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Patients with long-term effects of coronavirus disease, the so-
called “long-term COVID-19 syndrome” (long-COVID-19) after
SARS-CoV-2 infection, have a postponed recovery lasting from
4 weeks and up to six months, spread worldwide.

Physiological predictors based on human blood biomarkers
and host-virus responses to SARS-CoV-2 are still unknown.
There is growing evidence about the impact of micronutrients
on improving lymphocyte proliferation and their essential
roles for a functioning human immune system and regulating
metabolic health. This paper aims to review information
about micronutrients in patients with SARS-CoV-2 infection
that determines long-COVID-19 outcomes and highlight the
importance of diagnostics in predictors of long-COVID-19. We
reviewed articles returned from searches on PubMed/SCOPUS/
Web of Science/ EMBASE databases using a combination of
terms “long COVID-19”, “long-term effects of COVID-19”
“post-COVID-19 symptoms”, “COVID-19 associated stress”,
“micronutrients”. Evidence indicates the relationship between
lymphocyte proliferation improving micronutrient level and long-
COVID-19 induction. Zinc, selenium, iron, manganese have an
immunomodulatory function in innate and adaptive immune
responses to viral infection. Anti-inflammatory functions
of Vits A and B groups include the regulation of lymphocyte
proliferation and metabolic health. Further research using
sampling and artificial intelligence-assisted algorithms could
assist in the recognition of the correlation of micronutrients and
long-COVID-19 clinical outcomes.
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Copper, lymphocytes proliferation, Metabolic health.
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Ao3Bin koMicii 3 6ioeTnkun wopo
npoBeAeHHA AOCAIAMXKEHD: A5 LbOro
AOCTIAXKEHHS HEMOTPIGHUN.

®diHaHcyBaHHA: [ocnigxeHHa € dpar-
MEHTOM HayKOBO-A0CNiAHOI po6oTH Ka-
deapu HopmanbHOi @isionorii  JIHMY
iMeHi daHuna Manuubkoro «BuBYEHHS
MeXxaHi3MiB perynauii  iHTerpaTUBHMX
CUCTEM OpraHiaMy B YyMOBaX HOPMMH,
dyHKUIOHaNbHUX po3n1aAiB Ta 3'acyBaH-
HA WANAXIB iX KOpeKLii».

Review

di3sionoriyHi NpeAnKTOpPU AOBroCTPOKOBUX
HacniakiB COVID-19 y nauieHTiB 3 SARS-
CoV-2: ¢poKycC Ha MIKPOHYTPIEHTH, O
nokpauwyroTb nponidepauito nimcpouurie

Codis-Mapia KapxyT?!, IpuHa My3ukal 2, XpuctuHa [xuoesa?,
Map’aHa CaBuubka?l, ApuHa lMoropeubkal, Hatanisa IsaH4yeHKoO,
OkcaHa 3asukiBcbkal, IxoH B. Wnocc*, WaHaop Cabo*™"

1 JIbBiBCbKUI HaLiOHaIbHUI MeANYHWI yHIBepcUTEeT

imeHi aHuna anvybkoro, JibBiB, YKpaiHa

2 KHIT «HoBosiBopiBCbKa sikapHs imeHi FOpis Jlnriv»,

M. HoBosiBopiBCbK, JIbBiBCbKka 06/1., YKpaiHa

AY “JIbBiBCbKMit 0671aCHUI LIEHTP KOHTPOJIKO Ta rpo@inaKkTuku
xBopob MiHicTepcTBa 0XOpOHM 340poB’s YkpaiHn”, JlbBiB, YKpaiHa
TAMEPUKAHCbKNI YHIBEPCUTET MEANYHUX HAYK,

