atherosclerotic plaque

Brain (central nervous system)



The human microbiome harbors many  

different kinds of interacting organisms

Bacteria

Viruses (DNA and RNA)

Fungi

Archea Virophage

Bacteriophage



Microbiome communities are not always “good” and can also drive disease



Vastly more organisms persist in blood than  

previously believed



“…these novel microbes have potential  

consequences for human health. They may prove  

to be the cause of acute or chronic diseases that,  

to date, have unknown etiology…”

-Stephen Quake, Stanford University



“Seek and ye shall find”

Extensive phyla (families) of bacteria persist in healthy human blood

The composition of these blood microbiome communities changed in patients with ALS, bipolar  

disorder and schizophrenia



Microbiome Response to Maximal Exercise

“Following maximal exercise challenge, there was an increase in relative abundance of 6 of  

the 9 major bacterial phyla/genera in ME/CFS patients from baseline to 72 hours post-

exercise compared to only 2 of the 9 phyla/genera in controls.”



Major paradigm  

shift:

The Harvard  

University Brain  

Microbiome Project



“We saw that bacteria like to be inside astrocyte  

cells around the blood-brain barrier. They also like to  

be in axons, which are projections between brain  

regions that conduct information.”

-Rosalinda Roberts, University of Alabama 

Birmingham



The human virome:

Vast communities of

viruses in the human

body

Viruses are the most abundant life form on  

the planet and in the human body

Bacteriophages (phages) are viruses that  

infect bacteria and modulate their activity

Trillions of phages persists in human tissue  

and blood

We have identified and  

characterized ~.001% of these  

viruses in the human body.



An e.coli bacteriophage (computer generated image)



Stanford University  

Research:

Phages interact with the  

human immune system

Phages directly interact with human cells +  

impact/modulate the human immune response

Provides examples of how phages can modulate  

innate immunity via phagocytosis and cytokine  

responses

Phages can impact adaptive immunity via effects  

on antibody production

Computational modeling predicts that phages  

may play important roles in shaping  

mammalian-bacterial interactions

Interaction of bacteriophages with  

human immune cells



“We’ve long known that you’ve got up to 10 quadrillion phages in your body, but we  

just figured whatever they were doing was strictly between them and your commensal  

bacteria. Now we know that phages can get inside your cells too, and make you sick”

- Paul Bollyky (Stanford University)



Nikos Kyrpides + David Paez-Espino at Berkeley’s Joint Genome Institute have  

transformed our ability to identify a broad range of known + novel environmental +  

human viruses thanks to their “Uncovering the Earth’s Virome Project”

The first paper published on the Project in 2016 increased the number of known 

viruses on Earth by 16-fold



2018: The IMG/VR

database triples in size



Meanwhile: A typical ME/CFS  

blood test at the doctor’s office:

Includes antibody testing 

for only 5-10 well-known

viruses, 2-3 bacterial species

Epstein Barr Virus  

Cytomegalovirus  

Herpes Virus 6

Parvovirus 19  

Coxsakie viruses

M. tuberculosis



Interacting bacteria, fungi and virus in the human gut (Image by

ME/CFS-associated pathogens can now be

studied as interacting members of these

microbiome ecosystems

Polymicrobial  

disease

ME/CFS-associated  

pathogens are  

members of complex  

microbiome  

communities



The microbiome community a pathogen enters plays a role in determining if it  

will survive/persist in its host

Image: Diego Spitaleri, SEM



Microbiome/virome dysbiosis

Entire communities of organisms in ME/CFS tissue + blood may act + signal together to drive symptoms  

(microbiome/virome dysbiosis)

• Almost every well-studied human inflammatory disease is now tied to microbiome/virome dysbiosis

• Microbiome dysbiosis also happens in microbial + viral communities outside the gut



Microbiome dysbiosis is often driven by dominant pathogens whose signaling and  

activity negatively influences the activity of other nearby organisms

Single criminal vs. a gang of criminals

- Induce biofilm formation
- Virulence factor expression

- Persist inside the cells of the immune system (intracellular)

How does dysbiosis happen?



