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Abstract:

Zinc (II)-immune pediatric virucidal activities for children with 2019-nCoV prevention and COVID-19 bronchitis and pneumonia
are discussed, and these Zn?*-immune pediatric virucidal effects result in the following.

Zinc intakes by zinc induced immunity are required 3 mg/day for 7 month to 3 years, 5 mg/day for 4~ 8 years, and 8 mg/day for 9
~13 years in children. Zinc supplementation have been assessed, from 15 mg to 140 mg/week, with the upper range exceeding the
recommended daily infection (RDI) for children of 2 mg/day for children less than one year of age and up to 7 mg/day for children
between 1 to 3 years.

Zinc induced pediatric preventing respiratory 2019-nCoV is required that supplementation with zinc gluconate 20 mg in Zn deficient
children resulted in a nearly twofold reduction of acute lower respiratory infections as well as the time to recovery. Zinc
supplementation in children is associated with a reduction in the incidence and prevalence of pneumonia. Preventing 2019-nCoV
pneumonia is required that zinc supplementation alone (10 to 20 mg) for more than 3 months significantly reduces in the rate of
pneumonia.

Prophylactic zinc supplementation for two weeks may reduce the morbidity due to acute lower respiratory infections. Zinc gluconate
supplement may result in significant reduction in respiratory morbidity among children with acute lower respiratory infections. In
addition. as serum zinc level of Acute Respiratory Infection (ARI)-children was very low, higher zinc concentration treatments as
low sociodemographic factors, poor nutritional status and male children were prevalently associated with higher incidence of acute
respiratory infections.

Adjuvant treatment with 20 mg zinc/day accelerates recovery from severe pneumonia in children. Primary outcome was recovery
from pneumonia and 30 mg/day of zinc supplementation reduces pneumonia in children with chronic kidney disease (CKD). Zinc
supplementation + Chloroquine (CQ)/hydroxychloroquine (HCQ) may be more effective in reducing COVID-19 morbidity and
mortality than CQ or HCQ in monotherapy. The serum zinc level returned to a normal level (median, 53.20 pmol/L) on day 12+2 in
the treatment. There was no statistical difference in the pediatric critic illness score, lung injury score, length of hospital stay, and
duration of mechanical ventilation between the zinc treatments. The oxidative stress in pediatric diseases causes an oxidative burst
that results in a respiratory burst and rapid ROS production.

Thus, zinc pediatric intake may be required to be effective range 10~ 20 mg/d for 2019-CoV prevention, 10~ 30 mg/d for reduction
of COVID-19 bronchitis, and 20~30 mg/d for recovery from COVID-19 pneumonia, in which Zn?* could bind with viral surface
proteins by Zn?*ions-centered tetrahedrally coordination pattern.

Keywords: zinc-induced immune pediatric intake; 2019-cov prevention; covid-19 bronchitis and pneumonia; serum zinc level;
zn?*-coordinated pattern

Abbreviations:

ARIl=acute respiratory infection, ARDS=acute respiratory distress
syndrome, ALRI=acute lower respiratory infection, BCG=Bacille
Calmette-Guerin, CQ=Chloroquine, CKD=chronic kidney disease,
COVID-19=Coronavitrus  disease-19, HCQ=hydroxychloroquine,
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MERS= Middle East Respiratory Syndrome, NADPH= nicotinamide
adenine dinucleotide phosphate, Nox=NADPH oxidases,
PICU=pediatric intensive care unit, RDI=recommended daily intake,
ROS=reactive oxygen species, RR=Risk Ratio, SARS=Severe Acute
Respiratory Syndrome, SARS-CoV-2=Severe Acute Respiratory
Syndrome-Coronavirus-2, XO=xanthine oxidase.
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Introduction