CirHan Xinn, KanigopHisi, CLLA

[1OBrocTpokoBi Hacnigkm KOpOHaBipycHoOi xBopobu, Tak 3Ba-
HOro «mnocTkoBigHoro cnHapomy COVID-19» (long-COVID-19)
nicna iHdikyBaHHa  SARS-CoV-2, nowupunuca no BCbOMY
cBiTy. ®i3ionoriyHi npegnkTopn 6iomapkepiB KpoBi Ta peakuii
B3aeMoaii «Bipycy-rocnogaps» Ha iHdekuito SARS-CoV-2 goci
HeBiAOMi. 3'aBNseTbCa BCe Hinblle AOKa3iB WOAO MO3UTUBHO-
ro BNAMBY MiKPOHYTpPIiEHTIB Ha nponidepauito nimboumTiB Ta ix
BaX/IMBY ponb ANs MYHKUIOHYBaHHS iMYHHOI CMCTEMWU NIOANHMU
Ta perynsauii metabonivyHoro 340poB’a. Y Uil cTatTi po3rnsHyTo
iHdbopMaLlito Npo Te, 5K BMICT MIKPOHYTPIEHTIB Y NauieHTIB i3
iHbekuieto SARS-CoV-2 BM3HaA4Ya€E TpuBasi Hacnigkn 3axBopto-
BaHHA Ha COVID-19. CraTtTi 3 nowyKkoBuX 3anuTiB 6ibniorpa-
¢diuHmx 6a3 PubMed/SCOPUS/Web of Science/ EMBASE 6ynu
nepernsHyTi 3 BUKOPUCTAHHSAM HaCTYMNMHUX TEPMiHiB: “TpuBanui
COVID-19”, “noBrocTtpokoBi Hacniakm COVID-19”, “nocTkoBia-
Hi cumnTomn”, “cTpec, nos’asaHnii 3 COVID-19", “MikpOHYTpi-
€HTWN”. [laHi okepena BKasyloTb Ha 3B'A30K MiX nponidepauicto
niMmpounTiB, BMICTOM MiIKPOHYTPIEHTIB | TPMBAMMKM HacigKaMmn
COVID-19. UunHk, ceneH, 3anizo, MarHin 6epyTtb y4yactb y pe-
aKLiaxX Npupoa)XeHoro i HabyToro iMyHITETY, a TaKoX MakTb
iMyHOMOZetoBasbHy Aito NPOTW BipyCHOI iHdekUii. BiTaMiHn A i
B BonoaitoTb NpoTusananbHUMN QyHKLIAMKN, peryaiym npo-
nidepadito nimpouunTiB i meTaboniam. Moaanblui AOCAIAXEHHS
3 BUKOpPUCTaHHAM 6ionpob i anropuTMiB LWUTYYHOro iHTEneKk-
TY MOXYTb AOMOMOITM Yy pO3MNi3HaHHI B3aEMO3B'A3KY MiX Mi-
KPOHYTpIiEHTaMM Ta AOBroTpUBaiMMU KAiHIYHUMUKU HacnigKkamm
COVID-109.

Knroyosi cnosa: Tpusanuii COVID-19, umHK, ceneH, 3aniso, MapraHeupb, Migb, nponidepauisa nimpo-

uMTiB, MeTaboniyHe 340pOB’S.

** OnpuntogHeHo nig yac 5-ro MixkHapogHoro cumnosiymy «SMART LION». MNepcnekTuBu B MeaMuUMHI Ta rnobanbHe 340-

poB’s, 7-9 xoBTHS 2021 poky.
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Introduction

COVID-19 (coronavirus disease - 2019) is a
highly contagious disease caused by SARS-CoV-2
(also known as 2019-nCoV). More than 80% of
patients with COVID-19 have mild to moderate
illness, and some patients are asymptomatic.
However, between 10 and 20% of patients
require hospitalization due to acute respiratory
distress syndrome and multi-organ insufficiency.
These complications are more common in older
patients and immunosuppressed persons [1-
3]. Overall, the mortality rate for COVID-19 is
about 1-2%, and 4-6% for more virulent strains
of the virus, especially in populations with high
population density. One of the crucial features
of COVID-19 is the development of long-term
effects of coronavirus disease. This condition is
called “long-term COVID-19 syndrome” (long-
COVID-19), which often has no relation to the
airway. Still, it can affect practically any organ
and induce multiple systemic organ damage
based on endothelial dysfunction [4,5].

