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Abbreviations: 
 
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2 
COVID-19: Coronavirus Disease-2019 where SARS-CoV-2 is the causative agent 

Brief Summary: 
 
PASC the long-term post-acute sequelae of COVID-19, hereafter referred to as Long COVID, is a serious public health crisis with no proven treatment.   The periodic induction of putative cellular autophagy via a variety of methods is shown to be a promising novel treatment.    About half of the ‘high compliance’ group saw a 50% or greater reduction in the number of their Long COVID symptoms.   Of course, follow-up is urgently needed including confirmation of safety and efficacy via rigorous controlled clinical trials. 
 
ABSTRACT 
 
Hundreds of self-identified covid long haulers worldwide opted to follow the self-treatment outlined in the Autophagy Protocol.  The key component of the protocol is the putative induction of cellular autophagy once or twice per week.  Of the 158 long-haulers that submitted 2 or more weekly surveys and did something to induce autophagy, 111 (70%) reported a net decrease in symptoms.  Among those that induced autophagy at least every 2 out of 3 responses and made changes to their diet, 46 out of 51 (90%) reported a net decrease in symptoms.  35 out of 51 (69%) had a net decrease of 3 or more symptoms.   49% (25 of 51) of the these ‘high-compliance’ participants saw a 50% or greater reduction in their initial number of Long COVID symptoms.  Over 16 weeks there was a clear downward trend in the median number of symptoms reported by participants.   For females the median number of symptoms dropped from 10 to 4.  For males the median number of symptoms dropped from 8 to 4.  Overall, after 20 weeks the median reduction in symptoms was 61.1%.   The method of autophagy induction was important.   After the first week, 2.5 day water fasts had the greatest average reduction in symptoms week to week with a net change of -0.54 symptoms.  The most effective non-fasting method was 300 mg Resveratrol + 800 mg Quercetin with an average week to week reduction of -0.38 symptoms.   While 2 Tbsp Olive Oil had an average reduction of -0.24 symptoms per week.   The beneficial effect of three completely different interventions strongly supports the hypothesis that cellular autophagy is responsible for the reduction of Long COVID symptoms.   Thirty-nine Long COVID symptoms were tracked via a weekly symptom survey.  Nerve pain, muscle twitches, fatigue, brain fog, Post Exertional Malaise, chest pain, and tinnitus were reported to have gone away by between 22% and 33% of the ‘high-compliance’ participants.   Tremors, heart palpitations, tachycardia, and chest pain were more amenable.   Overall, 48% percent of all tracked symptoms resolved in the ‘high-compliance’ group.  In two-thirds of the participants, based on the survey inflammation index, induction of putative autophagy corresponded to a temporary worsening of their existing Long COVID symptoms for 1 to 12 hours.  15.0% of the participants reported an initial net increase of two or more new Long COVID symptoms within the first 2 weeks of starting the Autophagy Protocol.     Otherwise, few adverse effects were reported.  Many respondents had one or more significant relapses as indicated by a response-to-response increase of three or more symptoms during their reporting period.   Overall, the monthly relapse rate was 37% but varied from 60% for middle-age females to 5% for older males.  Overall, females were 2.5 times as likely as males to experience a significant relapse.  The least active participants pre-covid had the best recovery rates while the pre-covid “fitness fanatics” had the worst recovery rates.   One weakness of this study is the lack of a predefined control group.  However, a plot of the median number of symptoms from 338 initial surveys versus length of time as a long-hauler suggests that without the autophagy protocol self-treatment the median number of symptoms may actually be increasing over time.   Long-haulers reported a median of 11.0 symptoms during their first 8 months versus a median of 12.0 symptoms from 9 months or longer.  To establish the safety and efficacy of these widely available and inexpensive home remedies, it is crucial that the results of this pilot observational study be followed-up with one or more robust clinical trials.