Immunosuppression

A robust immune response is often  
capable of controlling pathogen  
virulence. However, if pathogens  
overcome the immune response,  
or the immune system is  
suppressed by medications,  
chemicals, or other  
environmental factors,  
dominant pathogens are more  
likely to alter their gene  
expression in a manner that  
promotes disease.

How does dysbiosis happen?



Pathobiont behavior:  

Most human “commensal”  

microbes can change their

gene expression (turn genes  

on/off) to act as pathogens  

under conditions of  

imbalance and/or  

immunosuppression

Example: S. aureus causes a range of illnesses, from skin infections to life-threatening diseases such as  
endocarditis and meningitis. However, ~30% of the healthy human population harbors S. aureus as a member  
of the normal nasal microbiome. S. aureus virulence in these communities is determined by a number of  
factors, including the signaling and competitive strategies employed by neighboring microbes.

How does dysbiosis happen?



Dysbiosis in driven by changes in organism/pathogen ACTIVITY

Oral microbiome example: different organisms act together to drive periodontitis (a  

complex oral polymicrobial disease)



P. gingivalis: the bacterial  

pathogen often comprises  

just .01% of periodontal  

biofilms, yet impairs innate  

immune activity so  

profoundly that it becomes a  

central player in biofilm  

growth and development

Community gene expression changes

included:

-pH changes (acidic environment)
- peptidoglycan biosynthesis

-potassium transport

-ciliary motility
-iron transport

-response to oxidative stress



The team concluded that periodontitis progression “is driven by the whole oral  

microbial community and not just a few select pathogens. In effect,under conditions  

of increasing inflammation and imbalance, the entire oral community  

appeared to act together as a pathogen.



Trend #2: A growing number of neuroinflammatory conditions are  

now increasingly tied to persistent infection in the blood + brain:  

Alzheimers, Parkinson’s, ALS



Our work “serves as a  
preliminary study showing  
a role of P. gingivalis  
LPS and gingipain protease  
in abnormal blood clotting  
observed in our Parkinson's  
samples”

P. gingivalis in Parkinson’s blood



1.A healthy person and a patient with ME/  

CFS could harbor the same pathogen and/  

or communities of pathogens…but the  

organisms may be ACTING differently in  

the ME/CFS patient

2.It is hard to fully understand the  

symptoms of a disease without factoring in  

how a dominant pathogen influences the  

activity of other organisms in its  

microbiome/virome community

Takeaways



Human organisms/pathogens create a broad range of  

proteins and metabolites



Dominant pathogens are almost always capable of persisting inside the  

nucleus of human cells where they:

1. Slow immune response

2.Create proteins/metabolites that Interfere with human transcription/  

translation/DNA repair processes and the epigenetic environment



Human signaling pathways are controlled by proteins + metabolites  

(ligands) binding into receptors

*Image Khan Academy



Molecular mimicry

Microbial proteins and metabolites are often identical or similar in structure to  
those created by their human hosts.

It follows that proteins/metabolites created by pathogens can dysregulate the  
activity of human receptors + signaling pathways



Viral, bacterial and fungal proteins + metabolites can directly alter the  

activity of human signaling pathways



Blood pressure, circulatory issues and autonomic function

Natural killer cell activity  

Lactate accumulation in blood/brain

Glutamate metabolism  

Pain signaling + neuropathy

Mast cell activation  

Mitochondrial activity

Viral/bacteria/fungal proteins + metabolites have also been  

shown to dysregulate human signaling pathways that  

control:



Pathogen/organism activity is characterized by a  

high level of functional redundancy



Pathogens that degrade collagen

Most pathogens associated with the respiratory, gastrointestinal, or urogenital tracts, as well as with the central  

nervous system or the skin, have the capacity to bind and degrade collagen(s) in order to adhere to and  

invade host tissues. The major pathogens discussed are:

Streptococcus  

Staphylococcus  

Pseudomonas,  

Salmonella,  

Yersinia,  

Treponema,  

Mycobacterium,  

Clostridium,  

Listeria,

Porphyromonas and Haemophilus;  

Candida,

Aspergillus,  

Pneumocystis,

Cryptococcus and Coccidioides; Acanthamoeba,  

Trypanosoma and Trichomonas;
retrovirus and papilloma virus.