Most of the symptoms of long-COVID-19 result
from damage to the central and peripheral
nervous systems, including the involvement of
MRC1—microglial subpopulation as the result of
an increasingly inflamed central nervous system
(CNS) environment, specifically, the choroid
plexus [6] and stress [7,8]. It is not surprising
that the new disease created confusion, panic,
and chaos that almost predictably led to stress
[9,10]. Stress reactions are often the side
products of economic problems or complicating
factors, especially in long COVID-19. This global
pandemic situation has harmful economic
consequences. The World Bank report of June
8, 2020, states that COVID-19 produced “the
fastest, steepest downgrades in consensus
growth projections among all global recessions
since 1990” [11]. Thus, preventive measures for
long-COVID-19 are vital elements for mitigating
the pandemics - individual lifestyle, which
impacts their well-being - however, several
questions about the physiological background
of long COVID-19 causes are lacking. Based on
the current evidence, this review will discuss
physiological predictors and focus on the role of
micronutrients that impact the improvement of
lymphocyte proliferation and could determine
long COVID-19. Their identification could help
create appropriate personalized precisive,
preventive, and diagnostic management
strategies for patients with long-COVID-19.
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Our study aimed to search the latest information
by screening scientific literature in multiple
databases including PubMed, Scopus, Web of
Science, and EMBASE platforms, to identify
relevant studies, using keywords like “long-
COVID-19”, “long-term effects of COVID-19”,
“post-COVID-19 symptoms”, “COVID-19-
associated stress”, “micronutrients.” Studies
were included in research when they met the
following conditions: conducted on adults (age
> 18 years), published in English. The following
studies were excluded: studies with children,
nonhumans, cross-sectional and uncontrolled
studies, vitamins C, D, and E effects on
immune system improvement, which have
been widely discussed in the literature recently.
The publication dates of most of the selected
articles are between 2007-2021 [fig.1].

Potentially relevant
articles identified by
keywords which were
included criteria
(M =2 490 000 )

'

Excluded criteria for studies
based on the following
criteria;

Nonhumans weren’t included
Children weren’t included
Cross-sectional and
uncontrolled studies
Abstract’s meetings
Vitamins C, D, E effects the

immune Mproving

Articles included in the

TEvieEw

(N=43)

Figurel. Flowchart illustrating number of reviewed studies
associated with lymphocyte proliferation improving in long
COVID-19 screened with included and excluded criteria

Prevalent clinical manifestation of long
COVID-19

The most common long-term consequences af-
ter SARS-CoV-2 infection are a wide range of
signs, including muscle pain, fatigue, and vari-
ous mental disorders, such as anxiety and de-
pression, memory disorders, hair loss, anosmia,
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ageusia, and hearing loss and sleep disorders
[12]. Some patients who needed hospitalization,
even after six months of recovery, experienced
one or more disease symptoms. Long COVID-19
has a significant effect on the brain, causes anx-
iety. Recent studies indicate that 30% of live-
in survivors were diagnosed with psychiatric
or neurological conditions within six months of
infection [13]. Nerve signs and symptoms of
long-COVID-19 may include fatigue, myalgia,
headache, cognitive impairment (“brain mist”).
At the same time, anxiety, depression, sleep
disturbance, and post-traumatic stress disor-
der occur in 30-40% of patients who survive
COVID-19 [14]. Pathophysiological mechanisms
of long-term complications of COVID-19 include

microvascular thrombosis, impaired immune
regulation, and inflammation [2,7,12]
Other organ systems participating in long

COVID-19 include respiratory, cardiovascular,
hematological, gastroenterological, endocrine,
and renal systems [15]. No studies show phys-
iological changes that could play a crucial role
in inducing the long COVID-19 syndrome.

Micronutrients as physiological predictors for
the long COVID-19 syndrome

The speed and quality of the body’s immune
response depend on several factors. In par-
ticular, the lifestyle-related physical activity,
which is important for releasing anti-inflam-
matory myokines [16], quality and quantity
of sleep [17], and the necessary level of mi-
cronutrients, responsible for virus-host defen-
sive responses [18]. For example, the rate of
proliferation of lymphocytes depends on sev-
eral micronutrients, including trace elements
and metabolic compounds, and if they are not
available in sufficient quantities, human im-
mune defense declines [19]. Micronutrients
are known to affect the lymphocyte prolifer-
ation rate. Table 1 contains those that affect
the immune system the most: Zinc [20], se-
lenium [21], iron [22,23], copper (Cu) [24],
vitamin A [25], manganese (Mn) [26], biotin
(B7) [27], thiamine (B1) [28].