MAIN 
    SARS-CoV-2 infection leaves behind residual viral debris in a wide variety of tissues and cell types that express the ACE2 receptor.  These include vascular endothelium, blood, bone marrow, brain and lung pericytes, brain, gut epithelium, lung, heart, aorta, kidney, liver, thyroid gland, adrenal gland, gallbladder, lymph nodes, muscles, reproductive organs, eyes, and nasal epithelium1–8.  Two studies of the immunological response in PCR-Positive Covid-19 individuals indicate that viral antigen persistence occurs in a percentage of people infected with SARS-CoV-29,10.  Indeed, viral spike protein fragments have been detected in non-classical monocytes from covid long-haulers even at 15 months post-acute covid11.  Additionally, viral RNA and protein were detected in nasopharyngeal samples 4 to 6 months post Covid-19 onset12. 
 	Autophagy is one of the two main degradative pathways in our cells and can be used to degrade viruses, viral nucleic acids and misfolded viral protein aggregates.  It has been proposed that increasing autophagy may have a therapeutic effect against Coronaviruses although many viruses manipulate the autophagic machinery to their own advantage13,14.   Autophagy is also known to be integral to the process of viral antigen presentation via MHC-II, which allows CD4+ T cells to direct immune responses (Natural Killer cells and Cytotoxic CD8+ T cells) towards infected cells15,16.  SARS-CoV-2 is known to encode for at least one viral protein, ORF3a, that interferes with autophagy by blocking the fusion of autophagosomes with lysosomes17.   In an attempt to overcome the viral blockage of basal low-level autophagy, a variety of interventions were chosen to attempt to strongly trigger cellular autophagy.    Interestingly, two-thirds of long-hauler respondents reported transient increased inflammation and increased severity of symptoms; typically for 2 to 6 hours following putative autophagy induction. Often a long-hauler’s headache or gut ache or muscle ache, rapid heart rate or other symptoms become noticeably worse.  If the signs extended into the night, autophagy consistently resulted in difficulty sleeping.  Sometimes increased inflammation or new inflammation of various organs including the heart, kidney, or gall bladder was felt.  One possible explanation is that autophagy related antigen presentation of viral fragments is triggering an increased transient localized immune reaction.   The average increase in inflammation was similar for all autophagy methods - though quite variable between participants (Figure 1 Inflammation by treatment)  
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The Autophagy Protocol

The Autophagy Protocol was initially created based on the Long COVID recovery experiences of Tom Bunker.   He developed Long COVID in May of 2020 and recovered fully by August of 2020 via time-restricted eating while following a low sugar, no processed carbohydrate diet with one longer water fast.    Based on symptoms, he caught covid again in late September and developed significantly worse Long COVID in mid-October after backpacking for a weekend.   He began experimenting with various known autophagy inducers such as Metformin, Resveratrol, Quercetin, Spermidine, Trehalose, Nicotinamide Riboside, Beta hydroxybutyrate, Hydrogen Water, etc. based on his increased Long COVID symptoms of gut ache and headache and “feelings” of autophagy such as edginess and a slight jittery/shaky feeling.  Typically, the signs of autophagy would happen in the evening beginning about 6 pm and last until 10 pm.   However, some methods of autophagy triggered these indicators of autophagy within 1 hour - no matter the time of day.  The key element of the Autophagy Protocol is the periodic induction of strong Autophagy once or twice a week.   In addition, the Autophagy Protocol recommends following a no added sugars, no processed carbohydrates diet, daily time-restricted eating in an 8 or 10 hr window, and avoiding all moderate and strenuous exercise. It also includes a list of recommended supplements including 2000 IU of Vitamin D, 500 mg Vitamin C, 100mg Vitamin B3, 600 to 750 mg NAC, 500 to 800 mg Quercetin and a daily multi-vitamin.
    After Mr. Bunker created a Facebook group in December of 2020 devoted to experimental recovery from Long COVID, thousands of people from around the world tried the Autophagy Protocol.  Many have shared their experiences – both positive and negative through online posts in the ‘Long COVID – Recover via Fasting / Autophagy’ group.   To collect data on the self-treatment regime, Mr. Bunker created an online Weekly Long COVID Symptom Survey in Dec 2020 and enabled volunteers to track their symptoms and their method of putative autophagy each week.  A PDF detailing the protocol was developed and it includes a list of medicines and supplements to avoid as they are potential autophagy inducers.  Some very common items made the long list.   Statins, Metformin, Ivermectin, Omega 3 Fish Oil, Tumeric extract/Curcumin, MCT Oil etc18–24.   A few medicines were put on the list to avoid as they may block autophagy; namely Colchicine25, the beta blocker Propanolol26 and the anti-malarial drugs Chloroquine and Hydroxychloroquine27.

