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L E T T E R TO TH E ED I TOR

The link between microglia and the severity of COVID‐19:
The “two‐hit” hypothesis

By the end of February 2021, approximately 2.5 million individuals

worldwide have died of the novel coronavirus disease 2019

(COVID‐19), caused by the severe acute respiratory syndrome

coronavirus (SARS‐CoV‐2). The number of severe and critically ill

patients is also substantial. In some studies, such as one in China,

enrolling 77 314 individuals (including 44 662 confirmed cases),

14% of participants experienced severe symptoms, with 5%

being critically ill.1 While the general mortality rate is estimated to

be around 2%, the rate of death among the critically ill patients

can reach up to 47%.2 Therefore, early prognosis of individuals at

risk would offer timely intervention options that may save more

patient lives.

Although COVID‐19 is primarily a respiratory disease, neurolo-

gical manifestations have emerged as a serious cause of morbidity

and mortality. In a retrospective study from Wuhan, China, enrolling

214 hospitalized patients, 36.4% exhibited neurological manifesta-

tions including headache, ataxia, dizziness, seizure, and impaired

consciousness.3 Results from a UK‐wide surveillance study4 enrolling

153 patients showed that altered mental state was the second most

common condition (31% of subjects, of whom 6% had encephalitis).

In all, 18% of patients presented with a neuropsychiatric diagnosis

and 62% with a cerebrovascular event (e.g., ischemic stroke), high-

lighting that acute neurological complications are commonly en-

countered, even in persons younger than 60 years of age.4 At even a

higher rate, in a French study involving 58 hospitalized patients, 67%

presented corticospinal tract signs, and 69% developed agitation.5

Strong sickness response related to the hyper‐inflammatory

state, that is, a “cytokine storm,” including severe effects in the

central nervous system (CNS), mostly occurs in older patients (>65 of

age), though surely not in all individuals. A possible explanation for

such interindividual differences is that younger individuals have a

stronger immune response of certain components such as

interleukin‐17 (IL‐17) that may aid in preventing a more long‐lasting
drastic infection,6 or that already higher levels of circulating oxida-

tive stress and pro‐inflammatory cytokines in the elderly make them

more prone for such a hyper‐inflammatory state.7 It is also suggested

that individuals who carry elevated levels of pre‐existing immunity

against seasonal human coronaviruses (HCoVs), which cross‐react
with SARS‐CoV‐2, are somewhat protected from severe and even

symptomatic COVID‐19.8

Another explanation for interindividual susceptibly to COVID‐19
is related to microglia, also referred to as the brain's immune cells.

These cells are derived from macrophages and constitute the most

prominent immune and cytokine‐producing cells in the brain.9 The

reactivity of these innate immune cells of the CNS has been fre-

quently pointed out to vary markedly between individuals, especially

with regard to age, health status, and stress, including early‐life en-

countered immune challenges, such as traumatic physiological

events, early infection, and exposure to pollutants (reviewed in

Hanamsagar and Bilbo9), among others. Recent data suggested that

these non‐neuronal cells could play a pivotal role in COVID‐19 in-

fections and the severity of the illness.3–5,10–13

In accordance with the increasing evidence, we propose that

microglia reactivity constitutes an additional plausible explanation

for the observed interindividual differences in response to

COVID‐19 and also for the severity of symptoms observed in

COVID‐19 patients, in particular in older patients or those with

comorbidity. This would be in line with the “two‐hit” hypothesis,

which suggests that an initial stress encountered earlier in life (the

first hit) sensitizes microglial cells that later results in an ex-

aggerated elevation of microglial activity to subsequent stressor

events (the second hit). This first triggering produces so‐termed

“primed microglia” (Figure 1), which can then, following a second

insult, more readily be activated to a detrimental hyper‐activated
state.7,14 Microglial priming (or sensitization) is characterized by

numerous transcriptional and morphological modifications that

occur as stress responses, including altered synaptic connections,

epigenetic changes including histone modifications and hypo-

methylation of inflammatory genes, upregulation of antigens at the

cellular surface and multiplied numbers of microglia itself (reviewed

in Norden et al.7 and Niraula et al.14). Primed microglia does not

refer to an elevated immune response at baseline, but rather to an

exaggerated and uncontrolled inflammatory reaction to a second-

ary immune challenge/stimulus that may be even of comparably

mild nature.14

Therefore, our hypothesis is that many patients experiencing

severe COVID‐19 carry already pre‐activated microglia. Thus, these

primed guardians will be hyperactive when facing an ensuing im-

munological challenge (here the SARS‐Co‐V‐2 infection: the “second‐
hit”). Consequently, this second insult potentiates the response of

