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ME/CEFS is a disabling and often severe disease, so-far incurable, that has long been associated
with discrete outbreaks and sporadic incidents of viral-like illness. First, a word about the con-
troversial name. The designation “Myalgic Encephalomyelitis” (abbreviated ME) originated
following an outbreak at London’s Royal Free Hospital in 1955. More than 200 members of
the hospital staff became disabled [1]. Melvin Ramsay, MD, eventually published important
case descriptions in Lancet [2]. He coined “ME” based on predominant symptoms of muscle
pain (myalgia) and effects on the brain (encephalo), spinal cord (myel), and inflammation
(itis). For 32 years, “ME” was deemed acceptable until, in 1987, the Centers for Disease Control
(CDC) convened an extramural committee to change the name. CDC did so in response to a
series of outbreaks of a similar, if not identical, illness in the United States, introducing
“chronic fatigue syndrome” in 1988 [3].

Because the CDC name trivializes the serious nature of the disease, the patient community
and many medical professionals prefer ME, which continues to be widely used in the United
Kingdom and Europe. In 2015, a US Institute of Medicine (IOM) committee recommended
yet another name, Systemic Exertion Intolerance Disease [4], which has been largely ignored.
Should inflammation of the brain and spinal cord be definitively shown with modern methods,
the name Myalgic Encephalomyelitis will finally be vindicated. The compromise name ME/
CFS is now used most frequently and will be used here despite its faults.

Can any infection lead to ME/CFS?

There is actually no proof that multiple different pathogens can cause ME/CEFS. Yet, this
hypothesis persists largely due to the overinterpretation of data from at least 2 studies. The lim-
ited evidence depends on how ME/CFS is defined.

Currently, research groups and clinicians typically use any one of 3 definitions: the so-called
Fukuda criteria (CDC’s 1988 criteria) [3], the Canadian Consensus Criteria of 2003 [4], and
criteria suggested by the IOM committee [5]. Of these, the Fukuda criteria are considered
somewhat obsolete, as there is no requirement for core symptoms [6]. The 2015 IOM Commit-
tee required (1) impaired ability to engage in pre-illness activity levels that lasts for more than
6 months; (2) increased symptoms following physical, mental, or emotional exertion that
would have been tolerated pre-illness (post-exertional malaise); and (3) unrefreshing sleep.
For diagnosis, an individual must also exhibit either cognitive impairment and/or orthostatic
intolerance [5] (Fig 1).

A 2006 Australian study is oft cited as proof that virtually any number of infections cause
ME/CEFS. Researchers followed 253 people in Dubbo for 12 months. Of these, 171 had verified
acute Epstein-Barr virus infection, Q fever (caused by Coxiella burnetii), or Ross River virus
infections, while 82 were suspected of having one of these infections. Nine percent of the
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Fig 1. The 5 diagnostic criteria for ME/CFS recommended by the IOM committee. Artist credit: Jessica Maya.
https://doi.org/10.1371/journal.ppat.1011523.9001

participants exhibited what was termed “post-infective fatigue syndrome,” encompassing 6
symptoms, of which only 2 (fatigue and neurocognitive difficulties) are also found in the IOM
criteria. Whether all of these individuals have PEM or unrefreshing sleep was not reported.
Likely few of them would fulfill the more recent criteria.

A recent study of medical claims data in the US produced an ME/CEFS prevalence of 1.7 to
3.4 million [7]. Using this information as well as data from other studies, we estimated the pre-
2020 worldwide prevalence of ME/CFS to be around 67 million [8]. If, for the sake of argu-
ment, we assume that any of the Dubbo participants did have ME/CFS by all criteria, it would
be highly unlikely for Ross River virus, which is endemic in Australia and Papua New Guinea,
and Q fever, mainly a disease of people highly exposed to farm animals, to account for more
than a minute fraction of cases of ME/CES. In the US, usually fewer than 200 people a year are
reported with Q fever (https://www.cdc.gov/qfever/stats/index.html).