  
Net decrease in Long COVID symptoms while following the Autophagy Protocol

126 self-identified covid long haulers filled out 2 or more weekly symptom surveys.   After filtering out those that did not report attempting to induce autophagy on at least one-third of their weekly responses, 116 respondents were left.  The demographics were 53% females, 47% males, average age of 41, ranging in age from 20 to 68 years old.   Of those, 76% reported a net decrease in symptoms from their initial survey to their last survey. (Figure 2 Net Change in Symptoms - minimum 33% Autophagy)  The average net decrease in symptoms for these responders was minus 4.8 symptoms.  While the average duration of following the protocol was 7.9 weeks, 15 participants followed it for 20 weeks or more. 
[image: ]
   When filtering out those that induced autophagy less than two-thirds of the weekends 86% of the respondents had a net decrease in symptoms.   After further filtering for those that followed some form of special diet, 90% (46 of 51) of the remaining survey respondents reported a net decrease in symptoms.  69% of this “high compliance” group saw a net decrease of 3 or more symptoms.  49% (25 of 51) of the high-compliance participants saw a 50% or greater reduction in their initial number of Long COVID symptoms.  (Figure 3 Percent Initial Symptoms - 66% Autophagy, Special Diet) The greatest net decreases in symptoms reported were -18, -15 and -15 reported by three participants over 7, 16 and 20 weeks respectively.  Three of the participants reported no Long COVID symptoms.  Note that zero symptoms does not equate to full-recovery.  From the personal experience of one of the authors (TB) and anecdotal reports, even those that get to zero symptoms can relapse. These unexpected relapses typically happen 2 days following moderate or strenuous exercise and can occur even after 12 weeks with no symptoms.   
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Long-term trend of Long COVID symptom   

It is difficult to imagine an adequate control group for a volunteer self-treatment program. Especially when so many “extra” supplements and medicines could be impacting participants ability to induce cellular autophagy.  The next best thing is to simply look at the trend of Long COVID symptoms over time.   If there is a downward trend over time, then that complicates attributing any decrease in symptoms to the autophagy protocol.  On the other hand, if the trend is flat or upward, then any improvements are more likely to be significant.   340 long haulers filled out initial symptom surveys that collected this data.  Overall, the median number of tracked Long COVID symptoms was 11.5.  This is a likely a low estimate as many lower frequency symptoms and symptoms requiring a medical diagnosis were not tracked.    When grouped into those that had Long COVID from 1 to 8 months (11.0 symptoms, n=222) and those that had Long COVID 9 or more months (12.0 symptoms, n=116), there was a 9% increase in the median initial number of symptoms. Figure 4 (Median Number of Symptoms by Months with Long COVID) If significant, this is a concerning trend as many long haulers are already having difficulties functioning at a high enough level to maintain their jobs and to take care of their families.  At the very least, the lack of a downward trend reflects the growing frustration and angst in the covid long haul community and the current lack of effective medical treatments.  Differences in the gender ratio do not account for the slight upward trend (data not shown).
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Median recoveries while following the Autophagy Protocol

