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The SARS-CoV-2 Spike protein S1 segment infects 
monocytes that then act as a viral reservoir

E

Source: https://www.biorxiv.org/content/10.1101/2021.06.25.449905v1

From the seminal Bruce Patterson article
June 2021:
The S1 segment of the spike protein is 
recoverable from human monocytes in 
PASC patients up to 15 months after their 
acute infection, compared to controls, 
and it appears that these monocytes are 
able to act as a viral reservoir: 

“The significance of these cells as a 
viral protein reservoir in PASC is 
supported by our data reporting the 
presence of S1 protein within 
nonclassical monocytes.”

https://www.msd-animal-health.ie/species/dogs/ticks/
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“Epstein-Barr virus (EBV) reactivation resulting from 
the inflammatory response to coronavirus infection may 
be the cause of previously unexplained long COVID”

Source:  https://thebiomedicalscientist.net/news/long-covid-linked-epstein-barr-virus, https://www.mdpi.com/2076-0817/10/6/763

Lead study author Jeffrey E Gold 
said: “We ran EBV antibody tests on 
recovered COVID-19 patients, 
comparing EBV reactivation rates of 
those with long COVID symptoms to 
those without long COVID 
symptoms. The majority of those 
with long COVID symptoms were 
positive for EBV reactivation, yet 
only 10% of controls indicated 
reactivation. 
… In a subset of 68 COVID-19 
patients randomly selected from 
those surveyed, 66.7% of long COVID 
subjects versus 10% of controls were 
positive for EBV reactivation based 
on positive EBV early antigen-diffuse 
IgG, or EBV viral capsid antigen IgM
titres.”

EBV

https://thebiomedicalscientist.net/news/long-covid-linked-epstein-barr-virus
https://www.mdpi.com/2076-0817/10/6/763
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It also works the other way round: EBV increases 
susceptibility to infection by SARS-CoV-2

E

Source: https://journals.asm.org/doi/pdf/10.1128/JVI.00192-21/

“Epstein-Barr virus, which infects 
and persists in 90% of adult humans, 
increases susceptibility of epithelial 
cells to infection by SARS-CoV-2. 
EBV, when it reactivates from 
latency or infects epithelial cells, 
increases expression of ACE2, the 
cellular receptor for SARS-CoV-2, 
enhancing infection by SARS-CoV-2. 
Inhibiting EBV replication with 
antivirals may therefore decrease 
susceptibility to SARS-CoV-2 
infection.

EBV

https://www.msd-animal-health.ie/species/dogs/ticks/
https://journals.asm.org/doi/pdf/10.1128/JVI.00192-21
https://www.msd-animal-health.ie/species/dogs/ticks/
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Long COVID symptoms correlate with EBV 
reactivation – statistically very significant

E

Source: https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC8233978/

“These findings suggest 
that many Long-COVID 
symptoms may not be a 
direct result of the SARS-
CoV-2 virus but may be 
the result of COVID-19 
inflammation-induced 
EBV reactivation.”

EBV

https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC8233978/
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COVID-19 can potentially cause reactivation of VZV

E

COVID-19 can potentially 
cause reactivation of VZV 
and subsequently have an 
additive effect in 
neurologic complications

Source: https://cp.neurology.org/content/neurclinpract/11/2/e219.full.pdf; https://www.rheumatologyadvisor.com/home/general-
rheumatology/herpes-zoster-reactivation-covid19-vaccination-autoimmune-inflammatory-rheumatic/

VZV

https://cp.neurology.org/content/neurclinpract/11/2/e219.full.pdf
https://www.rheumatologyadvisor.com/home/general-rheumatology/herpes-zoster-reactivation-covid19-vaccination-autoimmune-inflammatory-rheumatic/
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Cytomegalovirus and Covid-19

E

Source: Söderberg-Nauclér, C. Does reactivation of cytomegalovirus contribute to severe COVID-19 disease?. Immun Ageing 18, 12 (2021). 
https://doi.org/10.1186/s12979-021-00218-z

“CMV reactivation and virus 
induced immune dysfunction 
may be under-estimated as a 
driver of immuno-
pathogenesis in patients with 
severe COVID-19.”

“… diagnosing CMV in COVID-
19 patients could be well 
worth the effort.”

