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ABSTRACT

	Introduction & Aims: Lutein is a nutrient that is found in many foods, particularly green vegetables. It has powerful antioxidant properties potentially to relieve oxidative-nitrosative stress in long COVID. Moreover, lutein is a promising natural agent to be used against liver damage.  Our aim is to evaluate whether natural lutein supplementation by organic Extra Virgin Olive Oil (EVOO) can be therapeutic in alleviating liver damage associated with long COVID.  
Presentation of Case: We report a retrospective case study of a long COVID patient where autoimmune hepatitis markers were alleviated in a brief time, after consumption of organic EVOO stable in lutein. A 61-year-old Greek (unvaccinated) woman developed long COVID after SARS-CoV-2 infection. Long COVID symptoms included constipation, chronic fatigue, muscle pain, and blood markers that resembled autoimmune hepatitis (AΙH). High anti-spike protein Immunoglobulin G (IgG) antibodies accompanied the symptoms. Magnetic resonance examination (MRI) was not conclusive for autoimmune hepatitis (AIH) diagnosis. The patient was advised to follow a healthy diet and repeat the examinations. As part of the healthy diet, the patient consumed 24 ml of lutein rich (6.5 mg/Kg) stable EVOO (SEVOO) per day.  After two six months periods of testing, AΙΗ markers were normal.
Discussion and Conclusion: Natural lutein consumption by means of SEVOO helped to alleviate liver damage as shown by the AIH markers and to ameliorate chronic fatigue and muscle pain in a long COVID patient. 
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1. INTRODUCTION 

Lutein is a powerful antioxidant that cannot be synthesized by the human organism but can only be acquired from diet. Lutein has a long history of human clinical trials showing its potential to combat eye disease, and it is regarded as a safe (Generally Recognized as Safe) nutrient to be consumed for a long time period [1]. Exceptional are lutein’s properties against liver damage. Lutein, by promoting lipophagy (a certain type of autophagy), regulates lipolysis and reduces inflammation and oxidative stress in the liver. For these reasons, lutein is considered to be a powerful nutrient to be used in the future against liver steatosis [2].

A recent comprehensive review study has identified the potential beneficial role of dietary supplementation of lutein against oxidative and nitrosative stress in cases of long COVID [3]. The pathogenic role of oxidative stress has long been found to be implicated in liver fibrosis, acute liver injuries, and infectious or metabolic related liver injuries [4]. A recent animal study has identified several key clinical reasons why dietary supplementation of lutein can reduce liver oxidative damage. These include the reduction of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) inflammatory mediation, the restoration of lipid metabolism in the liver and the toll-like receptor 4 (TLR4) induced inflammatory response in the liver. Phenomenologically, lutein works on the restoration of liver-gut axis, by restoring the populations of essential microbial flora (probiotic bacteria) in the gut [5].  

Long COVID develops regularly after SARS-CoV-2 infection (COVID-19). COVID-19 causes type III hypersensitivity reaction and autoimmunity [6]. There have been several recent case studies reporting on de novo AIH following COVID-19 infection [7-10]. Autoimmune hepatitis (AIH) manifestation is considered a severe causality, and its pathogenesis is linked to molecular mimicry [11]. Molecular mimicry due to SARS-CoV-2 spike protein antigens creates autoimmunity and induces anti-spike protein IgG neutralizing antibodies [12]. The connection between gut microbiota and anti-spike IgGs is remarkable. We described recently that lutein, a powerful natural antioxidant, can relieve SARS-CoV-2 spike protein-induced pathology, including autoimmune reactions [3]. We also describe that, preferably, lutein can be obtained by consuming EVOO when its natural content in lutein is highly preserved. It has been recently shown that natural lutein content in EVOO is highly preserved by applying a patented technique of molecular filtration to obtain EVOO that is stable over time [13]. We report a case of a long COVID patient who consumed stable EVOO for six months (6.5mg/kg of natural lutein content), and this helped to alleviate blood markers indicative for liver damage and AIH and lowered the patient’s high IgG anti-spike antibodies. 