There is a pronounced downward trend in the median number of symptoms by number of weeks on the protocol.   Figure 5 (20 Week median Recovery via the Autophagy Protocol).  The survey response dates were used to calculate the number of weeks following the protocol.   The median number of initial symptoms reported was 10.0.   The median number of symptoms reported after 20 weeks of following the protocol was 3.5.   [image: ] This corresponds to a decrease in the median number of symptoms of -0.325 per week.  Notice however that the rate of symptom reduction is not constant, instead it gradually decreases over time.   The week 19 and 20 data points were calculated based on only 20 participant responses while the week 1 and 2 data points were based on 120 and 85 responses.  That is a definite weakness of this analysis; it does not follow the same participants each week.  It could be argued that only those seeing success persist with the protocol.  However, Figure 2 shows that 24% of the participants stuck with the protocol even when they experienced no net decrease in symptoms.  While females began the protocol with a median of 3 more symptoms on average than males, the gender recovery trends converged by 16 weeks.  Females reported a decrease from 11 to 4 (64.0%) in the median Number of Symptoms over 16 weeks.  Males reported a decrease from 8 to 4 (50.0%) in the median Number of Symptoms over 16 weeks.  Figure 6 (Median Recovery by Gender via Autophagy Protocol).  Surprisingly, participants that had been long haulers for 11 months or greater had a better recovery trend line than those than had been long haulers for 10 months or less (data not shown).  
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Characteristics of Autophagy Treatment - Initial Symptom Bump  
 
15.0% of the participants reported an initial net increase of two or more Long COVID symptoms within the first 2 weeks of starting the Autophagy Protocol.     7% of the participants reported an initial increase of 3 or more symptoms with the first 2 weeks of starting the Autophagy Protocol (data not shown.)  Anecdotally, a number of long haulers have reported increased severity of their existing symptoms and new Long COVID symptoms for 3 or 4 or 5 days after their initial short water fast or other autophagy induction method.  Sometimes participants said they had to cut short their planned fast because of the discomfort of their increased symptoms.



Methods of Autophagy - compared for Week 1 vs After Week 1 
 
To compare the relative efficacy of the various methods of inducing putative autophagy in responders, the week to week change in the number of symptoms was used as a gauge.   Responders were defined as those participants that saw a net decrease of 1 or more symptoms.  The underlying assumption is that each symptom has a threshold level of viral debris in a particular tissue or cell type below which the symptom is gone.   If one method of autophagy is more effective than another at degrading viral debris then that should be reflected in the average decrease of symptoms from the previous week’s response.    Note that the weekly surveys were typically done on a Friday while autophagy typically was attempted on Saturday and/or Sunday.     To better account for the initial sudden decrease in symptoms the methods were compared for the first week on the protocol and after the first week on the protocol.  For the first week, both 1.5 day and 2.5 day fasting were similar with an average weekly symptom reduction of -.77 and -.80 respectively.  Figure 7 (Weekly Symptom Reduction by Method -1st week).   The best non-fasting method was Olive Oil with an average -0.33 symptom reduction.    After the initial week, the average weekly rate of symptom reduction reduced for all methods except Quercetin + Resveratrol.    2.5 day fasting and Quercetin + Resveratrol then become the most efficacious with average weekly symptom reductions of -0.54 and -0.38 respectively.  Figure 8 (Weekly Symptom Reduction by Method after 1st week).   It turns out that frequent relapses, i.e. increases in symptoms, dramatically impact the average weekly symptom reduction values.    When relapses, defined as an increase of 3 or more symptoms are excluded from the responses, the average Weekly Symptom Reduction values all increase dramatically.  For example, 2.5 day fasting increases from -0.54 to -1.7 and Resveratrol plus Quercetin increases from -0.38 to -1.29.   Of course, this reflects more what is theoretically possible rather than what is seen in reality, although a very few long haulers did report dramatic decreases in their symptoms.
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Relapses by Gender and Age Group

 Overall, the monthly relapse rate was 39% but varied from 60% for middle-age females to 5% for older males.  Overall females were 2.5 times as likely as males to experience a relapse.   Figure 9 (Percent Relapses per Month by Gender and Age Group) Interestingly, when a relapse was defined as a net increase of four or more symptoms, then younger females had more frequent relapses (48%) than middle-age females (34%).   Clearly the high relapse rate creates a significant (and frustrating) headwind for many covid long-haulers.    When participants were filtered for at least 66% autophagy, the overall relapse rate per month dropped from 39% to 27%.
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Characterization of Long COVID

