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Chronic pain is the leading cause of disability in the world. Its prevalence has increased worldwide to affect more than 15% of the world population. Access to pain treatment has been deemed a fundamental human right by the World Health Organization. The current severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic could lead to a significant worsening of the epidemiology of chronic pain. Several pathophysiological, environmental, and psycho-social causes can be expected to result in a worldwide surge in chronic pain complaints.

From a pathophysiological standpoint, it has become clear that the SARS-CoV-2 infection is characterized by the occurrence of a cytokine storm resembling that leading to macrophage activation as seen in virus-induced hemophagocytic lymphohistiocytosis. The cytokine profile of coronavirus disease (COVID-19) is associated with its severity and is characterized by increased levels of interleukin (IL)-2, IL-7, and other cytokines, such as IL-6. The prospect of an autoimmune component in the pathogenesis of SARS-CoV-2 infection is however challenging from a nociceptive standpoint. Cytokines have indeed previously been recognized as being important in the development of allodynia and hyperalgesia in diverse pathological pain conditions. This is probably due to an inflammatory mediator-induced hyperalgesia, which is sometimes referred to as hyperalgesic priming (1). SARS-CoV-2 infection could lead to a state of hyperstimulation resulting in autoimmunity. This auto-immune state can in turn lead to mitochondrial dysfunction, resulting in a state of pronounced neuro-inflammation. Vitamin D deficiency, which has recently been observed in a large proportion of COVID-19 patients with need for ICU admission, will further enhance this neuro-inflammatory condition (2). The pronounced neuro-inflammatory condition can result in the development of small fiber neuropathy (SFN), leading to pain and decreased production of anti-inflammatory peptides. This can lead to a further enhancement of the hyperstimulated state. In addition, many patients recovering from the SARS-CoV-2 infection display signs of critical illness polyneuropathy. There are thus several reasons why COVID-19 patients are prone to the development of painful polyneuropathies, which can negatively impact their quality of life.

Furthermore, COVID-19 patients frequently show neurological manifestations directly caused by the SARS-CoV-2 infection. In past outbreaks of SARS-CoV, it has been shown that the virus targets the central nervous system (CNS) leading to distinct signs of neuro-inflammation. Such post-inflammatory CNS pathology can adversely affect sleep, pain sensitivity, and energy. Furthermore, prolonged administration of opioids in the intensive care unit can induce a state of enhanced pain sensitization in patients, leading to symptoms of allodynia and hyperalgesia along with myalgia, cramping, and even abdominal pain. Such a condition is often referred to as opioid-induced hyperalgesia (OIH) and has been recently considered as a neurotoxic condition (1). Dynorphin may be involved in the development of OIH. Dynorphin is an endogenous opioid peptide that binds primarily to the kappa opioid receptor and NMDA receptors, albeit to a lesser extent. It is believed that dynorphin's agonism of the kappa opioid receptor and NMDA receptor has a role in the pronociceptive effect in OIH. Dynorphin also causes the release of excitatory neuropeptides within different locations in the CNS, further enhancing the development of a central neurotoxic state.

Such clinical syndromes, although mainly observed in adults, can also be noted in children and adolescents as painful COVID-19-related syndromes. In North America and Europe, at least 800 children have been diagnosed with a strange syndrome that is likely to be associated with COVID-19. The illness appears to be similar to toxic shock syndrome and Kawasaki disease, a rare but serious childhood heart condition; however, its manifestations do not perfectly correspond to those of either shock syndrome or Kawasaki disease. Experts refer to it as multisystem inflammatory syndrome in children (MIS-C). Affected children develop extreme pain throughout the entire body in the acute phase of the disease. Currently it is not yet known why a small fraction of children develop MIS-C while the overwhelming majority of children with COVID-19 recover without problems. A small sample study from France indicated that treatment with immunoglobulin and steroids could yield positive outcomes in children with COVID-related MIS-C (3).

It has been previously shown that survivors of severe acute respiratory syndrome can develop a type of post-SARS sickness syndrome, a disease entity that is characterized by persistent fatigue, weakness, and severely limited exercise tolerance (4). The features of such post-SARS syndrome overlap with the clinical and sleep-related features of widespread pain and chronic fatigue syndromes. This complex of symptoms could be the result of the underlying SFN, a chronic post-inflammatory CNS-related pathological condition and a state of dysautonomia that could be the result of the initiation of an autoimmune reaction. An increasing number of observations in COVID-19 patients requiring hospitalization indicate that these patients indeed suffer from prolonged general fatigue, orthostatic intolerance, regional pain syndromes, and cognitive impairment. Long-lasting cognitive complaints are associated with anxiety and depression but could also negatively impact patient compliance to anti-nociceptive therapies (5).