ME/CFS research goal: better characterize the 

signaling pathways + tissues + cell types that  

redundant ME/CFS dominant pathogens can  

dysregulate



Area postrema lies between pons and  

medulla, and is a window in the blood-

brain barrier, allowing immune cells and 

molecules into the brain

The vagus nerve that control the  

“sickness behavior” response enters  

at the exits at the brainstem

Brainstem area postrema and the vagus nerve



ME/CFS is a  

spectrum disorder

C. Immune, gastro-intestinal and genitourinary Impairments

At least one symptom from three of the following five symptom categories

1. Flu-like symptoms may be recurrent or chronic and typically activate or worsen
with exertion. e.g. sore throat, sinusitis, cervical and/or axillary lymph nodes may enlarge

or be tender on palpitation

2. Susceptibility to viral infections with prolonged recovery periods

3. Gastro-intestinal tract: e.g. nausea, abdominal pain, bloating, irritable bowel  

syndrome
4. Genitourinary: e.g. urinary urgency or frequency, nocturia

5. Sensitivities to food, medications, odours or chemicals

Notes: Sore throat, tender lymph nodes, and flu-like symptoms obviously are not specific to  

ME but their activation in reaction to exertion is abnormal. The throat may feel sore, dry  

and scratchy. Faucial injection and crimson crescents may be seen in the tonsillar fossae,  

which are an indication of immune activation.
D. Energy production/transportation impairments: At least one symptom

1. Cardiovascular: e.g. inability to tolerate an upright position - orthostatic  

intolerance, neurally mediated hypotension, postural orthostatic tachycardia syndrome,  

palpitations with or without cardiac arrhythmias, light-headedness/dizziness
2. Respiratory: e.g. air hunger, laboured breathing, fatigue of chest wall muscles

3. Loss of thermostatic stability: e.g. subnormal body temperature, marked diurnal  

fluctuations; sweating episodes, recurrent feelings of feverishness with or without low  

grade fever, cold extremities
4. Intolerance of extremes of temperature

Notes: Orthostatic intolerance may be delayed by several minutes. Patients who have  

orthostatic intolerance may exhibit mottling of extremities, extreme pallor or Raynaud’s  

Phenomenon. In the chronic phase, moons of finger nails may recede.
Paediatric considerations

Symptoms may progress more slowly in children than in teenagers or adults. In addition to  

postexertional neuroimmune exhaustion, the most prominent symptoms tend to be  

neurological: headaches, cognitive impairments, and sleep disturbances.

1. Headaches: Severe or chronic headaches are often debilitating. Migraine may be  

accompanied by a rapid drop in temperature, shaking, vomiting, diarrhoea and severe  

weakness.

2. Neurocognitive impairments: Difficulty focusing eyes and reading are common.  

Children may become dyslexic, which may only be evident when fatigued. Slow  

processing of information makes it difficult to follow auditory instructions or take notes.  

All cognitive impairments worsen with physical or mental exertion. Young people will not



Every patient’s chronic inflammatory symptoms are unique

Even in HIV/AIDS, where an  
easily detected virus  
dysregulates immunity,  
disease symptoms reflect a  
mix of those driven by  
HIV, and those driven by  
“co-infectious” agents  
able to take advantage of the  
immunocompromised host.
No two patients with HIV/  
AIDS are expected to  
harbor the same mix of  
these additional persistent  
bacteria, fungi, and viruses.