In another study, this one from Norway, investigators cited influenza as an instigator of
ME/CEFS. The researchers evaluated the risk of acquiring ME/CFS during a 2009 influenza A
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(HIN1) pandemic. They concluded that influenza infection was associated with a more than
2-fold increased risk of ME/CFS during the subsequent 3 years compared to people who
received a vaccination but did not become ill [9]. Some claim this study as proof that influenza
A can cause ME/CFS. However, investigators included people who were ill with a flu-like ill-
ness but failed to verify that the malady was actually influenza A. If someone received a medi-
cal record code for HINI1 infection during the height of the pandemic (October 1 to
December 31, 2009), it was assumed to be influenza A even if not confirmed. While 2.4% of
the population were given a diagnosis of HIN1 based on symptoms during that period, only
0.3% of the population had the identity of the virus actually certified in a laboratory [9]. A
more robust conclusion is that people who were vaccinated, but did not experience a flu-like
illness, had only half the risk of ME/CFS compared to individuals who had a flu-like infection,
vaccinated or not.

Why is the enterovirus family the most likely culprit in ME/CFS?

History offers persuasive evidence to suspect the enterovirus (EV) family of causing ME/CFS.
Both circumstantial and direct evidence exists to support such a conclusion [10,11]. For
one, early outbreaks of ME/CFS often coincided with outbreaks of polio, which is caused by 3

members of the enterovirus C family. Typically, ME/CFS victims lived or worked in close or
intimate proximity to polio patients in well-documented cluster outbreaks [12,13]. Given that
enteroviruses can be spread through contaminated water and food, a possible explanation for
the coincident outbreaks could be the simultaneous circulation of multiple enteroviruses
transmitted in the same ways, as well as possible recombination between enteroviruses to cre-
ate one with unusual properties.

Moreover, ME/CES case descriptions by health professionals of the era are consistent with
the features of known enteroviral infections. Nevertheless, anyone who reads these accounts
will be struck by some diversity between the symptom clusters and even their severity in differ-
ent outbreaks [1,12-15]. This variability is readily explained, however, if different members of
the large EV family, or different variants of members of the same EV clade, were responsible
for the outbreaks. Tremendous sequence diversity characterizes the Enterovirus genus, even
among members of the same clade [16].

Aside from associations of EVs with past ME/CFS outbreaks and sporadic cases, well docu-
mented by Dr. Byron Hyde [12,13], there is also more contemporary evidence that favors
enteroviruses [12,13]. Infectious disease specialist Dr. John Chia and colleagues have provided
compelling data on behalf of enteroviruses in the form of case histories and experimental data
demonstrating chronic viral infection.

For instance, 3 ME/CFS patients with definite acute EV infections confirmed by RNA anal-
ysis at onset were followed longitudinally. Stomach biopsies were positive for EV infection
years after onset [17]. When Chia and colleagues analyzed many more such biopsies for EV
VP1 and RNA, ME/CFS patients had a much higher proportion of positive signals compared
to controls [18]. Subsequently, Chia demonstrated that extracts of stomach biopsies from peo-
ple with ME/CES were able to infect immunodeficient mice [19]. Unfortunately, the complete
RNA genomes of EVs in these biopsies were not obtained. If such samples become available
today, they would be highly informative. In addition to stomach biopsies, other tissue samples
—for example, heart, brain, muscle—would be particularly valuable for screening for chronic
enteroviral infection, while blood samples are unlikely to be informative once a few weeks
have passed since the acute infection [11]. The absence of available cadaver samples from ME/
CEFS cases handicaps thorough investigations of tissues and organs for the presence of chronic
viral infection.
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A vast number of enteroviral infections occur worldwide every year [16], with reports that
as many as 50% are asymptomatic [20]. Approximately one-third of ME/CEFS patients cannot
trace their onset to a flu-like illness. Quite possibly, they could have had an asymptomatic case
or a mild one long before the onset of the characteristic ME/CFS symptoms. As a result, they
may fail to ascribe their illness to a virus. Instead, they may point to some other life stress—
physical or emotional. Stressful life events could play a role in exacerbating a viral infection
and stress is known to affect the immune system [21].