The 2019 Corona Virus Disease causes universal psychosocial impact, impacting multiple sections of society including children, adults but also elderly. Apart from physical suffering, the consequences of imposed mass quarantine and nationwide lockdown programs on the mental health and well-being at personal and population-levels are many fold, leading to pronounced anxiety, loneliness and distress (6). The strongest association between loneliness related to isolation and mental illness is depression (7). In addition, a very recent study indicated that survivors of COVID-19 appear to be at increased risk of psychiatric sequelae (8). It is therefore to be expected that during and after the pandemic anxiety and depression will increase at a population level. Pain and depression display a strong mutual correlation whereby distress and depression predispose to chronic pain and, inversely, chronic pain predisposes to depressive-like behavior. Chronic pain and depression may be based on common neuroplasticity mechanism changes, which are a potentially important route for the onset and worsening of chronic pain and depression (9). In particular, injury sensory pathways of body pains have been shown to share the same brain regions involved in mood management, forming a histological structural foundation for the coexistence of pain and depression. In addition, animal studies have shown that social defeat stress induces hyperalgesia regardless depressive-like behavior in the animals (10).

Special attention needs to be attributed to the development of long-lasting and disabling headache after acute infection with SARS-CoV-2 (11). During the acute phase the headaches have migraine-like features, including a throbbing or pressing nature. Aggravation with bending over is often reported, as well as sensory disturbances such as photophobia and phonophobia. Pathophysiologically, its migraine-like features may reflect an activation of the trigeminovascular system by inflammation or direct involvement of SARS-CoV-2. It has been hypothesized that the virus has neurotropic characteristics, being able to invade peripheral nerve terminals but also enter the central nervous system through trans-synaptic pathways. Inside the nasal cavity, concomitant anosmia may indicate a peripheral activation of the trigeminovascular system. Some reports indicate that headache may be more common in patients with gastrointestinal symptoms. One study suggested that rapid weight loss with reduced appetite are distinctive features of COVID-19 headache (12). In the chronic phase the headaches seem to evolve into a more constant nature with significant negative impact on health-related quality of life in these patients.

The challenge of reintegrating survivors of COVID-19 into the workplace will be vital for the recovery of the economy. These patients will however not only require prolonged rehabilitation but are also in need of integrated multidisciplinary anti-nociceptive therapeutic approaches. Some of the symptoms presented by such survivors should be considered as psychological traumatic effects of the acute infectious illness. These symptoms may also be the result of their prolonged isolation from family and friends, while being faced with an uncertain outcome and the threat of death. Globally, the World Health Organization estimates that 30–50% of the population affected by a disaster suffer from diverse psychological distress. Countries should therefore monitor survivors of COVID-19 to identify risk factors for the development of post-traumatic stress syndrome (PTSD) and chronic pain and primary pain (widespread pain) syndromes. PTSD is commonly comorbid with chronic pain conditions. Patients with pain and PTSD as a comorbidity report significantly greater pain severity and have a higher number of complaints of pain. This may be attributable to the hyperalgesic state often observed in PTSD patients, which may in turn be related to central sensitization. Furthermore, 39.7% of patients with neuropathic pain conditions have PTSD, which is much higher than the prevalence of PTSD in the general population with chronic pain (9.8%) (13).

From a broader societal perspective, it should be noted that even the management of pain syndromes in non-COVID-19 patients has been greatly affected by the current COVID-19 pandemic. Elective pain management procedures have been postponed, sometimes abruptly interrupting long-term planned approaches to manage chronic pain conditions. However, even after the procedures are performed, some patients are reluctant to resume their medical follow-up schedule. Further, patients are reluctant to go to hospitals or care facilities, further delaying necessary care. The long-term effects of the pandemic will not be known until much later and likely include disease flare-ups owing to stressors and discontinuation of pain medications, PTSD, and decreased number of physician visits with subsequent under-treatment and further deterioration of chronic pain conditions. Adequate surveillance and monitoring systems should be implemented as from now, to detect the suspected rise in prevalence of pain as a result of this pandemic. Such monitoring systems should be not only tailored to adults but also to children and adolescents as they can also suffer from long-term disability after the current pandemic.

Altogether, survivors of COVID-19 are prone to the development of chronic (neuropathic) pain states. The epidemiology of PTSD, chronic pain, persistent sleep disorders, fibromyalgia, severe depression and fatigue in COVID-19 survivors will need to be extensively studied. Further, even non-COVID-19 patients with pre-existing chronic pain conditions, an already vulnerable patient population, are prone to severe consequences of the current pandemic. After the acute infectious storm subsides, a nociception- and disability-related tsunami is expected to occur, presenting an entirely novel set of challenges which the international healthcare community needs to be prepared for.