2. case description  

A 61-year-old Greek woman, after contracting COVID-19, developed long COVID symptoms of constipation, chronic fatigue, dizziness, headaches/migraines, and intense neuromuscular pain. Initial haematological examination after COVID-19 showed increased eosinophil and neutrophil levels, increased mean platelet volume (MPV) and platelet-large cell ratio (PLCR) (see Table 1). Gamma Glutamyl Transferase (γGT), was also elevated (Table 1). A year before COVID-19, the liver enzymes had been found to be at normal values. Further laboratory examinations after the elevated γGT was detected, revealed intensely elevated levels of alkaline phosphatase (AP) and alanine and aspartate transaminases (SGPT/ALT and SGOT/AST), indicative of liver disease (Table1). To exclude autoimmune-reactivity and AIH, as a consequence of long COVID, the patient was further examined for anti-nuclear-antibodies (ANA), anti-mitochondrial antibodies (AMA) and anti-smooth muscle antibodies (ASMA), and all were found positive, indicative for autoimmunity. Platelet-clotting defect examinations specific for AIH were not performed at that time. Anti double stranded DNA (anti-dsDNA) antibodies were negative (0.1 AU/ml, normal <30 AU/ml), and other blood test values were normal (not shown in Table 1). However, the patient immediately underwent ultrasound and magnetic resonance imaging examinations, and both were negative for liver disease and therefore AIH. However, the blood markers indicated liver damage. Moreover, the patient tested negative for liver-associated infectious diseases (Hepatitis A, B and C viruses). Consulting hepatologists suggested that the patient follow a healthy diet and repeat examinations after six month periods. However, the patient delayed the first six-month evaluation by one month for personal reasons.  Moreover, four months after COVID-19, the patient underwent an anti-spike protein neutralizing IgG evaluation and was found to have an exceedingly high level, 14,967 AU/ml (normal <50). 

[bookmark: _Hlk186882739][bookmark: _Hlk186877714]The patient repeated examinations after two six-month periods (shown in Table 1) and was found to be negative for autoimmune hepatitis markers both times. The patient continued to consume a healthy diet the entire time. For the healthy diet, the patient incorporated the consumption of 24 ml of stable organic EVOO (SEVOO) that contained an amount of naturally derived (from olive fruits) lutein at a stable concentration of 6.5 mg/kg of EVOO per day [13].  The patient was advised not to supplement her diet with any other seed oils. However, she did consume the natural oils and fats contained in full fat Greek Yogurt, in fresh wild fish, organic meats, and cheese. For cooking, only EVOO was used. The patient, after the first month of SEVOO-lutein consumption, claimed that there was a remarkable relief in headaches, migraine and dizziness, and she felt stronger to perform daily house activities. Moreover, the patient noticed relief from fatigue and intense neuromuscular pain after two months of SEVOO-lutein consumption. Although constipation remained, there was a substantial improvement there as well, as the patient revealed. The two six-month laboratory examinations (first, seven months due to the patient’s delay) as appointed from hepatology physicians for ANA, AMA, ASMA, eosinophil, neutrophil, platelet, and liver enzyme evaluations were remarkably improved, causing the patient to lose the diagnosis of autoimmunity, AIH and liver disease (Table 1). The IgG anti-spike protein antibody levels continued to drop also but remained at exceedingly higher-than-normal values. Finally, further examinations indicative of AIH, i.e., serum IgG, clotting defect [activated partial thromboplastin time (APTT, prothrombin time (PT) and clotting time (CT)] were found to be normal (not shown in Table 1). 

Table 1. Measured (raised) hematological indices and autoimmune hepatitis markers in the long COVID patient

	
Blood test values
	I month after COVID-19
Without SEVOO-lutein consumption
	Eight months after 
COVID-19
following six months of SEVOO-lutein consumption
	Fourteen months after COVID-19
following 12 months of SEVOO-lutein consumption

	Eosinophils
Normal values 
1-6 %
	9.0
	6.0
	6.1

	Basophils
Normal values
0.3-1.0 %
	1.7
	1.1
	1.2

	MPV
Normal values 
6-11 fL
	11.8
	11.1
	11.2

	PLCR
Normal values 
13-43 %
	43.8
	43.1
	42.2

	ANA
Normal titre <1:640 dilution 
	        >1:640
	<1:640
	<1:640

	AMA
Normal titre <1:80 dilution
	         >1:80
	<1:80
	<1:80

	ASMA
Normal titre <1:80 dilution
	>1:80
	< 1:80
	< 1:80

	γGT
Normal values
5-36 IU/L
	89
	35
	37

	SGPT/ALT
Normal values
<33 IU/L
	38
	32
	28

	SGOT/AST
Normal values
<32 IU/L

	34
	31
	25

	AP
Normal values
35-104 IU/L
	135
	102
	96

	SARS-CoV-2 spike protein 
IgG antibodies
Normal values <50 AU/ml
	14,976
	6,891
	4.831