One reason EVs are often dismissed as causative factors may be explained by the high fre-
quency with which enteroviral infections are experienced throughout the world [22]. Serologi-
cal studies have not detected differential exposure to a virus in ME/CFS patients versus
controls. Most patients who are recruited for studies have been ill for many years and they as
well as controls will exhibit antibodies to multiple enteroviruses from past infections upon
serological testing, preventing discrimination among cohorts. The strongest hypothesis for the
cause of ME/CEFS outbreaks is spread of an uncommon variant of a common virus family. A
variant could also be responsible for sporadic cases. Conversely, the sporadic cases may reflect
an uncommon reaction to common viruses, perhaps due to genetic or other biological factors
such as coinfections and comorbidities.

A new localized outbreak would offer an ideal opportunity to pinpoint a pathogen that
could have caused pre-2020 ME/CEFS cases. With one exception, the CDC dismissed scores of
outbreaks reported to the agency in the 1980s. At the time, these reports were routinely deni-
grated as hysterical illness [15]. Even the less-sophisticated technology of the era might have
identified viral sequences [23] as well as serological evidence for the presence of circulating
enteroviruses. Certainly, few if any ME/CFES outbreaks have been reported during the 25 years
prior to 2020. Given our estimate of 67 million cases worldwide [8], it is reasonable to assume
many hundreds of thousands of cases or more have occurred during that time. It makes sense
that both more sporadic cases and outbreaks that are not due to coronaviruses will arise in the
future. Dismissing future outbreaks of ME/CEFS as psychological will be more difficult now
that post-acute SARS-CoV-2 illness has been recognized, widely publicized, and subjected to
extensive study [24,25].

What is the relationship between human herpesviruses (HHVs) and
ME/CFS?

A striking number of ME/CFS patients mention an acute infection with EBV or some other
human herpesvirus (HHV) as the start of their illness. Whether this is true or not is not
known. If someone has a long course of mononucleosis, an additional virus that may or may
not cause symptoms might be necessary for induction of ME/CFS. Consider an example: in
one study, 13% of adolescents with diagnosed cases of infectious mononucleosis fit ME/CFS
diagnostic criteria 6 months later. Twenty-four months after diagnosis, the percentage
decreased to 4% [25]. Three possibilities exist: (1) EBV or another HHV can directly, on its
own, cause ME/CFS; (2) an acute HHV infection makes an individual susceptible to ME/CFS
when a subsequent viral infection occurs; (3) even when an HHV has not induced ME/CFS, its
reactivation helps perpetuate the illness. The latter 2 mechanisms could even coexist. Also, the
third possibility may describe a subset of patients who improve following treatment with anti-
herpesviral drugs [26,27].

Infections with HHV's are common and lifelong. Healthy people maintain viruses such as
EBV in a latent state. But herpesviruses commonly reactivate under a variety of stressful condi-
tions or illnesses such as ME/CFS or acute SARS-CoV-2 [28,29]. Following the mid-1980s
ME/CEFS outbreak in Incline Village, NV, a detailed study documented active replication of the
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newly discovered HHV-6 in blood [30]. Because most people are infected early in life, new
HHYV infection would be inconsistent with the epidemiology of the outbreak. Reactivation of
dormant HHV:s as a result of onset of ME/CFS may have sometimes been mistaken for a new
infection, resulting in patients believing that an HHV induced their chronic illness.

Should the post-SARS-CoV-2 infection syndromes be called “ME/
CFS”?

The US government devised the name Post-Acute Sequalae of COVID-19 (PASC) to describe
a post-acute illness syndrome suffered by victims who endured this deadly virus. PASC
patients’ symptoms include observable damage to the heart, kidney, lungs or other organs,
lung damage from invasive mechanical ventilation, blood clots, rashes, tinnitus, disturbances
of taste and smell, as well as a plethora of other symptoms [25,31]. Most relevant to ME/CES is
the fact that some people who suffered mild or asymptomatic cases of COVID-19 later began
experiencing a post-viral illness that fulfills most or even all of the IOM criteria for ME/CFS
[32]. Increasingly, these people are then told by their doctors that they have ME/CEFS, but the
IOM diagnostic criteria were created 6 years before SARS-CoV-2 emerged. The IOM commit-
tee could not have possibly considered symptoms characteristic of PASC. Thus, while it would
be correct to say that someone has post-COVID illness with symptoms diagnostic of ME/CFS,
referring to a post-COVID syndrome as actual ME/CFS will confuse the scientific literature
and cloud clinical trials. Careful categorizations of the many forms of post-COVID illness are
only just beginning [33,34]. Recently, a study of 9,764 individuals experiencing symptoms fol-
lowing acute COVID-19 resulted in classification of the cases into 4 subgroups and the identi-
fication of 12 core symptoms among 44 that were considered [35]. Unfortunately, one of the
key ME/CEFS symptoms—unrefreshing sleep—was not evaluated. The 12 core symptoms
include ones that are not identified as core symptoms in any of the ME/CFS diagnostic criteria.
Nevertheless, the intriguing overlap in symptoms between some forms of post-COVID illness
and ME/CES suggests that disruptions in the same pathways may be occurring in both dis-
eases, but to conclude the 2 syndromes are identical without more data, especially at the
molecular level, is currently unwarranted.

