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Importance: While the understanding of inflammation in the pathogenesis of
many neurological diseases is now accepted, this special commentary addresses
the need to study chronic inflammation in the propagation of cognitive Fog,
Asthenia, and Depression Related to Inflammation which we name Brain FADE
syndrome. Patients with Brain FADE syndrome fall in the void between neurology
and psychiatry because the depression, fatigue, and fog seen in these patients are
not idiopathic, but instead due to organic, inflammation involved in neurological
disease initiation.

Observations: A review of randomized clinical trials in stroke, multiple sclerosis,
Parkinson’s disease, COVID, traumatic brain injury, and Alzheimer’s disease reveal
a paucity of studies with any component of Brain FADE syndrome as a primary
endpoint. Furthermore, despite the relatively well-accepted notion that
inflammation is a critical driving factor in these disease pathologies, none have
connected chronic inflammation to depression, fatigue, or fog despite over half
of the patients suffering from them.

Conclusions and relevance: Brain FADE Syndrome is important and prevalent in
the neurological diseases we examined. Classical “psychiatric medications” are
insufficient to address Brain FADE Syndrome and a novel approach that utilizes
sequential targeting of innate and adaptive immune responses should be studied.

KEYWORDS

microglia, IL-6, PASC, vagus, inflammation, depression, COVID, stroke

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1332776/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1332776/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1332776/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1332776/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2024.1332776&domain=pdf&date_stamp=2024-01-18
mailto:Hanafy-khalid@cooperhealth.edu
https://doi.org/10.3389/fimmu.2024.1332776
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2024.1332776
https://www.frontiersin.org/journals/immunology

Hanafy and Jovin

10.3389/fimmu.2024.1332776

Parkinson's Disease
Mitophagy
Neuronal Inclusions

Multiple Sclerosis

- - . ”, SARS-CoV
CIassll_caI A;\Jtmmmumty @\E@ . Cytokine Storm
ymphocytes (8 PAMPS/TLR3
Cytokine Storm & e
@ Alzheimer's disease
Issctr:gll‘(rﬁa \ 1 V4 Neuronal Inclusions
Reperfusion Injury Neuro- Damage-Associated
DAMPs/TLR4 . INFLAMMATION: Microglia (DAM)
Microglia
Lymrlxllj?é:ytes “~ % Traumatic Brain Injury
WBC proliferation 7 Cyt(;rkri?]uerg?orm
Neuronal Inclusions
DAMs

GRAPHICAL ABSTRACT

Brain FADE Syndrome. Pictorial representation of the issues that patients face from disease pathogenesis to finding the correct type of physician to

deal with Brain FADE Syndrome.

1 Introduction

The role of inflammation whether via damage-associated
microglia, increased blood brain barrier permeability, or increased
complement activity has a critical role in the pathogenesis of both
cerebrovascular and neurodegenerative diseases (1). The brain, long
thought an immunologically privileged organ, is now seen as
immunologically active as the spleen with pseudo germinal
centers, and resident innate and adaptive immune cells. With this
understanding, the role of neuroinflammation has come to the
forefront as an underlying etiology of neurological disease; however,
the “psychiatric endpoints” have not received their due recognition.

While the neurological diseases of depression, fatigue, and brain fog
affect a majority of patients with stroke, Alzheimer’s, Parkinson’s,
multiple sclerosis, traumatic brain injury, and “long COVID,” the role
of chronic inflammation in mediating these very important neurological
diseases have not been well-studied. We named this combined endpoint
of depression, fatigue and brain fog from chronic inflammation as Brain
FADE syndrome; cognitive Fog, Asthenia, and Depression Related to
Inflammation. We posit that chronic inflammation is the final common
pathway that connects all neurological diseases, regardless of initial
insult, to Brain FADE Syndrome.