microglia that will produce an array of neurotoxic agents, including

pro‐inflammatory cytokines, reactive oxygen (ROS), and reactive

nitrogen species (RNS). As a consequence, the cytokine storm in the

brain and the periphery ensues in excessive strong sickness



symptoms, a maladaptive brain mediated‐response, contributing to

health deterioration; whereas in general, normal sickness behavior is

rather adaptive and reversible, facilitating recovery from disease.15

Indeed, high levels of various pro‐inflammatory cytokines are a

typical observation in patients with severe illness.16 Already during

early disease stages, significantly higher levels of IL‐6 and IL‐10 were

detected in patients with severe COVID‐19 compared to those with

mild illness.2 It is well admitted that systemic inflammation can ad-

versely affect the central nervous system, leading to aberrant brain‐
resident immune‐cell activation. Typically systemic inflammation,

including the potentially fatal “systemic cytokine storm,” may even

result in organ failure, including pulmonary, kidney, and heart failure

in severe COVID‐19. However, a neuroinflammation scenario, char-

acterized by the activation of glial cells, would provoke rather an

encephalopathy, including mild neurological manifestations (such as

headache, anosmia, and ageusia) and also severe symptoms (such as

delirium, acute ischemic stroke, meningitis/encephalitis, acute ne-

crotizing hemorrhagic encephalopathy, and seizure) that can be po-

tentially life‐threatening in up to two‐thirds of the hospitalized

patients.3–5

In a prospective autopsy cohort study performed on 21 patients

who passed away from COVID‐19, a massive activation of microglia

with the formation of nodules was found.10 In a post‐mortem study

carried out on 25 COVID‐19 patients, 80% presented modifications

markedly in the microglial immune activation; 48% exhibited a

moderate‐to‐severe degree of microgliosis and microglial nodules.11

Significant axonal damage was observed in the cohort, which was

more pronounced in patients with microglial nodules. In addition,

several microglial clusters displaying high immune activation and

expression of microglial functional markers were identified in pa-

tients who succumbed to COVID‐19.11 In a U.S. study, from 19

COVID‐19 autopsy cases, 13 exhibited perivascular‐activated mi-

croglia; in 5 patients activated microglia were detected adjacent to

neurons, which is suggestive for neuronophagia in several brain

areas.12 In a German post‐mortem study, an increased phagocytic

activity was inferred from the microglia phenotype (higher expres-

sion of the lysosomal marker CD68). In this study, it was hypothe-

sized that anosmia, a common neurological symptom in COVID‐19
patients, was related to pronounced astrogliosis and microgliosis in

the olfactory bulb.13

During the ongoing COVID‐19 pandemic, the mortality rate in

older patients is approaching 10%, and has been stated recently to

be up to 62 times higher in people over 65 compared to those under

54 years of age.17 Aging has been reported to be associated with

higher levels of ROS and RNS, and inflammatory markers such as

C‐reactive protein (CRP) and circulating cytokines such as IL‐6. In-
terestingly, in a cohort study, an average of 10‐year equivalent de-

cline in global cognitive performance was found in people who

were hospitalized and ventilated and then had recovered from

COVID‐19.18 However, it has also been proposed that aging can by

itself act as priming or sensitizing stimulus for microglia, setting the

base for the “first‐hit.”14 Priming of microglia was also proposed to

occur during neurodegenerative diseases, as well as by psychological

stress across life span, as reviewed previously.14

Indeed, chronic diseases such as obesity and type‐2 diabetes,

also more likely to co‐occur with age, and which can lead to chronic

low‐grade inflammation, have been associated with microglial acti-

vation in several animal model studies.19 Interestingly, it has been

stated that once microglia are activated, they may then take on a

primed profile.7,14 In addition to the connection between the “two‐
hit” on microglia and the severity of COVID‐19, of course other host‐
related factors predisposing for a higher risk of severe COVID‐19
disease do exist, such as recently highlighted for the genomic seg-

ment on chromosome 3 that has been inherited from Neanderthals,

constituting a risk locus for respiratory failure in people from Asia

and to a lesser extent also for Europeans.20

In summary, microglial hyper‐activation is associated with several

diseases and serious complications that could be fatal for ill humans.

F IGURE 1 Microglial hyperactivation by the two‐hit process and its contribution to disease aggravation such as COVID‐19. COVID‐19,
coronavirus disease 2019; IFγ, interferon gamma; IL, interleukin; TNF‐α, tumor necrosis factor‐α

4112 | LETTER TO THE EDITOR



Microglial priming or sensitization, which could occur in response to

several inflammatory conditions including normal and pathological

aging, psychological stress, or other stressor events encountered

early in life and also chronic diseases, characterized by low‐grade
inflammation, is an important process for vulnerability to subsequent

immune challenges. According to the recent evidence, the “two‐hit”
hypothesis provides an additional explanation for the vulnerability of

certain patients to severe COVID‐19. Furthermore, a better under-

standing of this process may pave the route toward developing ap-

propriate interventions, preventing an excessive microglial cascade

activation.
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