3. discussion

[bookmark: _Hlk186884243][bookmark: _Hlk186882010][bookmark: _Hlk186885939]A 61-year-old Greek Caucasian woman developed long COVID symptoms after SARS-CoV-2 infection [14]. The patient suffered from autoimmune reactions after COVID-19. ANA, AMA, ASMA, and liver enzymes were indicative of autoimmunity, liver damage and probably AIH [15]. However, MRI and ultrasound exams were inconclusive for AIH. Therefore, the patient was advised not to follow a prescription-based pharmaceutical therapy, but rather to follow a healthy diet and repeat examinations for AIH after two six-month periods. The sky-high elevated anti-SARS-CoV-2 spike protein antibodies were consistent with molecular-mimicry phenomena, creating autoimmunity after SARS-CoV-2 infection or mRNA (COVID-19) vaccination [16,17]. However, this patient has not been vaccinated for COVID-19.  The patient tested negative for SARS-CoV-2 after 10 days of COVID-19 symptoms. The results after the two six-month periods revealed an exceptional alleviation of autoimmune reactivity, concurrent with significant lowering of anti-spike antibodies (although these remained at considerably very high levels). 

There are cases (about 10%) where a natural course of autoimmune liver reaction is resolved spontaneously. However, these patients are more likely to be candidates for liver transplantation, and this was not the case for our patient [18].  Excessive liver damage was excluded for our patient by consulting hepatologists, due to the results of the ultrasound and liver MRI conducted at the time the autoimmune-inflammatory markers were raised. The concurrent reduction of ANA, AMA and ASMA antibodies pinpoint to a reduction in inflammatory processes in our patient. Lutein is a well-known natural agent that lowers oxidative stress-meditated inflammatory reactions [19].  

This retrospective case study indicates that, in a healthy diet, the consumption of naturally derived (directly from the olive fruit) lutein contained in EVOO nutrient, when its concentration remains stable over time, can be a promising nutritional supplement to lower long COVID symptoms and protect from autoimmune reactions, especially in the liver. Probably due to the increase in antioxidant defenses by lutein, the induction of autoimmunity through oxidative and nitrosative stress was alleviated. Lutein has the potential to alleviate liver steatosis by improving lipolysis and fatty acid metabolism [2]. 
The regulation of autophagy is tightly associated with the progression or amelioration of liver disease [20]. Liver steatosis is reversed by the induction of autophagy-induced lipophagy [21]. Remarkably, lutein, mainly through its potent activities in neutralisation of reactive oxygen radicles (ROS) and stimulation of multiple molecular pathways, activates autophagy (for review see [22]).

[bookmark: _Hlk186885794][bookmark: _Hlk186883227][bookmark: _Hlk186885713]The main pathological factor of SARS-CoV-2, its spike protein, readily mediates inflammation through the activation of TLR2 and TLR4 [23]. TLR2 and TLR4 signaling are a hallmark for autoimmune disease pathogenesis and in liver steatosis. Therefore, as has already been shown in our recent study, lutein can act as a potent inhibitor of TLR2 and TLR4 spike protein-mediated activation and attenuate inflammation caused by NF-κB and activated protein 1 (AP-1) pathways [3].  

[bookmark: _Hlk186881980]Moreover, EVOO consumption, due to its high antioxidant content, has been found to protect from mortality due to SARS-CoV-2 infection and other severe COVID-19 symptoms, and it can also be applied to combat long COVID symptoms, as seen in our patient [24]. Relevant pharmacokinetic studies have shown that, depending on food intake, the bioavailability of lutein in animals can reach levels of 5.2% [25]. It may be the case in our patient that the intestinal absorption of lutein was markedly improved through the food she was consuming. The alleviation of constipation after SEVOO lutein consumption is an indicator of improved intestinal health after COVID-19 and long COVID. Naturally derived lutein in EVOO may have worked as a strong antioxidant and autophagy inducer to alleviate potential liver inflammation in this patient. However, further clinical studies involving more patients will help to clarify this indication.  
 
Spontaneous remission of the autoimmune hepatitis markers cannot be excluded in this case, as this has been described in the literature [18]. Therefore, a continuous monitoring of liver enzyme levels is advisable. 

4. Conclusion
[bookmark: _Hlk186877977][bookmark: _Hlk186882972]The recovery of liver enzymes and autoimmune antibody levels to normal values after a twelve-month period of a healthy diet and consumption of naturally derived lutein in EVOO is remarkable. This long COVID case signifies a future potential role for reducing liver damage and other autoimmune reactions caused by the SARS-CoV-2 spike protein (long COVID) by natural lutein in EVOO when a healthy Mediterranean diet is followed.  Larger scale clinical studies are advised.to further assess and reinforce our clinical findings on whether lutein and/or other active constituents in EVOO help more generally in the alleviation of the autoimmune-liver injury markers. 
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