2 Stroke

Estimates of Brain FADE post-stroke vary from 20-70%, based
on a conglomerate of all of these symptoms (2). While active
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attempts to uncover the individual contributions of fatigue, fog,
and depression in classical autoimmune diseases like multiple
sclerosis or novel diseases like Long Covid are underway (3, 4),
the endpoint is generally combined in stroke as depression. The
FLAME trial was the first randomized placebo-controlled trial
(RCT) that indirectly addressed Brain FADE after stroke (5).
While the hypothesis of using fluoxetine in stroke was based on
increasing excitatory neurotransmitters to promote neurogenesis,
fluoxetine is more commonly used in the treatment of depression
(6). In this small study of 118 patients both depression and motor
recovery were significantly improved by fluoxetine treatment. Due
to the impressive effects of fluoxetine, but the small sample size, an
attempt to replicate the findings in large, collaborative studies was
performed: the FOCUS, EFFECTS, and AFFINITY trials (7-9). The
FOCUS trial was an RCT that enrolled approximately 3,000 stroke
patients in the UK and found no difference in functional outcome,
and interestingly, the treated arm saw less depression, but an
increase in bone fractures. Similar studies were carried out in
Sweden with the EFFECTS trial and AFFINITY between
Australia, Vietnam, and New Zealand. Both RCTs found similar
results to FOCUS in that there was no change in functional
outcome, with a decrease in new depression; however, both trials
also demonstrated more falls, more bone fractures, and
more seizures.

Perhaps the reason that fluoxetine not only failed to improve
motor outcomes, but was potentially harmful causing seizures, falls,
hyponatremia, and fractures lies in the underlying pathophysiology
of stroke. Fluoxetine does not address the underlying inflammatory
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etiology of chronic stroke symptoms, and potentially exacerbates
the vascular etiology based on known mechanisms of this selective
serotonin reuptake inhibitor. A focus on anti-inflammatory signal
transduction may prove beneficial in the development of novel
treatments for Brain FADE Syndrome.

The best studied “anti-inflammatory” agents in stroke with any
data on depression and fatigue are the NSAIDs and statins. While
SPARCL revealed no significant change in functional stroke
outcomes, subsequent analysis of these data and others revealed
mixed effects of statins on depression and fatigue (10). In a
retrospective study in the Danish population, a study of over
300,000 people, the use of NSAIDs or ASA revealed a decreased
risk of early depression after stroke, with the opposite effect on
chronic depression. Conversely, the opposite temporal relationship
was found with statin use alone (11). Another database study out of
Taiwan with 11,000 patients demonstrated an increase in
depression with statin use, while a smaller prospective study
showed a slight decrease in depression (12, 13). Interestingly, the
strongest link between depression, inflammation and statins is via
the interleukin 6 (IL-6) pathway. Increases in IL-6 and IL-18 have
been associated with depression after stroke, but no relationship to
statins were drawn in these studies (14, 15). A weak causal
relationship was established with a prospective study involving
400 Taiwanese patients indicating that statin-treated patients
produced less IL-6 and had lower rates of depression, supporting
an inflammatory hypothesis for depression.

The first anti-inflammatory RCTs in ischemic stroke were the
SAINT trials where the free radical scavenger NXY-059 was used
(16, 17). While SAINT I showed efficacy of the scavenger at
reducing disability at 90 days, the repeat trial with twice as many
patients failed to reproduce these effects. After initial evaluations in
young, healthy male animals, further studies should be performed
in females, aged animals, and animals with comorbid conditions
such as hypertension, diabetes, and hypercholesterolemia. Although
STAIR criteria for optimal research design in pre-clinical studies
had recently been established, the pre-clinical studies did not
include females, aged animals, and animals with comorbid
conditions such as hypertension, diabetes, and
hypercholesterolemia (18, 19). These are some of the reasons that
NXY-059 may have failed. Importantly, NXY-059 may have
influenced Brain FADE, but these outcomes were not measured.

The ESCAPE NAI1 trial was another RCT with a multitude of
pre-clinical studies supporting the concept that interfering with the
interaction between post-synaptic density 95 and the NMDA
receptor would prevent both the neurotoxicity induced by
calcium influx as well as that from NOS II activation (20-22).
The ESCAPE NAI trial also failed to demonstrate any
neuroprotection, yet again, no mention of any of the components
of Brain FADE in the outcomes measured in the RCT or tested in
the pre-clinical studies. While the preclinical studies gained much
fame, the extent to which they were replicated in females, aged, and
comorbid mice may have also lead to issues with the translation to
human stroke.