Epidemiological characteristics and clinical features of pediatric patients
with coronaviruses disease-19 (COVID-19) infection are exhibited that
the infected children had coinfection with other common respiratory
pathogens and the pediatric patients have prolonged fecal shedding of
Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2)
RNA during the convalescent phase that most pediatric patients had
relatively mild disease with good prognosis, which could be seen in
children infected with SARS-CoV respiratory viruses with innate
immunity in response to pathogen [1]. COVID-19 in children is relatively
mild that it is easy to miss the diagnosis in the early stages when present
with a non-respiratory disease. The other, severe COVID-19 can also
occur in children with underlying or coexisting diseases that the
possibility of SARS-CoV-2 infection should be suspected when children
show digestive tract symptoms, especially with a severe systemic
inflammatory reaction, fever and/or exposure history [2]. Pediatric cases
of coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 are relatively fewer cases of COVID-
19 among children compared to cases among adult patients. The mild
disease in children may be related to trained immunity that refers to the
use of certain vaccines such as Bacille Calmette-Guerin (BCG) to train
innate immunity to generate immune memory [3]. On the case of severe
pediatric COVID-19 infection, severe thrombocytopenia and acute
respiratory distress syndrome (ARDS) are presented, including patient’s
severe disease course was associated with thrombocytopenia and elevated
inflammatory markers. The patient’s severe respiratory disease did not
improve on IVIg, steroids, azithromycin, and hydroxychloroquine that
hyperin flammation may be important in the pathophysiology of COVID-
19 severe acute respiratory syndrome. Finally, randomized placebo
controlled clinical trials was used to study drugs like tocilizumab and
remdesivir to include children in addition to adults with COVID-19 [4].

On the other hand, zinc utilization to pediatric antivitus activity becomes
effective for childrrn health that zinc-binding proteins such as the
metallothioneins may possess antiviral roles, although their specific
function remains uncertain [5]. Zinc deficiency is associated with
increased respiratory morbidity. Zinc is an antioxidant that protects cells
from the damaging effects of oxygen radicals generated during immune
activation. The adverse effects of zinc deficiency on the immune system
are likely to increase the susceptibility of children and lead to a zinc-
deficient state. Therefore, zinc supplementation could conceivably
modulate the immune and inflammatory responses to viruses in a way that
are beneficial to the host [6]. The demonstrated preventive therapeutic
effect of zinc in treatment of childhood pneumonia is conflicting. Despite
the earlier observed reduction of treatment failure risk and case fatality in
children with severe pneumonia, a more recent study demonstrated that
Zn supplementation in 2-24 months old children with radiologically
verified pneumonia did not result in significant improvement of risk
reduction of treatment failure. Moreover, Zn supplementation in Zn-
deficient children with pneumonia until achievement of normal serum Zn
levels did not improve clinical appearance of the disease [7].

In this mini-review, firstly, zinc induced intake-immune children are
described, secondly zinc-immune peridiatic virucidal activities for 2019-
nCoV prevention, COVID-19 respiratory ailment and pneumonia are
discussed, and lastly, zinc induced ROS generation in COVID-19
infection is argued, including with molecular mechsnism which Zn?* ions
could bind with COVID-19 RNA viral surface proteins by Zn?*-centered
tetrahedrally coordination pattern.
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Zinc-induced immune children

Zinc intakes by zinc induced immunity are known to be required 3 mg/day
for 7 month to 3 years, 5 mg/day for 4~ 8 years, and 8 mg/day for 9 ~
13 years in children. Zinc deficiency was very mild (3 to 5.0 mg Zn intake
during the zinc-restricted period), the plasma zinc concentration remained
more or less within the normal range and it decreased only after 4~5
months of zinc restriction. The other, zinc concentrations in lymphocytes,
granulocytes, and platelets decreased within 8 ~12 weeks, suggesting that
the assay of cellular zinc provided a more sensitive criterion for
diagnosing mild deficiency of zinc, in which zinc enhances the
upregulation of mMRNA, which in both young adults and elderly subjects,
zinc supplementation decreased oxidative stress markers and generation
of inflammatory cytokines [8]. A range of zinc supplementation has been
assessed, from 15 mg to 140 mg/week, with the upper range exceeding
the recommended daily intake (RDI) for children of 2 mg/day for children
less than one year of age and up to 7 mg/day for children between 1 to 3
years [9].

Zinc-immune pediatric prevention for respiratory ailment
and pneumonia against 2019-nCoV infection

Zn supplementation significantly decreased the incidence of acute lower
respiratory infection (ALRI) defined according to specific clinical criteria
in children aged <5 years that zinc reduced childhood with ALRI, but the
effect was null if lower specificity case definitions were applied.
However, the factor was remained unexplained [10]

Zinc induced pediatric preventing respiratory 2019-nCoV is required as
supplementation with 10 mg zinc gluconate in Zn deficient children
resulted in a nearly twofold reduction of the number of episodes of acute
lower respiratory infections as well as the time to recovery [11]. Among
paediatric populations zinc supplementation for more than 3 months could
be effective in preventing pneumonia in children younger than 5 years of
age, although the evidence was not robust enough to advocate
prophylactic properties if given for shorter periods of time [12]. Given
the rising burden of child mortality due to respiratory infections,
particularly pneumonia, and considering its decreasing impact with zinc
supplementation, further reviews should be considered in which the
effectiveness of zinc supplementation should be assessed for acute
pneumonia provided that cases are well-defined by strict clinical criteria.
Thus, zinc supplementation in children is associated with a reduction in
the incidence and prevalence of pneumonia [13].