Other environmental factors that can contribute to ME/CFS

-mold exposure

-chemical exposures

-injuries (especially CNS injuries)

-high levels of stress

-immunosuppressive drugs/supplements

-rare human genome variants



Successive infection as a model for ME/CFS disease development



Successive infection as a model for  

ME/CFS disease development

1. An acquired persistent pathogen, an inherited pathogen and/or  

environmental exposure dysregulates the host immune system. This  

makes it easier for microbes + viruses to subvert the immune response  

by acting as polymicrobial entities.

3. Pathobionts alter their gene expression to better promote community-

wide virulence. The proteins/metabolites created by these (intracellular)  

organisms begin to dysregulate human signaling pathways.  

Dysfunction driven by molecular mimicry increases. Certain  

pathogens may infect mitochondria, central nervous system tissue  

etc.

5. Intracellular pathogens slow the human immune response, causing  

the host to more easily acquire other infectious agents or become  

more sensitive to additional environmental exposures. This creates a  

snowball effect in which the microbiome + virome in various body cites  

become increasingly dysbiotic as the strength of the immune response  

weakens over time.



Successive infection: the importance of inherited organisms

Bacterial, viral and fungal communities are passed in families, especially down  

the maternal line

-Breast milk microbiome
-Organisms passed in the womb (placenta,  

amniotic fluid)

-Vaginal microbiome



Treatment is

already changing
in Alzheimer’s to  

include/develop  

antiviral +  

antimicrobial  

medications

Directions for treatment



Paper highlight: “For decades, it was accepted  

that the CNS is an “immune-privileged site”…  

This view ascribed the inflammation in chronic  

neurodegenerative disease to autoimmunity. As  

a consequence, attempts were made to treat  

such conditions with immunosuppressive  

drugs, all of which failed”

Directions for treatment



“In conclusion, the development of a therapy that boosts the immune system  

in a well-controlled way, and thereby restores and/or activates brain–immune  

communication, is an outcome of a general shift toward the perception of the CNS  

as a tissue that engages in a constant dialog with peripheral immunity. Such an  

approach is expected to provide novel treatment modalities in order to  

harness common immune repair mechanisms to combat

Alzheimer’s disease and perhaps other neurodegenerative diseases.”



Treatment: support the immune system to better target persistent  

pathogens/manage toxic exposures



The Organism Identification Pipeline: A collaboration between top global research teams to  

standardize the process of using novel, cutting-edge technologies and algorithms to search for viruses +  

bacteria + other organisms in the blood/cerebrospinal fluid of ME/CFS subjects.

Our Organism Identification Project:



David Paez-Espino, Joint  

Genome Institute Berkeley
Amy Proal, Autoimmunity  

Research Foundation

Robert Moir, Harvard  

University

Rudy Tanzi, Harvard University

Nikos Kyrpides (Joint Genome  

Institute Berkeley)
Kris Fobes, GeneSavvy

The Organism Identification Pipeline Team



Nikos + David at will use their  

“Uncovering the Earth’s Virome”  

technologies to characterize the  

microbiome + virome  

communities in ME/CFS blood

They will use their existing pipelines  

that identify general ss and ds  

RNA and DNA viruses + phages +  

specific viral groups. These include  

phages, mycoviruses, giant viruses,  

virophages and even retroviruses

The analysis will also identify known  

and novel bacteria + fungi and use  

algorithms to predict their relationship  

to phages. These relationships can  

then be used to infer organism  

activity and microbial ecosystem  

dynamics

Organism  

Identification  

Pipeline: Part 3



• Further establishes ME/CFS as a serious, biomedical condition

• Connects researchers all focused on developing actual treatment for patients

•Allows us to immediately apply the latest discoveries in Alzheimer’s, Parkinson’s etc to ME/CFS (and  

vice versa)

• Establishes a pipeline for further analyses at the lowest possible cost

• Can serve as a basis for the development of accurate microbiome/virome commercial testing

• Sets the stage for collaboration with yet other cutting-edge research teams (eg: George Tetz, HMI)\

• Could lead to increased funding from private groups like Facebook…or even the NIH

•Will allow samples from other ME/CFS body sites to be additionally analyzed for organisms…and/or  

samples from patients with related diagnoses such as EDS/fibromyalgia to be analyzed