 Since many with Long COVID have some week-to-week variation in their symptoms, it is important to look at frequency of symptoms reported over a longer course of their illness.    When this is done the frequency of many symptoms by participant increases significantly.   This diagram Figure 10 (Symptom Frequency by Participant)   may prove helpful to assist in diagnosis of Long COVID based on patient symptoms.   It is especially useful if a potential long-hauler tracks their symptoms over a period of a month or two.  Here the average number of survey responses for participants is 5.8.  In this sample of Long COVID symptoms, 16 symptoms occur at a frequency of 50% or greater in participant’s aggregate symptom surveys.  Note that two common early and acute Covid-19 symptoms; fever (8.6%) and anosmia (15.5%) occur relatively infrequently in long haulers.  Also note the relatively frequent occurrence of mental health symptoms; suicidal thoughts (11%), depression (35%), insomnia (66%) and anxiety (69%).  There are a number of Long COVID symptoms not captured below including hair loss, constipation, diarrhea, acid reflux, gall bladder pain, irregular menstrual cycles, blurry vision, increased eye floaters, tooth aches, difficulty swallowing and liver pain.
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Long COVID symptoms that respond to the autophagy protocol
 
At least 20% of the 116 survey participants (that induced putative autophagy in one-third of their responses or more) reported every Long COVID symptom that was tracked as resolved.  Overall, 40% of participant symptoms resolved.  When filtered to the 51 ‘high compliance’ participants that induced putative autophagy in at least 66% of their responses, 48% percent of all symptoms resolved.    Not surprisingly, some symptoms were harder to get rid of than others.  Nerve pain, muscle twitches, fatigue, brain fog, Post Exertional Malaise, chest pain, and tinnitus were reported to have gone away by between 22% and 33% of the participants.  Of the top 20 most common symptoms the ones that most frequently disappeared were difficulty sleeping (67%), difficulty concentrating (64%) and nausea (60%).  Figure 11 (Percent Recovered by Symptom – 66%) These ‘high compliance’ participants saw 23 of the 39 tracked symptoms resolve 50% or more of the time.  Since some long haulers have frequently changing symptoms instead of constant symptoms, a symptom was only marked as recovered if it went away and stayed away for 2 or more weeks and did not reoccur again in subsequent responses for that participant.   All tracked symptoms had a higher recovery rate in the 66% Autophagy group compared to the 33% Autophagy group except for Nerve Pain (22% vs 40%) and Chest Pain (32% vs 36%).   Given the relatively small of participants with these symptoms these differences may not be significant.
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Inverse correlation between pre-Covid activity level and average recovery rates
 
Participants general health and activity level prior to their Covid-19 infection and subsequent development of Long COVID could potentially affect the speed of their recoveries.   To look for a possible correlation the participants were segmented into 4 groups reflecting various daily Activity levels.  Surprisingly, the participants that had been the most active, calling themselves “fitness fanatics” as a group had the worst average recovery rate with a downward slope of only -0.05.  While the group that was the least active, walking 5000 steps or less a day, had the best average recovery rate with a downward slope of  -0.33 on their recovery trend line.   Figure 12 (Recovery by pre-Covid Activity level)  The week 1 responses were excluded for this analysis to get to the more linear part of the recovery curve.   Data points with just a single participant were also excluded from the plot.    Anecdotally, two of the authors (TB and JO) have talked with many long haulers that either had their initial Long COVID symptoms develop after strenuous exercise or that suffered significant relapses after moderate or strenuous exercise.    These reports are consistent with the idea that Fitness fanatics are more likely to attempt to continue their exercise habits, even when not fully recovered from Long COVID.  Interestingly, participants in the older age group of 51 and older had a much better average recovery trend line (slope of -0.33) compared to the younger age groups.   The average recovery trend line for 35 and under was actually positive (slope of 0.05)(data not shown).
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Safety and Side-effects