Preventing pneumonia is required that zinc supplementation alone (10 to
20 mg), for more than 3 months, was associated with a significant
reduction in the rate of pneumonia by 19%, with Risk Ratio (RR) of 0.81
(95% CI 0.73 to 0.90). Mortality was not statistically different (RR =
0.85; 95% C1 0.65 to 1.11) [14].

Antiviral avtivity of Zn2+ ions for the children with
respiratory COVID-19 infection

The role of zinc for adult patients with 2019-nCoV infection may be
chiefly efficient at the preventions of 2019-CoV, COVID-19 bronchitis
and pneumonia, and at the recovery from COVID-19 acute inflammatory
lung [15]. However, the influence of zinc on children patients with 2019-
nCoV infection may be not necessarily simmilar to adult patients.

Zn supplementation of 30 mg/day in Thai children reduced significantly
severity of acute lower respiratory tract infections resulting in faster
disease cessation and shorter hospital stay [16].
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A decrease of 15% (0.78-0.94) in days and 12% (0.78-0.94) in duration
of episode in acute respiratory infections was observed. Incidence of acute
lower respiratory infections decreased by 62% (0.26-0.36) and the effect
remained for full five months of follow up. Prophylactic zinc
supplementation for two weeks may reduce the morbidity due to acute
lower respiratory infections but not overall rate of acute respiratory
infections in infants aged 6~11 months in similar populations [17].
Effectiveness of zinc gluconate supplementation for 2 months period
compared to placebo in reducing respiratory morbidity in acute lower
respiratory infected children up to 5 years of age living in zinc poor
population. Zinc supplement may result in significant reduction in
respiratory morbidity among children with acute lower respiratory
infections [11].

Serum zinc level was very low (25.19 + 15.49 pgmol/L) with acute
respiratory infection (ARI) children as compared that (55. 51 + 31.15
pgmol/L) with non-ARI children, in which environment and nutritional
status were found to be prevalently associated with higher incidence of
acute respiratory infections and serum zinc content had been varied with
corresponding sociodemograpic, nutritional and health care profile [18].

Antiviral avtivity of Zn2+ ions for the children with COVID-
19 pneumonia

Pneumonia is one of the most common implications of lower respiratory
tract involvement. The pneumonia is an inflammation on pulmonary
parenchyma resulting in exutative solidification of pulmonary tissue of
the effect of zinc on the clinical course of pneumoniain 3 to 60-month-old
children hospitalized in pediatric wards. Adjuvant treatment with 20 mg
zinc per day accelerates recovery from severe pneumonia in children, and
could help reduce antimicrobial resistance by decreasing multiple
antibiotic exposures, and lessen complications and deaths where second
line drugs are unavailable. The mean reduction is equivalent to 1 hospital
day for both severe pneumonia and time in hospital. All effects were
greater when children with wheezing were omitted from the analysis. 20
mg zinc per day can accelerate the recovery from severe pneumonia in
children [19].

The effect of zinc on clinical course of 3 to 60-month children
hospitalized due to pneumonia was assumed that this element (zinc) was
effective in resolving clinical symptoms and duration of hospitalization.
Zinc supplements given during an acute episode are not beneficial in
short-term clinical recovery from severe pneumonia in hospitalized
children. Primary outcome was recovery from pneumonia which included
the incidence and resolving clinical symptoms and duration of
hospitalization [20]. Zinc may bebene-ficial for nutritional status in
children and adolescent with chronic kidney disease (CKD) due to the fact
that participants may have improved their nutritional status through the
slight but significant gain in their body mass, especially with 30 mg/day
of zinc supplementation. 30 mg/day of zinc supplementation reduces
pneumonia in children with CKD [21]. Zinc + Chloroquine (CQ)/
hydroxychloroquine (HCQ) may be more effective in reducing COVID-
19 morbidity and mortality than CQ or HCQ in monotherapy [22]. The
serum zinc level returned to a normal level (median, 53.20 umol/L) on
day 12 + 2 in the treatment. There was no statistical difference in the
pediatric critic illness score, lung injury score, length of hospital stay, and
duration of mechanical ventilation between the zinc treatments [23]. The
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mean serum zinc in patients was normal (80.77 + 25.3 pg/dL) yet, the
mean serum zinc level in pediatric intensive care unit (PICU) patients was
lower than that of general ward patients that the lower the serum zinc
level, the higher the grade of respiratory distress among children with
pneumonia [24]. Moreover, treatment of zinc sulfate plus
hydroxychloroquine may play a role in therapeutic management for
COVID-19 petients without PICU [25].