The Organism Identification Pipeline:  
Further Benefits for ME/CFS



“It is unwise to dismiss the pathogenic  

capacities of any microbe in a patient  

with a mysterious disease. The so-called 

“autoimmune” conditions, in which no  

pathogen can be identified by routine  

testing are particularly suspect”

-Gerald Domingue, Professor 

Emeritus Tulane University



1.Look for rare human genome variants that predispose towards  

persistent infection and/or environmental exposure risk

2.Characterize the maternal/inherited microbiome for the  

presence of inherited pathogens/dysbiotic microbiome + virome  

communities

3. Document and test for acquired pathogens

4. Document and test for environmental exposures

5.Document and test for microbiome/virome dysbiosis invarious  

body sites

6.Factor in injuries, stress, pregnancies and other complications  

that can impact patient health

A personalized approach to ME/CFS  

diagnosis and treatment



Prevalence of fecal virus shedding

Dysbiosis in driven by changes in organism/pathogen ACTIVITY

- loss of bacterial toxonomic richness

- long-term reductions in microbial gene richness



“We discovered that during colitis the intestinal phage population is altered and  

transitions from an ordered state to a stochastic dysbiosis….Our findings  

indicate that intestinal phage communities are altered during inflammatory disease,  

establishing a platform for investigating phage involvement in irritable bowel disorder.”



Researchers at Cornell University found that ME/CFS patients had significantly higher levels of  

LPS in their blood than healthy individuals

LPS are large toxic molecules found in the membranes of bacteria

Bacterial byproducts in ME/CFS blood



The human holobiont

The team found that tryptophan created by the gut  
microbiome interacted with the AHR receptor on  
microglia/astrocytes. Subsequent changes in gene  
expression regulated communication between  
the two cell types.



Harvard University pilot data indicates  

dyregulated blood perfusion between the  

ME/CFS brain/body







Pathogen/organism activity is characterized by  

a high level of functional redundancy

The VDR Nuclear Receptor

- Regulates expression of thousands  

of human genes, many of which  

regulate inflammatory and cancerous  

processes

- Controls multiple families of  

important antimicrobial peptides 

including cathelicidin (LL-37)

- Controls signaling of TLR2 + TLR4  

(proteins that recognize foreign  

substances + pathogens and alert  

other parts of the immune response)



Pathogens that dysregulate/slow VDR activity:

- Epstein Barr Virus
- HIV
- Mycobacterium tuberculosis
- Cytomegalovirus
- Borrelia burgdorferi
- Mycobacterium leprae
- Aspergillus fumigatus

- Chlamydia trachomatis

- Because disabling the innate immune  

system via the VDR pathway is such a  
logical survival mechanism, other  
uncharacterized bacteria, viruses  
or fungi may have also evolved to  
dysregulate receptor activity.



Taxonomic composition based on relative  

abundance plotted for each tumor (0%–100%).







Pathobiont behavior could be compared to children misbehaving when the teacher leaves  

the classroom



Upcoming Webinars: Advances in ME/CFS 
Research and Clinical Series

Estimating Prevalence, Demographics, and Costs of ME/CFS Using 
Large Scale Medical Claims Data and Machine Learning. Presented by 
Charmian Proskauer

Thursday, December 12, 2019 at 10am PT // 1pm ET

http://www.meadvocacyweek.com/


The Solve M.E. $750,000 
Double-Your-Impact Challenge

www.SolveME.org/donate

Follow us on twitter

@PlzSolveCFS

Subscribe to youtube

SolveCFS

Like us on Facebook

SolveMECFSInitiative

We’ve secured $750,000 in gifts from generous donors
who wish to remain anonymous.

Your gift today will unlock an additional $750,000, making a real difference in the 
lives of people with ME/CFS. Act now and your gift will be doubled!

Your donation of any amount by December 31st will generate at least $1.5 million 
in funding to fight this terrible disease.

Follow us on Instagram

@solve_CFS

http://www.solveme.org/donate