 Overall, only 1.6% (9 of 571) of the survey responses indicated “Too strong - greater than 12 hours” of inflammation following the induction of putative autophagy.  There have been a few reports of urine turning brown the day after ‘Too strong’ autophagy.   This may reflect clearance of cellular debris after either apoptosis or death of virally infected cells via Killer T cell activation. 168 of 1337 (12.6%) survey responses indicated that participants experienced negative side-effects from the diet, fasting or autophagy induction – other than transient increased inflammation.  One of the rare negative side-effects was clearly fasting related; namely hypoglycemia.   By far the most common complaint was fatigue, increased fatigue or severe fatigue.   The second most common complaint was increased heart rate and dizziness.   The other reported side-effects were consistent with the typical but incredibly varied Long COVID symptoms:  headache, anxiety, difficulty sleeping, muscle aches, shortness of breath, kidney, right-side abdominal pain, nausea, vomiting, gut ache, irritability, sinus/tooth pain, runny nose, diarrhea, allergies, joint paint, PEM, eye issues, slow heat rate, heart palpitations, vertigo, itching, dry mouth and burning sensations. Unfortunately, one 68 years old female whom had already lost 75% of her vision to Long COVID/macular degeneration reported complete loss of vision during her second month on the protocol.  Ironically, this participant reported that overall, her symptoms had improved that week.  The increased inflammation following autophagy induction could potentially be detrimental to those with vision or other sensitive health concerns.	Comment by Jenny Olson: Are you saying that autophagy was responsible?


DISCUSSION

Coronaviruses appear to alter the two main cellular degradative processes, the ubiquitin-proteosome system and the autophagy-lysosome system for their own benefit.  Some viruses are able to hide from the immune system by suppressing antigen presentation both via the ubiquitin-proteosome-MHC class I system and via the autophagy – lysosome – MHC class II system.   SARS-CoV-2 does this by lysosomal targeting and degradation of MHC-I via the viral ORF8 protein28.     Also, the ORF3a protein has been shown to block fusion of autophagosomes with lysosomes by destabilizing the HOPS complex.17ORF7a may prevent the normal acidification of lysosomes further interfering with normal autophagy.     Nsp15 affects the mTOR axis. Additionally, the expression of viral proteins such as envelope (E), membrane (M), ORF3a, and ORF7a result in an accumulation of membrane-associated LC3B, a marker of autophagosomes29.  Together, these perturbations in the autophagic flux likely promote SARS-CoV-2 replication and aid in evasion from immune responses.