Updates on the impact of micronutrients
on immunity patients with SARS-CoV-2

COVID-19-associated stress could modulate
cellular or organic integrity by declining nat-
ural redox-based functions, such as intercel-
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lular communication, vascular homeostasis,
cell cycle, metabolic and bioenergetic signal-
ing networks. They could induce a reciprocal
relationship between the interaction of redox
system agents and low-grade inflammation or
metaflammation (inflammation with associat-
ed metabolic disorders) [38,39]. Since signif-
icant redox agents are involved in endothelial
homeostasis during its injury in COVID-19,
there are essential sulfur-containing metabo-
lites for Hydrogen Sulfide production, L-argi-
nine containing metabolites for Nitrogen Oxide
(NO) production, tryptophan, lysine, arginine.

Some studies have shown a direct correlation
between micronutrient deficiencies (e.g.,
zinc) responsible for the immune response
and mortality from COVID-19 (fig. 1) [40-41].
Another essential micronutrient, selenium,
has a similar clinical correlation with mortality
and morbidity associated with COVID-19 [42].
However, 25% of Americans surveyed using a
lymphocyte proliferation assay had a deficiency
of five or more basic micronutrients. Most
Americans (98%) have at least one deficiency,
and about 33% have zinc deficiency [43]. It
is well-known that micronutrient deficiency
causes pro-inflammatory microbiota, which, in
turn, affects the brain-gut axis and promotes
stress-associated response, causing the body’s
defense resources to change. Thus, there is
an urgent need to study predictors of changes
in natural defensive reactions and functional
reserve of the body, which form individual
prerequisites for long-term COVID-19. There
is a need to establish a quantitative correlation
between nutritional deficiency and the severity
of clinical signs of long COVID-19. Establishing
a quantitative relationship between micro
nutritional deficiencies and long COVID-19
recovery prognosis will determine their
optimal correction and future use for the long
COVID-19 prevention, clinical diagnosis, and
treatment protocols.

The complexity and multifactorial origin of long
COVID-19syndromerequireaninterdisciplinary
research approach, powerful enough to provide
reliable shreds of evidence for detecting their
predictors related to lymphocyte proliferation
improving micronutrients. Appropriate use of
micronutrients will create better health care
policies for the long COVID-19 syndrome.
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Table 1
Benefits of micronutrients for lymphocytes proliferation improvement
using immunity and metabolic effects
Micronu- | Effects on lymphocyte prolifer- | Effects on others functions Effects on metabolic health
trients ation
Zinc lZinc reduces the number of lym-||Zn correlates with glycated |1Zn improves glycemic control in T2DM
(Zn) phocytes, disrupts lymphocyte de-| hemoglobin and is associated | [29]
velopment, with inflammatory bowel dis- | 1Zn improves glucose tolerance, HOM-
|proliferation, tapoptosis, ease [29] Abeta,
and thymic atrophy; lhyperglycemia, IR, glucose intoler-
LIL-2 production by helper T cells, | |Zn enhances liver damage, | ance, obesity [31];
and defects in T cells subpopula-| leading to 1 glucose uptake, GLUT4 translocation,
tions [20] tserum ALT, accumulation of || both gluconeogenic enzyme activities,
lipids in the liver, oxidative| as well as insulin signaling inhibitors,
injure, inflammation [30] | cytokine production, activation of
NFkB [29]
Selenium [ 1Se associated with CD4+ T cell||Se links to changes in cellular | |Se and 1Se
(Se) activation, distribution, and varia-| metabolism, oxidative stress |status linked to IR, T2DM;
tion; inducing Th1l phenotype; and inflammation [29] |Se associated with
1Se cytotoxicity of CD8+ T cells [21]; serum insulin
1the activity of NK cells; 1 insulin sensitivity, antioxidant activat-
preserving T cell expansion — ing [29];
T cell-dependent antibody making —
avoiding the vasoconstriction and | Related to beta-cell oxidative damage
changes in blood coagulation [21] [29]
Iron (Fe) | [Fe leads to suppression of lym-|Plays an essential role in me- | |Fe — Anemia;
phocyte proliferation; tabolism as a component of | |The cellular response to hypoxia is dis-
Fe uptake via TfR1 is essential for B| some proteins and enzymes; | turbed [22]
and T cell responses [22]; Involved in oxygen transport,
lymphocytes need Fe for the suc-| DNA synthesis, energy pro-
cessful cellular and humoral re-| duction, electron and oxygen
sponse [22] transport [22]
Copper || Cu leads to |T cells activation and | 1Cu has antioxidant activity 1Cu is associated with T2DM, IR, BMI,
(Cu) lIL-2  production; T2DM risk are associated with Cu/ce-
breaks T and B cellular responses ruloplasmin [32];
to mitogen stimulation [24] 1Cu —
thepatic lipid/TAG content, lipogenic
genes [29]
Vitamin A | Vit A induces T cell Migration IVitA — Vit A — tbeta cell
(Vit A) |and CD169+ macrophage develop-|inflammation and damage gut | apoptosis — glucose intolerance — |in-
ment [25]; barrier integrality — impairs| sulin reaction, [29];
necessary for regulatory T cells and | insulin sensitivity and blood | |beta-cell mass;
promotes IL-22 synthesis [25] glucose regulation [29] 1Vit A is associated with insulin sensi-
tivity [33];
|visceral adiposity
1 RBP1 in T2DM and obesity [29]
Man- Mn2+ ions antagonize the Ca2+ IMn related with IBD [29]; IMn is associated with1T2DM risk via
ganese influx; [26] tcolon damage — intestinal IR — glucose intolerance [29];
(Mn) Mn supplementations maintain leak — T™Mn —
macrophages viability, decrease |tinflammatory cytokines — tinsulin production,
in intracellular Reactive Oxygen 1 oxidative stress — 1DNA | tantioxidant activity — |pancreatic
Species (ROS) damage — |BMI [34] oxidative injury — | renal lipid per-
and NO level [26] oxidation [29]
Biotin | |Vit B7 —| T regulatory cells, enhanc- | | Vit B7 is associated with Vit B7 —| blood glucose, | glucose
(Vit B7) es differentiation of CD4+ T cells dysbiosis, Alopecia [29] utilization and lipogenesis [35]
on the way to Thl and Th17 cells; |1Biotin is associated
tlevels of proinflammatory cyto- with lower visceral fat mass
kines IFN-y, IL-17 and TNF [27] [29]
Thiamin | |Thiamine — upregulates microgli- || Thiamine Necessary for ideal insulin secretion
(Vit B1) al cell CD40 expression [28] — hyperglycemia-induced GI [29];
injury— neurological disor- || Thiamine — diabetes [37];
ders [36] 1 Thiamine enhances glucose toler-
ance, |fasting blood glucose [29]
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Normal