CMV
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Herpes Simplex Virus reactivation with COVID-19

“Conclusions: our study 
shows a high incidence of 
HSV-1 re-activation both 
virologically and clinically 
in patients with SARS-CoV-
2 severe pneumonia”

HSV-1

Source: https://www.msd-animal-health.ie/species/dogs/ticks/

https://www.msd-animal-health.ie/species/dogs/ticks/
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Association of HHV-6, too

E

Source: https://onlinelibrary.wiley.com/doi/10.1002/jmv.27392

“As a pilot study, we investigated the 
active infection of HHV-6 using 
nasopharyngeal samples from 
patients infected with SARS-CoV-2 
with moderate to critically ill 
hospitalized, we found an impressive 
frequency of 21.7% of HHV-6. A 
recent study performed in blood 
samples found 22% of HHV-6 
infection among COVID-19 patients in 
an intensive care unit.”

HHV-6

https://onlinelibrary.wiley.com/doi/10.1002/jmv.27392
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Coxsackie and myocarditis/pericarditis in 
coinfections with COVID-19

Source: 1. https://pubmed.ncbi.nlm.nih.gov/32928810/; 2. https://www.medicinenet.com/coxsackie_virus/article.htm; 
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC8503119/; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8330013/pdf/IETT_0_1952985.pdf

“Myocarditis is well known to be 
caused by viral infections such as 
Coxsackie virus group B, human herpes 
virus 6 and parvovirus B19.”1

“Both types of [Coxsackie]viruses (A and 
B) can cause meningitis, myocarditis, 
and pericarditis”2

… this is the first case 
presenting pericarditis 
caused by COVID 19 and 
Coxsackieviruses B (CV-B) 
coinfection.

https://pubmed.ncbi.nlm.nih.gov/32928810/
https://www.medicinenet.com/coxsackie_virus/article.htm
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC8503119/
https://www.medicinenet.com/myocarditis/article.htm
https://www.medicinenet.com/pericarditis/article.htm
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Possible association of Coxsackie with SARS-CoV-2 
in oral cavity lesions

Source: https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC7840611/

“Different viral agents, 
such as herpesviruses, 
human papillomavirus, 
and Coxsackie virus, are 
responsible for primary 
oral lesions, while other 
viruses, such as human 
immunodeficiency virus, 
affect the oral cavity due 
to immune system 
weakness. Interestingly, it 
has been reported that 
coronavirus disease 2019 
(COVID-19) patients can 
show cutaneous 
manifestations, including 
the oral cavity.” 

https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC7840611/
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Multiple viruses associated with oral lesions: 
SARS-CoV-2 may eventually need adding to the list

E

Source: https://pubmed.ncbi.nlm.nih.gov/33521007
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Coxsackie frequently found in ME – especially B1 

Source: http://virology-online.com/viruses/Enteroviruses5.htm

“L. … myalgic encephalomyelitis (ME) .. occurs as both sporadic and 
epidemic cases. It is a poorly characterized illness, the cardinal feature being 
excess fatiguability of the skeletal muscles. Other symptoms that may be 
present include muscle pain, headache, inability to concentrate, 
paraesthesiae, impairment of short term memory and poor visual 
accommodation. Focal neurological signs are rare. Evidence of 
myopericarditis may be present occasionally. There may be a history of a 
nonspecific viral illness and some lymphadenopathy may be present. Routine 
laboratory investigations are usually normal. Recovery usually takes place 
within a few weeks or months but the illness may persists in some patients 
with periods of remission and relapse.
The aetiology is uncertain but it is thought that there is a substantial 
functional component as well as a viral component in many cases. ME 
occasionally follows confirmed virus infections such as varicella/zoster, 
influenza A and IM. It may follow some bacterial infections such as 
toxoplasma gondii and leptospira. In the majority of cases though, the 
initiating infection cannot be diagnosed specifically. There is now 
substantial evidence for a persistent enterovirus infection, 
particularly coxsackie B viruses in many cases of ME. Patients with 
ME appears to have a higher prevalence of antibodies against 
coxsackie B viruses than matched controls. Furthermore, coxsackie 
B viruses may occasionally be isolated from the faeces as well as 
skeletal muscle biopsies in patients with ME.”

http://virology-online.com/viruses/Enteroviruses5.htm
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The tendency of SARS-CoV-2 to form multinucleate 
cells is shared by other viruses, too

E

A March 2021 article in iScience
entitled “Quantitative assays reveal 
cell fusion at minimal levels of SARS-
CoV-2 spike protein and fusion from 
without” highlights the fusogenic
activity of the S protein of the SARS-
CoV-2 virus: it is not just a passive 
anchor – it is biologically active, and 
can stick cells together.