A more direct approach studying the relationship between
stroke and inflammation was taken in the ACTION trial where
an inhibitor of leukocyte-endothelial interaction, effective in the
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treatment of multiple sclerosis, was tested (23). Although the
natalizumab trial did not find any significant effects of infarction
volume or functional outcome, depression and fatigue were not
analyzed. The failure of ACTION may have many components,
including timing and dosage, but the most striking difference is
duration of treatment. Patients in ACTION received 1 dose of the
drug within 9 hours of stroke, whereas in RCTs involving MS
patients, the drug was given once per month for over 2 years (24,
25). Furthermore, natalizumab seemed to have remarkable efficacy
in reducing fatigue and depression in MS patients; however, these
endpoints were not studied in ACTION (26-29).

The newest anti-inflammatory agent to be bridged from bench
to the bedside is a Toll-like receptor 4 (TLR4) aptamer. The toll like
receptors are evolved to prevent prokaryotic attack of eukaryotic
cells. Canonical TLR ligands are known as pathogen associated
molecular patterns (PAMPs) that recognize and respond to specific
common antigens on viruses, fungi, or bacteria. Similarly, danger
associated molecular patterns (DAMPs) are endogenous molecular
patterns that signal damage to the body like heme or mitochondrial
membrane fragments (30, 31). Although the ligand to TLR4 in
ischemic stroke is not as well-established as in hemorrhagic stroke,
conditional and whole body knockouts of TLR4 in all models of
stroke have demonstrated profoundly neuroprotective effects
(32-36).

To translate this understanding to human ischemic stroke,
aptamers or short sequences of nucleic acids that bind to inhibit
and TLR4 have been developed. Aptamers, in theory, should result
in a reduced inflammatory response due to lack of protein antigens
and sequences that are not recognized as DAMPs by other toll like
receptors. Preliminary studies demonstrate that the drug is safe and
more importantly, Brain FADE is being investigated as an endpoint
in future clinical trials (36-38).

Thus, future investigations into reducing neuroinflammation
should include Brain FADE as an endpoint. Even if the
pharmaceutical intervention does not show efficacy against
“functional” outcome, as perceived by the physician, treating
Brain FADE may improve the patient’s perception of the
outcome. Ultimately, that is the goal of any physician-patient
interaction. This concept of the patient’s opinion of a functional
outcome is not entirely novel and has been used in novel metrics
such as the utility-weighted modified Rankin Score (39).

3 Multiple sclerosis

Multiple sclerosis, on the other hand, is the archetypal model of
cerebral inflammation, and synonymous with neuroimmunology.
As such, it is not surprising the Brain FADE has been studied
extensively; fatigue (40), fog also known as “cog fog” (41), and
depression (42) are estimated to affect approximately 37-78% (43),
34-65% (44), and 5-59% (45) of patients, respectively. Of note, not
only have each of these elements of Brain FADE syndrome been
individually studied in MS, but the idea that they are part of the final
common pathway due to the inflammation in MS, and are observed
in aggregate, has also been studied in such detail that 252 original
research articles have been published on the topic (46, 47). A small
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study of 13 MS patients where half of them were treated with
cyclosporine found an association where those treated had fewer
cytotoxic CD8" and more CD4" T cells with less depression (48).
Another small study examined MS patients with pre-existing
depression versus those without depression. While they did not
find difference in CD8" T cell populations, the CD8 cells in
depressed patients produced more TNF-o and interferon (IFN)-y.
This association held even when the authors controlled for disease
modifying therapy and current functional status (49). This study as
well another small study measured serum TNF-o and IFN-y and
found they were associated with chronic fatigue as well (50).
Another small study of 47 MS patients found that IL-6 in CSF
was independently associated with depression and fatigue.
Furthermore, in a larger study with 249 healthy controls, 108
MS patients without depression, and 42 patients with MS
and depression; serum IL-6 was highest in those with MS and
depression. Interestingly, serum IL-6 is also a marker of depression
in the general population, further supporting the idea that
inflammation may be final common pathway to Brain FADE
syndrome (51, 52). Finally, in small study of cognitive fog, there
seemed to be an inverse relationship between T cell production of
IFN-y and fog; however, this study was not controlled for IFN-3
therapy, the most common MS therapy, which is known to lower
levels of IFN-y-producing CD8+ T cells (49, 53). Despite the fact
that every RCT in MS tests an immunomodulator only one of them
used Brain FADE as an endpoint: Satralizumab (humanized
antibody against IL-6) (54). The Satralizumab trial enrolled 83
patients with neuromyelitis optica, a type of MS. The authors found
the Satralizumab arm had a reduced relapse rate, but no change in
fatigue or depression. While a negative study for Brain FADE, at
least this study provides definite causal evidence for the lack of
involvement of IL-6 in fatigue and depression in this type of MS.
More studies like the Satralizumab trial are required to determine
causal roles for the many immunomodulatory drugs used to treat
MS and Brain FADE. Taking a lesson from stroke, with utility
weighted mRS, and the Patient Reported Outcome Measurement
Information System (PROMIS) used to define postacute sequelae of
SARS-CoV-2 infection (PASC); the patient’s input is critical to
understand the relative importance of motor function versus
Brain FADE.