Just one example: data is emerging to suggest some who are suffering long-term symptoms
may have a chronic SARS-CoV-2 infection [36,37]. But no one who acquired ME/CEFS before
2020 became ill as a result of SARS-CoV-2. Any SARS-specific antiviral treatments will not be
effective for ME/CES patients. Nevertheless, the fact that there are common symptoms means
that interventions to ameliorate those symptoms may be valuable in both illnesses [25]. Given
that the present estimate of 65 million long COVID sufferers worldwide [25] is nearly identical
to our estimate of ME/CEFS sufferers worldwide [8], the latter of whom have been ill for years
and even decades longer, suggests that both diseases, not only PASC, deserve major invest-
ments of money and time from the world’s research communities.

Conclusion

Ignoring the abundant evidence for EV involvement in ME/CFS has slowed research into the
possible dire but hidden consequences of EV infections, including persistence in virus reser-
voirs. Prior to the SARS-CoV-2 pandemic, the ability of RNA viruses to persist in tissues for
long periods was largely ignored. Further, recognizing that EVs are prime candidates for caus-
ing ME/CFS suggests how critical it is to pursue a relevant inquiry into this diverse virus fam-
ily. Do hidden reservoirs harbor these viruses? Have they induced autoimmunity through
molecular mimicry? Is it past or current infection that has resulted in the many findings of
immune dysfunction in ME/CFS?

PLOS Pathogens | https://doi.org/10.1371/journal.ppat.1011523  August 17,2023 5/7


https://doi.org/10.1371/journal.ppat.1011523

PLOS PATHOGENS

Acknowledgments

I regret not all relevant citations could be included due to space limitation. I thank Jessica
Maya (Cornell University) for providing a valuable illustration.

Author Contributions

Conceptualization: Maureen R. Hanson.

Formal analysis: Maureen R. Hanson.

Funding acquisition: Maureen R. Hanson.

Investigation: Maureen R. Hanson.

Writing - original draft: Maureen R. Hanson.

Writing - review & editing: Maureen R. Hanson.

References

1.

10.

11.

12

13.

14.

15.

16.

The Medical Staff Of The Royal Free Hospital. An outbreak of encephalomyelitis in the Royal Free Hos-
pital group, London, in 1955. British Med J. 1957; 2(5050):895-904.

Ramsay AM, Aberd MD, O’Sullivan E. Encephalomyelitis simulating poliomyelitis. Lancet. 1956; 267
(6926):761—4.

Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A. The chronic fatigue syndrome: a
comprehensive approach to its definition and study. International Chronic Fatigue Syndrome Study
Group. Ann Intern Med. 1994; 121(12):953-9. https://doi.org/10.7326/0003-4819-121-12-199412150-
00009 PMID: 7978722

Carruthers BM, Jain AK, De Meirleir KL, Peterson DL, Klimas NG, Lerner AM, et al. Myalgic encephalo-
myelitis/chronic fatigue syndrome: Clinical working case definition, diagnostic and treatment protocols.
J Chronic Fatigue Syndrome. 2003; 11:7-116.

Committee loM. Beyond myalgic encephalomyelitis/chronic fatigue syndrome: redefining an illness.
Washington, D.C.: National Academies Press; 2015.