Syncytium formation,  
https://viralzone.expasy.org/5957?outline=all_by_species

Source: https://www.sciencedirect.com/science/article/pii/S2589004221001383?via%3Dihub

https://viralzone.expasy.org/5957?outline=all_by_species
https://www.sciencedirect.com/science/article/pii/S2589004221001383?via%3Dihub
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Syncytia formation and herpes viruses

Can other viruses instigate these syncytia, too? They most definitely can: the 
phenomenon is well-known for example in many of the (DNA) herpes viruses.. With 
the human simplex virus (HSV),(1) these syncytia have been detected in the skin. There 
are also studies on their development in certain types of Epstein-Barr virus(2) and 
Varicella Zoster virus (3).. Large syncytia have been found after infection with 
Cytomegalovirus (“megalo” meaning large – – perhaps a clue), and with HHV-6, too: 
“These findings suggest that FFWO, which HHV-6A induced in a variety of cell lines, 
may play an important role in the pathogenesis of HHV-6A, not only in lymphocytes 
but also in various tissues”.(4) This would appear to be a characteristic shared 
particularly by the neurotropic α-herpesviruses.”5

Source: 1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5869023/; 2. https://pubmed.ncbi.nlm.nih.gov/6273915/; 
3. https://jvi.asm.org/content/78/6/2884; 4. https://jvi.asm.org/content/76/13/6750; 5 https://aonm.org/wp-content/uploads/2021/04/AONM-Newsletter-
April-2021.pdf

1

The “latent” result of EBV and CMV Elispots
also suggests the ability to form syncytia

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5869023/
https://pubmed.ncbi.nlm.nih.gov/6273915/
https://jvi.asm.org/content/78/6/2884
https://jvi.asm.org/content/76/13/6750
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High co-infection rate with COVID-19

E

Source: https://www.cidrap.umn.edu/news-perspective/2020/04/researchers-report-21-covid-19-co-infection-rate; 
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30494-8/fulltext

Some sites tested the 
specimens for COVID-19 as well 
as influenza A and B, respiratory 
syncytial virus (RSV), non–
COVID-19 coronaviruses, 
adenovirus, parainfluenza 1 
through 4, human 
metapneumovirus, 
rhinovirus/enterovirus,
Chlamydia pneumoniae,
and Mycoplasma pneumoniae

https://www.cidrap.umn.edu/news-perspective/2020/04/researchers-report-21-covid-19-co-infection-rate
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30494-8/fulltext
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Published on 13th January 2022 in “Science”: EBV

Source: https://news.harvard.edu/gazette/story/2022/01/epstein-barr-virus-may-be-leading-cause-of-multiple-sclerosis/

“The hypothesis that EBV causes MS has 
been investigated by our group and others 
for several years, but this is the first study 
providing compelling evidence of 
causality,” said Alberto Ascherio, 
professor of epidemiology and nutrition 
at Harvard Chan School and senior author 
of the study. “This is a big step because it 
suggests that most MS cases could be 
prevented by stopping EBV infection, and 
that targeting EBV could lead to the 
discovery of a cure for MS.”

https://news.harvard.edu/gazette/story/2022/01/epstein-barr-virus-may-be-leading-cause-of-multiple-sclerosis/
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The study found that the risk of developing MS 
increased 32-fold following EBV infection

Source: https://www.science.org/doi/10.1126/science.abj8222; https://www.eurekalert.org/news-releases/939665

“Using data from more than 

ten million United States 

military recruits monitored 

over a 20-year period, 955 of 

whom were diagnosed with 

MS during their service, Kjetil

Bjornevik et al. tested the 

hypothesis that MS is caused 

by EBV. They found that the 

risk of developing MS in 

individuals who were EBV-

negative increased by 32-fold 

following EBV infection. 

"These findings," say the 

authors, "cannot be explained 

by any known risk factor and 

suggest EBV as the leading 

cause of MS."

https://www.science.org/doi/10.1126/science.abj8222
https://www.eurekalert.org/news-releases/939665
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Associations known with Borrelia, Bartonella and Coxsackie 
…. first time the EBV connection has been so strong

Dr. Vincent Marshall’s exhaustive 
research from the 80’s showed 
spirochetes on the axons of 
nerves of MS patient autopsies in 
Europe.