— Zinc associated with lymphocyte proliferation

Review

Deficiency

— |, Zinc associated with J.1L-2 production

— Selenium associated with CD4+ T cell activation

— lroninvolved in oxygen transport

— Copper has antioxidant activity

. «lSelenium associated with oxidative stress and
inflammation

- Iron associated with suppression lymphocyte
proliferation

J.Copper associated with . IL-2 production

— Vitamin A necessary for regulatory T cells

— Manganese ions antagonize the Ca2+ influx

J-Vitamin A associated withl, gut barrier integrity

J Manganese associated with “*Insulin production

Biotin is needed to metabolize fat,
carbohydrates and protein

J.Biotin associated with | T regulatory cells

— Thiamin is essential for glucose metabolism

Mild COVID-19 Severe COVID-19

JThiamin upregulates microglial cell CD40
expression J

LI g o S o AT e ) o IO

Critical COVID-19

Long COVID-19

Figure 1. Micronutrient deficiencies correlate with critical COVID-19 and long COVID-19

Study limitation and future directions.
According to the European Association of
Clinical Microbiology, 45% of antibiotics
prescribed since the start of the COVID-19
pandemic, have been unsubstantiated.
The use of multiple antibiotics leads to the
development of antimicrobial resistance and
disruption of intestinal microbiota. Disruption
of the gut microbiome can lead to irritable
bowel syndrome and psychological disorders,
such as depression, adjustment disorders,
and anxiety. However, potentiating negative
impact of irrational antibiotic therapy on the
development of long COVID-19 syndrome is
still unknown. Thus, complex micronutrient
testing and gastrointestinal microbiota
investigation will lead to better health care
management of long COVID-19.

Abbreviations Used:

e GSH - glutathione

e GSSG - glutathione disulfide

e NAD/NADH - nicotinamide adenine dinucle-
otide

e NADP/NADPH - nicotinamide adenine dinu-
cleotide phosphate

e ATP/ADP/AMP - adenosine triphosphate/ ade-

nosine diphosphate/ adenosine monophos-

phate

CD40 - cluster of differentiation 40

T2DM - type 2 diabetes

HTN - hypertension

IBD - inflammatory bowel disease

DNA - deoxyribonucleic acid

TAG - triglycerides
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