4 Parkinson'’s disease

Neurodegenerative diseases such as Parkinson’s disease have
chronic inflammation that has been established in the glia
(microglia, astrocytes, and neurons) of the brain in preclinical
models, and serum inflammatory markers such as IL-2, IL-6, and
TNF-a have been associated with depression and fatigue (55-58).
Despite this association and the fact that over 50% of PD patients
display some element of Brain FADE; no large scale, anti-
inflammatory, RCTs have taken place in Parkinson’s disease to
address this issue (59). 3 small trials have aimed to address
inflammation through a variety of mechanisms. Azathioprine
(AZA-PD) is phase II RCT that was begun in 2020 and aims to
enroll 60 PD patients to assess gait and ataxia as primary outcomes
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along with inflammatory mediators as secondary outcomes, but not
depression, fatigue, or fog (60). Similarly, a an RCT with the iron
chelator, deferiprone, did not show any improvement in cognition
or gait, but Brain FADE was not investigated (61). Finally, a general
ber-abl kinase inhibitor, nilotinib, was tried based on MPTP, pre-
clinical models of PD that showed increased TREM-2 expression on
microglia and decreased a-synuclein. TREM-2 is celebrated marker
of microglial function that induces clustering of microglia around
protein inclusions and is critical in the signal transduction required
for the phagocytosis of these inclusions (62). The phase II study
showed increased TREM-2 expression on CSF myeloid cells,
increased serum dopamine, and decreased serum oi-synuclein.
While the study was preliminary, it remains to be seen if Brain
FADE will be studied in future trials with the tyrosine kinase
inhibitor (63).

5 Long COVID

When discussing Brain FADE syndrome, the infection of over
half a billion people in the recent pandemic with SARS-CoV-2
(COVID-19) must not be overlooked (64). About 6% of patients
with COVID-19 have symptoms that do not resolve for months or
years, hence Long COVID (65). SARS-CoV-2 is a single-stranded
positive-sense RNA virus with spike projections that emerge from
the virions’ surface, a characteristic of the Coronaviridae family.
Infection with coronavirus yields a significant inflammatory
response stemming from both the innate TLR3 and cGAS-STING
pathways, as well as the adaptive cytotoxic CD8" T cells (66).
Specific to SARS-CoV-2 are 4 critical structural elements of the
virus: the spike, membrane, envelope, and nucleocapsid proteins.
SARS-CoV-2 most likely infects patients through the cribriform
plate and olfactory nerve, thus explaining the common symptoms
of anosmia and ageusia. The olfactory nerve, or cranial nerve I, is
the only cranial nerve that does not synapse before it enters the
brain parenchyma. Given this method of infection, it is not
surprising that SARS-CoV-2 would present with acute
neurological symptoms like anosmia, headache, encephalitis, and
ischemic stroke, or chronic ones such as impaired executive
functions and fatigue (67).