Conroy KE, Islam MF, Jason LA. Evaluating case diagnostic criteria for myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS): toward an empirical case definition. Disabil Rehabil. 2023; 45
(5):840-7. https://doi.org/10.1080/09638288.2022.2043462 PMID: 35236205

Valdez AR, Hancock EE, Adebayo S, Kiernicki DJ, Proskauer D, Attewell JR, et al. Estimating preva-
lence, demographics, and costs of ME/CFS using large scale medical claims data and machine learn-
ing. Front Pediatr. 2018; 6:412. https://doi.org/10.3389/fped.2018.00412 PMID: 30671425

Hanson MR, Germain A. Letter to the Editor of Metabolites. Metabolites. 2020; 10(5).

Magnus P, Gunnes N, Tveito K, Bakken IJ, Ghaderi S, Stoltenberg C, et al. Chronic fatigue syndrome/
myalgic encephalomyelitis (CFS/ME) is associated with pandemic influenza infection, but not with an
adjuvanted pandemic influenza vaccine. Vaccine. 2015; 33(46):6173-7. https://doi.org/10.1016/j.
vaccine.2015.10.018 PMID: 26475444

Chia JK. The role of enterovirus in chronic fatigue syndrome. J Clin Pathol. 2005; 58(11):1126-32.
https://doi.org/10.1136/jcp.2004.020255 PMID: 16254097

O’Neal AJ, Hanson MR. The enterovirus theory of disease etiology in Myalgic Encephalomyelitis/
Chronic Fatigue Syndrome: a critical review. Front Med (Lausanne). 2021; 8:688486. https://doi.org/10.
3389/fmed.2021.688486 PMID: 34222292

Hyde B. Understanding Myalgic Encephalomyelitis. Ottawa Canada: Nightingale Press; 2020. p. 315.

Hyde BM, Goldstein J, Levine P, editors. The Clinical and Scientific Basis of Myalgic Encephalomyelitis/
Chronic Fatigue Syndrome. Ottawa, Canada: Nightingale Research Foundation; 1992.

Hyde B. M.E. and the Return of Polio to the USA. Third ed. Ottawa, Canad: Nightingale Press; 2022.
p. 226.

Johnson H. Osler’'s Web: Inside the Labyrinth of the Chronic Fatigue Syndrome Epidemic. New York,
NY: Crown Publishers; 1996. p. 720.

Zell R. Picornaviridae-the ever-growing virus family. Arch Virol. 2018; 163(2):299—-317. https://doi.org/
10.1007/s00705-017-3614-8 PMID: 29058149

PLOS Pathogens | https://doi.org/10.1371/journal.ppat.1011523  August 17,2023 6/7


https://doi.org/10.7326/0003-4819-121-12-199412150-00009
https://doi.org/10.7326/0003-4819-121-12-199412150-00009
http://www.ncbi.nlm.nih.gov/pubmed/7978722
https://doi.org/10.1080/09638288.2022.2043462
http://www.ncbi.nlm.nih.gov/pubmed/35236205
https://doi.org/10.3389/fped.2018.00412
http://www.ncbi.nlm.nih.gov/pubmed/30671425
https://doi.org/10.1016/j.vaccine.2015.10.018
https://doi.org/10.1016/j.vaccine.2015.10.018
http://www.ncbi.nlm.nih.gov/pubmed/26475444
https://doi.org/10.1136/jcp.2004.020255
http://www.ncbi.nlm.nih.gov/pubmed/16254097
https://doi.org/10.3389/fmed.2021.688486
https://doi.org/10.3389/fmed.2021.688486
http://www.ncbi.nlm.nih.gov/pubmed/34222292
https://doi.org/10.1007/s00705-017-3614-8
https://doi.org/10.1007/s00705-017-3614-8
http://www.ncbi.nlm.nih.gov/pubmed/29058149
https://doi.org/10.1371/journal.ppat.1011523

PLOS PATHOGENS

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chia J, Chia A, Voeller M, Lee T, Chang R. Acute enterovirus infection followed by myalgic encephalo-
myelitis/chronic fatigue syndrome (ME/CFS) and viral persistence. J Clin Pathol. 2010; 63(2):165-8.
https://doi.org/10.1136/jcp.2009.070466 PMID: 19828908

Chia JK, Chia AY. Chronic fatigue syndrome is associated with chronic enterovirus infection of the
stomach. J Clin Pathol. 2008; 61(1):43-8. https://doi.org/10.1136/jcp.2007.050054 PMID: 17872383

Chia J, Chia AY, Wang D, El-Habbal R. Functional dyspepsia and chronic gastritis associated with
enteroviruses. Open J Gastroenterology. 2015; 5:21—7.