AUTHOR CONTRIBUTIONS

GH was responsible for the content of the manuscript and the first draft. DW further developed the content of the manuscript and finalized the paper. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Araldi D, Bogen O, Green PG, and Levine JD. Role of Nociceptor Toll-like Receptor 4 (TLR4) in opioid-induced hyperalgesia and hyperalgesic priming. J Neurosci. (2019) 39:6414–24. doi: 10.1523/JNEUROSCI.0966-19.2019

 2. Zemb P, Bergman P, Camargo CA Jr, Cavalier E, Cormier C, Courbebaisse M, et al. Vitamin D deficiency and COVID-19 pandemic. J Glob Antimicrob Resist. (2020) 22:133–4. doi: 10.1016/j.jgar.2020.05.006

 3. Belhadjer Z, Meot M, Bajolle F, Khraiche D, Legendre A, Abakka S, et al. Acute heart failure in multisystem inflammatory syndrome in children (MIS-C) in the context of global SARS-CoV-2 pandemic. Circulation. (2020) 142:429–36. doi: 10.1161/CIRCULATIONAHA.120.048360

 4. Moldofsky H, and Patcai J. Chronic widespread musculoskeletal pain, fatigue, depression and disordered sleep in chronic post-SARS syndrome; a case-controlled study. BMC Neurol. (2011) 11:37. doi: 10.1186/1471-2377-11-37

 5. Almeria M, Cejudo JC, Sotoca J, Deus J, and Krupinski J. Cognitive profile following COVID-19 infection: clinical predictors leading to neuropsychological impairment. Brain Behav Immun Health. (2020) 9:100163. doi: 10.1016/j.bbih.2020.100163

 6. Dubey S, Biswas P, Ghosh R, Chatterjee S, Dubey MJ, Chatterjee S, et al. Psychosocial impact of COVID-19. Diabetes Metab Syndr. (2020) 14:779–88. doi: 10.1016/j.dsx.2020.05.035

 7. Loades ME, Chatburn E, Higson-Sweeney N, Reynolds S, Shafran R, Brigden A, et al. Rapid systematic review: the impact of social isolation and loneliness on the Mental Health of Children and Adolescents in the Context of COVID-19. J Am Acad Child Adolesc Psychiatry. (2020) 59:1218–39 e3. doi: 10.1016/j.jaac.2020.05.009

 8. Taquet M, Luciano S, Geddes JR, and Harrison PJ. Bidirectional associations between COVID-19 and psychiatric disorder: retrospective cohort studies of 62 354 COVID-19 cases in the USA. Lancet Psychiatry. (2020) doi: 10.1016/S2215-0366(20)30462-4

 9. Sheng J, Liu S, Wang Y, Cui R, and Zhang X. The link between depression and chronic pain: neural mechanisms in the brain. Neural Plast. (2017) 2017:9724371. doi: 10.1155/2017/9724371

 10. Piardi LN, Pagliusi M, Bonet I, Brandão AF, Magalhães SF, Zanelatto FB, et al. Social stress as a trigger for depressive-like behavior and persistent hyperalgesia in mice: study of the comorbidity between depression and chronic pain. J Affect Disord. (2020) 274:759–67. doi: 10.1016/j.jad.2020.05.144

 11. Caronna E, Ballve A, Llaurado A, Gallardo VJ, Ariton DM, Lallana SF, et al. Headache: a striking prodromal and persistent symptom, predictive of COVID-19 clinical evolution. Cephalalgia. (2020) 40:1410–21. doi: 10.1177/0333102420965157

 12. Toptan T, Aktan C, Basari A, and Bolay H. Case series of headache characteristics in COVID-19: headache can be an isolated symptom. Headache. (2020) doi: 10.1111/head.13940. [Epub ahead of print].

 13. Fishbain DA, Pulikal A, Lewis JE, and Gao J. Chronic pain types differ in their reported prevalence of Post -Traumatic Stress Disorder (PTSD) and there is consistent evidence that chronic pain is associated with PTSD: an evidence-based structured systematic review. Pain Med. (2017) 18:711–35. doi: 10.1093/pm/pnw065

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Hans and Wildemeersch. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







OPS/images/crossmark.jpg
©

2

i

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of SARS-CoV-2 Infection on the Epidemiology of Chronic Pain and Long-Term Disability: Prepare for the Next Perfect Storm



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Pain Research

Impact of SARS-CoV-2 Infection on
the Epidemiology of Chronic Pain
and Long-Term Disability: Prepare

for the Next Perfect Storm





OPS/images/logo.jpg
' frontiers
in Pain Research