Moreover, the fact that steroids proved to be such an effective
treatment in COVID-19-induced acute respiratory distress
syndrome (ARDS), provides a causal relationship between the
inflammation and ARDS (68, 69). Long term outcomes after
COVID infection, even those patients not ventilated,
demonstrates a Brain FADE syndrome called postacute sequelae
of SARS-CoV-2 infection (PASC), which affects 10%. A recent
study of almost 14,000 patients that survived COVID, utilized the
Patient Reported Outcome Measurement Information System
(PROMIS) database to describe what has previously been called
“long COVID.” Interestingly, patients defined PASC by 3 main
criteria: fatigue, fog, and post-exertional malaise (4).

The main hypothesis put forth that might explain the persistent
inflammation leading to Long COVID is persistence of the virus,
found in the brain, gut, and lung parenchyma for up to 230 days
after initial infection (70). Furthermore, the virus can persist in
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tissues despite negative whole blood and nasopharyngeal PCR tests.
One team found increased SARS-CoV-2 proteins in extracellular
vesicles derived from neurons and astrocytes circulating at higher
levels in PASC patients than those that had completely recovered
(71). These circulating proteins could have the ability to activate
classic innate immune pathways in both macrophages and
neutrophils to initiate anti-viral responses through TLR3 and the
c¢GAS/STING pathway, both which heavily activate interferons and
contribute to cytokine storm pathology (72). The persistent viral
load and inflammation can be sensed by the vagus nerve, which has
thousands of afferent projections from the organs in the body. This
visceral inflammation is sensed by the vagus nerve and results in a
sickness behavior like PASC due to glial activation and
neuroinflammation (73-76). This was also demonstrated in a
murine model of bacterial pneumonia where pulmonary
inflammation resulted in the activation of nociceptive afferent
neurons, a branch of the vagus nerve. Subsequently, vagal
efferents to the lung suppressed neutrophil and T cell responses
resulting in lethal pneumonia (77).

Besides the visceral sickness mediated by the vagus nerve that
can lead to PASC or Brain FADE, a more direct pathophysiology
exists based on spike protein binding affinity for amyloid, synuclein,
and tau proteins. These protein inclusions in neurons and the
cerebral interstitial fluid are thought to be involved in Alzheimer’s
and Parkinson’s and Traumatic Brain Injury. Lending credence to
this hypothesis, one group found that the incidence of new onset of
Alzheimer’s diagnoses was significantly increased in older adults in
the year following COVID infection Another autopsy found
increased amyloid accumulation in the brains of patients with
severe COVID illness younger than 60 years old (78, 79).

Further studies into these Brain FADE syndromes, and
especially the brain-lung relationship via the vagus nerve are
necessary in order to appropriately address and treat the chronic
inflammatory component, possibly by vagotomy or vagus
nerve stimulator.

6 Alzheimer's disease

In Alzheimer’s disease (AD) the natural course of the disease
leads to fog, but not necessarily fatigue and depression which can
affect upwards of 40%. AD has been studied extensively with respect
to pre-clinical models and clinical trials, but without significant
emphasis on depression and fatigue as an endpoint. Attempts at
treating cyclo-oxygenase induced inflammation in the aged
population failed to reduce depression (80, 81). Alzheimer studies
are unique in that a multitude of anti-inflammatory agents are being
tested, ranging from herbal remedies like resveratrol to
bromodomain epigenetic proteins (BET) to Apoe mimetics (82-
84). Of these studies, only the MARBLE study, using an Apo
mimetic, is specifically studying depression and fatigue in
perioperative cognitive dysfunction. So even in Alzheimer’s
disease where depression can be seen in 90% of the population
and fatigue and sleep disorders in 70%, these are not primary
outcomes that are studied as a result of chronic inflammation (85).
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7 Traumatic brain injury

Finally, traumatic brain injury (TBI), is perhaps the only
disease, where Brain FADE syndrome is synonymous with the
post-traumatic stress disorder (PTSD) moniker, apart from the
etiologies that lead to these syndromes. While PTSD follows TBI,
the mechanism by which one causes the other is not defined; as
opposed to Brain FADE syndrome, where the mechanism is
hypothesized to be chronic inflammation, regardless of the initial
insult. In civilian populations, the frequency of PTSD is 18.6% after
12 months. In military populations, the frequency is reported to be
upwards of 48.2%; however, this depends on the war as well as the
variety of prior descriptions of this syndrome including, shell shock,
disordered action of the heart, effort syndrome, effects of Agent
Orange, and Gulf War syndrome to name a few (86, 87). From the
TRACK-TBI study of civilians, frequencies of PTSD and MDD were
relatively common, with 6-month rates ranging from 9% to 19%
(88). Moreover, this study defined the population at greatest risk for
PTSD and MDD after mild TBI: less education, being black, self-
reported psychiatric history, and injury resulting from assault or
other violence. These critical epidemiological studies are exactly
what is needed in every neurological disease to carefully define risk
factors for Brain FADE syndrome so that the chronic inflammation
component can be studied in these at-risk populations.