Zinc-induced ROS generation
ailment and pneumonia

in COVID-19 respiratory

Respiratory viruses are known to induce reactive oxygen species (ROS)-
generating enzymes, including nicotinamide adenine dinucleotide
phosphate oxidases (NADPH oxidases, Nox) and xanthine oxidase (XO)
and to disturb antioxidant defenses. ROS generation can induce cell death
and the release of virions representing possible proviral role of enhanced
ROS production and altered redox balance. The oxidative stress is an
antiviral immune response. Too strong immune responses lead to a
cytokine storm and severe inflammation, which may disturb lung function
and antioxidant supplementation is expected to ameliorate the consequ-
ences of infection [26].

Zinc induced ROS generation in respiratory and pulmonary COVID-19
infected cells is that the univalent reduction of oxygen generates
superoxide *O2~, hydrogen peroxide H20, and hydroxyl radicals *OH, all
of which are reactive oxygen species (ROS). The ROS production and its
elimination by the anti-oxidant defense system in cells is a highly
modulated process for maintaining normal physiological function in the
body, in which the nicotinamide adenine dinucleotide phosphate
(NADPH) oxidases are a group of plasma membrane-associated enzymes
which catalyze the production of superoxide *O2~ from oxygen by using
NADPH as the electron donor. Thus, zinc acts as a potent agent by
inhibition of ROS production and inflammation [27]. The oxidative stress
in pediatric diseases causes an oxidative burst that results in a respiratory
burst and rapid ROS production, including superoxide and hydrogen
peroxide [28]. However, ROS production in zinc (Il )-immune pediatric
patient with COVID-19 bronchitis and pneumonia cannot be elucidated
yet.

In addition, the role of zinc to pediatric vaccine plays an important 2019-
nCoV RNA viral degradation, whether a transcriptional step may be
involved in zinc-caused inhibition of vaccinia virus growth, zinc-ions (at
lower concentration) could inhibit the infection by viral mRNAs
degradation, and zinc-ions could inhibit 2019-nCoV by recruiting both
the 5” and 3> mRNA degradation to specifically promote the degradation
[29].

As mentioned above, Zn?* ions-induced pediatric virucidal activities for
2019-nCoV prevention and COVID-19 bronchitis and pneumonia are
summarily represented in Table 1.

In conclusion, zinc pediatric intake may be required to be effective range
10~20 mg/d for 2019-CoV prevention, 10~30 mg/d for reduction of
COVID-19 bronchitis, and 20~30 mg/d for recovery from COVID-19
pneumonia, in which the molecular mechanism may possess that Zn%*
ions could bind with viral surface proteins by Zn?*-centered tetrahedrally
coordination pattern [30].
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*Zn homeostatic immune
conc 3~ 8 mg/day from
7 month, 3 year to 13
year ages

*Zinc in combination with
CQ/HCQ

- Zinc supplement

prevents acute lower
respiratory infection

- Pediatric preventing

respiratory 2019-nCoV
is zinc gluconate 10 mg

*Zinc supplementation

(10 to 20 mg) prevents
pneumonia in children

*Zinc suplementation

prevents pneumonia of
children 2-59 monthes

-Lower Zn** conc may

be efficient for vaccine
candidate and higher
Zn** conc may prevent
respiratory ailment
and acute pneumonia

months

infections

Zn** Zn? ions induced pediatric antiviral activites for children
ions prevention, and repiratory ailment and pulmonary disease

against COVID-19 infection

Prevention Respiratory infection Inflammatory pneumonia
Zn2t —  Zn* — Zn?, (*02", H202, *OH) — Zn?, (*07, H202, *OH)

- Zinc gluconate 10mg in acute
lower respiratory infection
- Zn supplementation
(30 mg/day) in Thai children
-Prophylactic zinc supplemen-
tation in infants aged 6~11

- Zinc gluconate supplementa-
tion among children with
acute lower respiratory

-Zinc 15 mg~30 mg daily with
lozenges providing direct
protective effects in the
upper respiratory tract.