Kogon A, Spigland I, Frothingham TE, Elveback L, Williams C, Hall CE, et al. The virus watch program:
a continuing surveillance of viral infections in metropolitan New York families. VII. Observations on viral
excretion, seroimmunity, intrafamilial spread and illness association in coxsackie and echovirus infec-
tions. Am J Epidemiol. 1969; 89(1):51-61. https://doi.org/10.1093/oxfordjournals.aje.a120915 PMID:
5762818

Ishikawa Y, Furuyashiki T. The impact of stress on immune systems and its relevance to mental iliness.
Neurosci Res. 2022; 175:16—24. https://doi.org/10.1016/j.neures.2021.09.005 PMID: 34606943

Rasa S, Nora-Krukle Z, Henning N, Eliassen E, Shikova E, Harrer T, et al. Chronic viral infections in
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). J Transl Med. 2018; 16(1):268. https:/
doi.org/10.1186/512967-018-1644-y PMID: 30285773

Kandolf R, Hofschneider PH. Molecular cloning of the genome of a cardiotropic Coxsackie B3 virus: full-
length reverse-transcribed recombinant cDNA generates infectious virus in mammalian cells. Proc Natl
Acad Sci U S A. 1985; 82(14):4818-22. https://doi.org/10.1073/pnas.82.14.4818 PMID: 2410905

Choutka J, Jansari V, Hornig M, lwasaki A. Unexplained post-acute infection syndromes. Nat Med.
2022; 28(5):911-23. https://doi.org/10.1038/s41591-022-01810-6 PMID: 35585196

Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major findings, mechanisms and recommen-
dations. Nat Rev Microbiol. 2023.

Lerner AM, Beqgaj SH, Deeter RG, Fitzgerald JT. Valacyclovir treatment in Epstein-Barr virus subset
chronic fatigue syndrome: thirty-six months follow-up. In Vivo. 2007; 21(5):707—13. PMID: 18019402

Montoya JG, Kogelnik AM, Bhangoo M, Lunn MR, Flamand L, Merrihew LE, et al. Randomized clinical
trial to evaluate the efficacy and safety of valganciclovir in a subset of patients with chronic fatigue syn-
drome. J Med Virol. 2013; 85(12):2101-9. https://doi.org/10.1002/jmv.23713 PMID: 23959519

Kerr JR. Epstein-Barr virus (EBV) reactivation and therapeutic inhibitors. J Clin Pathol. 2019; 72
(10):651-8. https://doi.org/10.1136/jclinpath-2019-205822 PMID: 31315893

Brooks B, Tancredi C, Song Y, Mogus AT, Huang MW, Zhu H, et al. Epstein-Barr Virus and Human Her-
pesvirus-6 reactivation in acute COVID-19 patients. Viruses. 2022; 14(9). Epub 20220825. https://doi.
org/10.3390/v14091872 PMID: 36146679

Buchwald D, Cheney PR, Peterson DL, Henry B, Wormsley SB, Geiger A, et al. A chronic illness char-
acterized by fatigue, neurologic and immunologic disorders, and active human herpesvirus type 6 infec-
tion. Ann Intern Med. 1992; 116(2):103—13. https://doi.org/10.7326/0003-4819-116-2-103 PMID:
1309285

Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re’em Y, et al. Characterizing long COVID in an
international cohort: 7 months of symptoms and their impact. EClinicalMedicine. 2021; 38:101019.
https://doi.org/10.1016/j.eclinm.2021.101019 PMID: 34308300

Komaroff AL, Lipkin WI. ME/CFS and Long COVID share similar symptoms and biological abnormali-
ties: road map to the literature. Front Med (Lausanne). 2023; 10:1187163. https://doi.org/10.3389/fmed.
2023.1187163 PMID: 37342500