It is proposed here that the viral blockage of autophagosome/lysosome fusion, lysosomal degradation and MHC-II viral antigen presentation can be overcome with the periodic induction of strong autophagy.   Further, during autophagy viral RNA can activate Toll-Like-Receptors such as TLR7 in the lysosomes leading to the release of cytokines such as Interferons that indicate viral infection30,31.  Many long haulers report that they can “feel” when autophagy happens (personal communications).  And those that follow the protocol successfully report that their “feelings” of increased localized inflammation - reflecting putative viral protein degradation - gradually decrease over several months of periodic autophagy induction and may go away completely.    This implies that, at least in some long haulers, SARS-CoV-2 viral debris can be successfully cleared from infected cells and tissues over time.  
Autophagy is a key cellular process that degrades damaged proteins and mitochondria in the lysosomes thereby recycling amino acids and other components to provide a short-term supply of nutrients for cellular functions.  Autophagy is triggered by a wide variety of cellular stresses including nutrient deprivation, oxidative stress, imbalance of lipids, hypoxia, and damage to DNA and upregulates or down regulates many cellular pathways to return the cell to a healthy state.   mTORC1, aka mTOR, is a key regulator of cellular metabolism and autophagy32 When the process of cellular autophagy is selective for degradation of viruses via certain adapters, it is known as Virophagy.   It is currently unknown if the putative autophagy induced via the Autophagy Protocol is selective for SARS-CoV-2 virions or proteins.   An exponential-asymptotic trend line fits the average recovery data points better that a linear trend line.  This is consistent with the idea that only a percentage of viral proteins are degraded with each round of autophagy.  It also implies that getting to 10% of the original viral load is much easier than getting to 0.00% of the viral load.    Fasting is well known to induce cellular autophagy33,34.   The nutrient deprivation or shortage of amino acids and glucose causes the body to down-regulate glucose metabolism and switch to burning fatty ketones for fuel.    As liver glycogen reserves are used up, the mTOR protein complex senses nutrient deprivation and the decreased energetic status of the cell via AMPK and initiates autophagy35.  Quercetin has been shown to inhibit mTOR and cause ER stress and induce autophagy via activation of SIRT136.   Resveratrol has also been shown to inhibit mTOR and activate autophagy37.  Recently Resveratrol was shown to inhibit SARS-CoV-2 replication in cell culture38.  Hydroxytyrosol (HT) is a phenolic compound in olive oil that has antioxidant and anti‑inflammatory effects and promotes autophagy39.  Research has revealed that HT can activate the silent information regulator 1 (SIRT1) pathway to induce autophagy40.   Likewise, Niacinamide (aka Nicotinamide) induces autophagy and can help clear damaged mitochondria41.  Likely it boosts cellular NAD+ levels thereby activating the SIRT1 deacetylase and triggering autophagy42.  That people with Long COVID experience similar feelings of increased symptoms from fasting, Olive Oil, Resveratrol plus Quercetin, and many other autophagy inducers strongly suggests that cellular autophagy is resulting in degradation of viral proteins in infected cells in various tissues resulting in increased inflammation due to presentation of viral antigens.  Long haulers are reporting these increased aches and pressure in their heads, sinuses, chests, throats, muscles, guts, kidneys and various other locations.

   It is interesting that 2.5 day fasting shows the greatest average weekly symptom reduction.  It is even more curious that 2.5 day fasting appears to be 2.5 times more effective than 1.5 day fasts after the 1st week on the Autophagy Protocol.   Based on the relative duration of the fasts only a 1.6 fold increase in symptom reduction would be expected.   Fasting initially triggers autophagy via nutrient deprivation sensors and inhibition of mTOR, but after a period of time macroautophagy is down-regulated and chaperone mediated autophagy (CMA) is turned on33.  CMA uses HSP70 as an adapter to directly transport certain cellular enzymes to the lysosome for degradation and recycling of the amino acid building blocks43. CMA also enhances the degradation of Lipid Droplets by targeting them to the lysosome44. Generally, only cystosolic proteins with the KFERQ motif are degraded via CMA.  Most are involved in glucose metabolism.  It would be somewhat surprising if CMA is able to target any of the key SARS-CoV-2 proteins.  Perhaps the increased lipophagy, i.e. lipid droplet degradation, is especially beneficial.  Indeed, in cell cultures, SARS-CoV-2 proteins are associated with lipid droplets and have been shown to promote viral replication45.    Alternatively, the 2.5 day fast could potentially have a more positive impact on the immune system’s anti-viral response.   