Similar to previous neurological diseases, very few RCTs have
been conducted to address Brain FADE syndrome or PTSD in TBI
patients. Unlike other neurological disease, chronic inflammation is
recognized as a critical factor in PTSD, as a tertiary phase of injury
(89). The MRC Crash trial TBI patients were treated with high dose
steroids for 48 hours and showed no improvement in outcomes
(90). Consistent with the concept of Brain FADE and tertiary injury
after TBI, low dose steroids have shown to improve PTSD (91, 92).
Progesterone and erythropoietin both failed to improve outcomes
in TBI, even though both showed reproducible, marked effects in
rodent models of TBI (93, 94). Mifepristone, on the other hand, was
specifically targeted against PTSD in war fighters, but also failed to
show any efficacy (95). While all these therapies circuitously address
Brain FADE syndrome or PTSD in TBI, a small, open label trial
using etanercept, a soluble antibody to TNF-o., showed significant
improvement across all domains of Brain FADE syndrome (96).
Further RCTs that specifically target chronic inflammation are
necessary. By and large the translational validity of treatment in
TBI from rodent to human has been dismal. This may be due to
several factors, among the most important could be that
quadrupeds have a thicker cortex that is in line with their
brainstem, whereas humans have a thinner cortex that is
perpendicular to their brainstem with much more with matter,
making diffuse axonal injury frequent. Furthermore, any TBI model
requires sedation before the impact, the most common being
ketamine or isoflurane, both of which have neuroprotective effects
(89). The variety of traumatic brain injury mechanisms in humans
are also difficult to replicate from improvised explosive devices, to
boxing, to high-speed motor vehicle accidents, to violent attacks
from our own species. Because so much of TBI is not only the
mechanism of injury, but the circumstances surrounding the
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trauma; it is not surprising that researchers cannot capture this with
a simple controlled cortical impact model. Even if the “meta-data”
surrounding the trauma, and the mechanism of injury could be
accurately replicated, the measurement of fatigue, fog, and
depression would prove difficult in a rodent. Future models of
traumatic brain injury need to be applied to one mechanism of
injury that most closely resembles a CCI, such as blunt force trauma
to the head, and only large mammals capable of easily displaying
depression or fatigue should be used as a first step toward a “win” in
TBI therapeutics.

8 Conclusion

The role of inflammation as well as targeting inflammation
alone may be a critical factor for the treatment of virtually all
neurological disease, but these classical “psychiatric endpoints”
need to be embraced by neurologists and neuroscientists, both in
the lab and the clinic. A focus on the final common pathway will
likely involve microglia, Toll like receptors, T lymphocytes, and IL-
6. The approach to Brain FADE syndrome needs to be similar to
that seen in oncology, where multiple targets are chosen along a
common pathway, such as the treatment of HER2-positive breast
cancer. Here, combination therapies attack the cancer along
multiple pathways to enhance efficacy, manage resistance, and
minimize side effects. Monoclonal antibodies against the HER2
protein inhibit growth of the tumor through this pathway;
trastuzumab, targets one part of the HER2 protein and
pertuzumab another. With growth inhibited, “-cidal” agents that
kill cancer cells are then used, like paclitaxel. Finally, if the cancer is
estrogen receptor positive, an aromatase inhibitor like tamoxifen
can be used to maximize inhibition of all trophic pathways for the
cancer (97).

As the tissue resident macrophage of the brain, microglia and its
response to PAMPs and DAMPs will likely be critical in phase I of a
pharmaceutical attack, such as a TLR4 aptamer. However, there are
pathways that will allow for autonomous activation of lymphocytes
a sustained immune response, independent of antigen presenting
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