Zhang H, Zang C, Xu Z, Zhang Y, Xu J, Bian J, et al. Data-driven identification of post-acute SARS-
CoV-2 infection subphenotypes. Nat Med. 2022. https://doi.org/10.1038/s41591-022-02116-3 PMID:
36456834

Pinto MD, Downs CA, Huang Y, El-Azab SA, Ramrakhiani NS, Barisano A, et al. A distinct symptom
pattern emerges for COVID-19 long-haul: a nationwide study. Sci Rep. 2022; 12(1):15905. https://doi.
org/10.1038/s41598-022-20214-7 PMID: 36151129

Thaweethai T, Jolley SE, Karlson EW, Levitan EB, Levy B, McComsey GA, et al. Development of a defi-
nition of Postacute Sequelae of SARS-CoV-2 Infection. JAMA. 2023. https://doi.org/10.1001/jama.
2023.8823 PMID: 37278994

Stein SR, Ramelli SC, Grazioli A, Chung JY, Singh M, Yinda CK, et al. SARS-CoV-2 infection and per-
sistence in the human body and brain at autopsy. Nature. 2022; 612:758-63. https://doi.org/10.1038/
s41586-022-05542-y PMID: 36517603

Chen B, Julg B, Mohandas S, Bradfute SB, Force RMPT. Viral persistence, reactivation, and mecha-
nisms of long COVID. Elife. 2023; 12:e86015. https://doi.org/10.7554/eLife.86015 PMID: 37140960

PLOS Pathogens | https://doi.org/10.1371/journal.ppat.1011523  August 17,2023 7/7


https://doi.org/10.1136/jcp.2009.070466
http://www.ncbi.nlm.nih.gov/pubmed/19828908
https://doi.org/10.1136/jcp.2007.050054
http://www.ncbi.nlm.nih.gov/pubmed/17872383
https://doi.org/10.1093/oxfordjournals.aje.a120915
http://www.ncbi.nlm.nih.gov/pubmed/5762818
https://doi.org/10.1016/j.neures.2021.09.005
http://www.ncbi.nlm.nih.gov/pubmed/34606943
https://doi.org/10.1186/s12967-018-1644-y
https://doi.org/10.1186/s12967-018-1644-y
http://www.ncbi.nlm.nih.gov/pubmed/30285773
https://doi.org/10.1073/pnas.82.14.4818
http://www.ncbi.nlm.nih.gov/pubmed/2410905
https://doi.org/10.1038/s41591-022-01810-6
http://www.ncbi.nlm.nih.gov/pubmed/35585196
http://www.ncbi.nlm.nih.gov/pubmed/18019402
https://doi.org/10.1002/jmv.23713
http://www.ncbi.nlm.nih.gov/pubmed/23959519
https://doi.org/10.1136/jclinpath-2019-205822
http://www.ncbi.nlm.nih.gov/pubmed/31315893
https://doi.org/10.3390/v14091872
https://doi.org/10.3390/v14091872
http://www.ncbi.nlm.nih.gov/pubmed/36146679
https://doi.org/10.7326/0003-4819-116-2-103
http://www.ncbi.nlm.nih.gov/pubmed/1309285
https://doi.org/10.1016/j.eclinm.2021.101019
http://www.ncbi.nlm.nih.gov/pubmed/34308300
https://doi.org/10.3389/fmed.2023.1187163
https://doi.org/10.3389/fmed.2023.1187163
http://www.ncbi.nlm.nih.gov/pubmed/37342500
https://doi.org/10.1038/s41591-022-02116-3
http://www.ncbi.nlm.nih.gov/pubmed/36456834
https://doi.org/10.1038/s41598-022-20214-7
https://doi.org/10.1038/s41598-022-20214-7
http://www.ncbi.nlm.nih.gov/pubmed/36151129
https://doi.org/10.1001/jama.2023.8823
https://doi.org/10.1001/jama.2023.8823
http://www.ncbi.nlm.nih.gov/pubmed/37278994
https://doi.org/10.1038/s41586-022-05542-y
https://doi.org/10.1038/s41586-022-05542-y
http://www.ncbi.nlm.nih.gov/pubmed/36517603
https://doi.org/10.7554/eLife.86015
http://www.ncbi.nlm.nih.gov/pubmed/37140960
https://doi.org/10.1371/journal.ppat.1011523