    There is a huge need for effective Long COVID treatments.  Anyone wanting to learn about Long COVID from a patient perspective can easily do so by spending a few hours on one of the many Long COVID online forums.  Some of these have over a hundred thousand members.  Few with Long COVID are hospitalized but many are unable to work full-time or properly take care of their families.   Perhaps 14% to 30% of those infected with SARS-CoV-2 go on to be negatively impacted by continuing and new symptoms at 3 months and beyond46,47.  When you factor in the debilitating fatigue, anxiety, insomnia, brain fog, decrease in mental function and general rapid aging associated with Long COVID the human suffering and economic impact is likely many times that of AIDS and influenza put together.  The long-term impact may even prove greater than that of acute Covid-19.   Currently, treatments for ME/CFS such as graded exercise therapy are being tried on long haulers.  Beta blockers, steroids, statins, anti-depressants, anti-anxiety medicines are being prescribed by well-meaning specialists.   But no proven medical treatment exists that addresses the root cause of the long Covid symptoms.  We are in a frightening public health crisis.  One proposed treatment is the FLCCC Recovery protocol.  It is notable that it includes a number of autophagy inducers; Ivermectin20, Fluvoxamine48, Atorvastatin49, and Omega 3 Fish Oil22.   However, the long-term safety of Ivermectin at 0.2 or 0.4 mg/kg taken daily is not well established as Ivermectin has been shown to have cytotoxic effects50,51.   Interestingly, another autophagy inducer, fenofibrate, is showing promise for treating acute covid52–55.  Retrospective studies suggest a beneficial effect for Metformin and Statins on Covid-19 symptoms and survival56–58.  A number of other autophagy inducers are in observational studies or clinical trials for either Covid-19 or Long COVID; Omega 3 Fatty Acids59, Resveratrol60, Fisetin61,62, Quercetin63,64, Rapamycin/Sirolimas65,66, Niclosamide67–69, NAD+70 and Nicotinamide Riboside71.

An important part of the autophagy protocol is dietary changes.  Many long-haulers have symptoms similar to that of Crohn’s disease and impaired autophagy in the lining of the gut could potentially be directly responsible1,6.  Daily, time-restricted eating, avoiding added sugars and processed grains is similar to diabetic diets that strive to minimize spikes in insulin and insulin-like growth factor.   As these are both pro-growth hormones, limiting their production may help to decrease potential viral replication.   Anecdotally, many long-haulers feel much worse if they eat a sugary treat and may have long thin stools afterwards.   As many long-haulers have impaired intestinal function the elimination of all wheat appears beneficial for the majority of long haulers.  In general, the diet recommendations for those with Crohn’s disease or ulcerative colitis are helpful for long-haulers.  Interestingly, a study found that healthcare professionals following diets rich in vegetables, legumes, nuts and fish were less likely to have moderate or severe cases of Covid-19 than those following ketogenic or other high protein/low carbohydrate diets72.

Many long-haulers had only mild cases of Covid-19 prior to developing Long COVID.   And many are young otherwise healthy people.  About three quarters are women.   Many of these were healthy athletic people that resumed strenuous exercise too soon after a mild Covid-19 infection.  The oxidative stress associated with exercise, alcohol consumption, and women’s menstrual cycles suggest that SARS-CoV-2 replication may be triggered by cellular oxidative stress conditions.    Since bats have an extremely high metabolic rate associated with flight, it would make sense that SARS-CoV-2 is adapted for high oxidative stress conditions.

In summary, there are many unknowns surrounding how the Autophagy Protocol is reducing Long COVID symptoms.   Is cellular autophagy in fact degrading virions and/or viral debris in infected cells?   What is the optimum frequency for the induction of autophagy to reduce Long COVID symptoms?  How does twice weekly induction compare to daily or every other day induction of autophagy?  Are existing autophagy inducing prescription drugs like Metformin57,73, Statins, Rapamycin or Niclosamide effective ways to treat Long COVID?  What is the optimum duration and frequency of fasting?    Does chaperone mediated autophagy play a significant role?  Does lipophagy play a key role?  Is there replication competent virus in some long haulers that is responsible for their frequent relapses?   If so, will the SARS-CoV-2 3CL protease inhibitors or nucleotide analogues currently in clinical trials complement the Autophagy Protocol to better treat Long COVID?   So many pertinent questions. Still, this observational study, indicates the potential of periodic fasting and other autophagy supplements to address the root cause of Long COVID by overcoming the SARS-CoV-2 blockade of autophagy, degrading viral debris and better engaging antiviral innate and adaptive immune responses. 
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Symptom Frequency by Participant - all survey responses aggregated
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Caption

How frequently each symptom appears in partipants’ Long Covid experiences. If ‘Fatigue’is reported in 8 of 10 responses for
that participant, it gets checked for that participant. If ‘Skin Rash’ was reported in just a single survey response for a
participant, it also gets checked for that participant. Based on 725 survey responses from 126 participants.
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