Source: https://www.ncbi.nlm.nih.gov/pubmed/15617845; http://www.medical-hypotheses.com/article/0306-9877(88)90023-0/abstract

https://www.ncbi.nlm.nih.gov/pubmed/15617845
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Testing can be either via antibodies, EliSpots, or PCR 

The Humoral System: Antibody testing. 
Antibody testing, often called serology, tests the B cell response. This 
consists of IgG (Immunoglobulin G), IgM (Immunoglobulin M), and 
(wherever possible) IgA (Immunoglobulin A).

The Cellular System: T-Cell immunity.
A technique for testing the other arm of the immune system, i.e., cellular 
T-cell immunity, is called EliSpot (enzyme-linked immunospot assay). This 
is a lymphocyte transformation test using an Interferon Gamma Release 
Assay.

PCR testing is available for all viruses, but is not as highly recommended 
in most cases as the two techniques above
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T-Cell testing – EliSpot – is available for:

 Borrelia burgdorferi (3 subspecies: B.b. sensu stricto + B.b. 
garinii + B.b. afzelii)

 Borrelia myamotoi

 Bartonella

 Babesia

 Chlamydia pneumoniae and trachomatis

 Mycoplasma pneumoniae

 Ehrlichia/Anaplasma

 Yersinia enterocolitica

 Epstein Barr Virus (EBV): lytic and latent

 Cytomegalovirus (CMV): lytic and latent

 Herpes Simplex Virus 1 / 2

 Varicella Zoster Virus (VZV)

 HHV-6, HHV-7, HHV-8

Also:
Candida
Aspergillus niger
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Enzyme-linked immunosorbent spots (Elispots) are 
available for most viruses: T-cells/cellular response

Source: https://pubmed.ncbi.nlm.nih.gov/32928810/

Positive above 1:
2-3 is weak positive
Over 3 is positive

Very high lytic levels 
seen post COVID
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Highly sensitive antibody tests also available 
for all viruses (and other pathogens)

 E.g. EBV Immunoarray with 9 markers including viral capsid antigen 
(VCA), early antigen (EA), Epstein-Barr Nuclear Antigen (EBNA)

 Antibody tests including IgA (shows active infection along the mucosal 
membranes) for many of the viruses

Example: 
Varicella Zoster 
Virus (VZV)
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EBV immunoarray showing positive early antigen (EA) 
p54 IgG and IgM as well as +ve VCA IgG

Source: https://pubmed.ncbi.nlm.nih.gov/32928810/
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Examples of Enterovirus results
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Example of our tailored testing protocols: 
Multiple Sclerosis (compare with checklist findings)

1. Borrelia EliSpot, Tickplex Basic

2. Chlamydia pneumoniae EliSpot, and Chlamydia pneumonia 
IgG/IgA antibodies 

3. Mycoplasma pneumoniae Elispot, and IgG/IgA antibodies

4. Bartonella Elispot

5. Coxsackie Virus IgG/IgA antibodies

6. EBV EliSpot

7. CMV EliSpot

8. HHV6 EliSpot
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Electronic checklist helps decide which infections 
to test for; fills automatically

Ranked in order
of priority –
Enteroviruses 
and 
Herpesviruses 
draw for first 
place here
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Where to find the checklist:
www.aonm.org – ArminLabs tab
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Long COVID Day on March 25th: lots of 
therapeutic options; both in person and online

Earlybird extended to 03/03/22
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Links to more detailed Arminlabs virus presentations 
on the AONM website …

https://aonm.org/viruses-and-testing/

https://aonm.org/viruses-and-testing/
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… and webinars on testing for SARS-CoV-2/COVID-19

https://aonm.org/view-past-webinars/

https://aonm.org/covid-19/
Details on T-Cell testing and antibody testing for 
SARS-CoV-2/ COVID-19 can be found here:

https://aonm.org/view-past-webinars/
https://aonm.org/covid-19/


Source: David Berg Coagulation 202 Proteins and Coagulation Pathways, from The Role of Hypercoagulation and Biofilms in Chronic Illness Conference (2011)

Talk on infections and hypercoagulation (see Past 
webinars, Feb. 2020) also very relevant to SARS-CoV-2

+

Hypoxia:
1 micron
of fibrin
= O2
diffusion
time of 
5.3 mins
instead of
2 seconds
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