- Adjuvant treatment with
20 mg zinc per day

*Normal (80.77 + 25.3 pg/dL)

-Adjuvant Zinc Therapy on
Recovery from Pneumonia

* Lower the serum zinc level,
higher the grade of respiratory

distress with children pneumonia

=30 mg/day of zinc supplemen-
tation reduces pneumonia in
children with CKD

-Zn + CQ/HCQ inhibit
COVID-19 infection

-Zinc supplements during an

acute episode are not beneficial
in short-term clinical recovery
from severe pneumonia in
hospitalized children.

Table 1: Zn?* ions-induced pediatric virucidal activities for children prevention, respiratory ailment and pulmonary disease against COVID-
19 infection

Conclusions

Zinc (II)-immune pediatric virucidal activities for children with 2019-
nCoV prevention and therapeutic effect of COVID-19 bronchitis and
pneumonia are discussed, and these pediatric virucidal activity effects
result in the following.

Zinc intakes by zinc induced immunity are required 3 mg/day for 7 month
to 3 years, 5 mg/day for 4~ 8 years, and 8 mg/day for 9 ~ 13 years in
children. Supplementation have also been assessed, from 15 mg to 140
mg/week, with the upper range exceeding the RDI for children of 2
mg/day for children less than one year of age and up to 7 mg/day for
children between 1 to 3 years.

Zinc deficiency was very mild (3 to 5.0 mg Zn intake during the zinc-
restricted period), the plasma zinc concentration remained more or less
within the normal range and it decreased only after 4~5 months of zinc
restriction.  On the other hand, zinc concent-rations in lymphocytes,
granulocytes, and platelets decreased within 8 ~ 12 weeks, suggesting that
the assay of cellular zinc provided a more sensitive criterion for
diagnosing mild deficiency of zinc, in which zinc enhances the
upregulation of mRNA, which in both young adults and elderly
subjects,zinc supplementation decreased oxidative stress markers and
generation of inflammatory cytokines.
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Zinc supplementation reduced the incidence of childhood with ALRI
defined by relatively specific clinical criteria, but the effect was null if
lower specificity case definitions were applied. The choice of ALRI case
definition may substantially influence inferences from community trials
regarding the efficacy of preventive interventions. Zinc induced pediatric
preventing respiratory 2019-nCoV is that specifically, supplementation
with zinc gluconate 10 mg in Zn deficient children resulted in a nearly
twofold reduction of the number of episodes of acute lower respiratory
infections as well as the time to recovery. Zinc supplementation in
children is associated with a reduction in the incidence and prevalence of
pneumonia.

Preventing pneumonia is required that zinc supplementation alone (10 to
20 mg), for more than 3 months, was associated with a significant
reduction in the rate of pneumonia by 19%, with an RR of 0.81 (95% ClI
0.73 to 0.90) when compared with the control group (placebo, vitamins,
other minerals).

Supplementation (30 mg/day) in Thai children significantly reduced
severity of acute lower respiratory tract infections resulting in faster
disease cessation and shorter hospital stay. Prophylactic zinc
supplementation for two weeks may reduce the morbidity due to acute
lower respiratory infections but not overall rate of acute respiratory
infections in infants aged 6~11 months in similar populations. Zinc
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gluconate may result in significant reduction in respiratory morbidity
among children with acute lower respiratory infections in zinc poor
population. In addition. as serum zinc level of Acute Respiratory
Infection (ARI)-children was very low, higher zinc concentration
treatments as low sociodemographic factors, poor nutritional status and
male children were prevalently associated with higher incidence of acute
respiratory infections.

Pneumonia is an inflammation on pulmonary parenchyma resulting in
exutative solidification of pulmonary tissue, having the effect of zinc on
the clinical course of pneumoniain 3 to 60-month-old children
hospitalized in pediatric wards. Adjuvant treatment with 20 mg zinc per
day accelerates recovery from severe pneumonia in children. Primary
outcome was recovery from pneumonia which included the incidence and
resolving clinical symptoms and duration of hospitalization. Zinc
supplementation 30mg/day reduces pneumonia in children with CKD.
Zinc + CQ/HCQ may be more effective in reducing COVID-19 morbidity
and mortality than CQ or HCQ in monotherapy.

The serum zinc level returned to a normal level (median, 53.20 umol/L)
on day 12+2 in the treatment. There was no statistical difference in the
pediatric critic illness score, lung injury score, length of hospital stay, and
duration of mechanical ventilation between the zinc treatments.
Respiratory viruses are known to induce ROS-generating enzymes and
lead to an oxidative stress that the oxidative stress in pediatric diseases
causes an oxidative burst that results in a respiratory burst and rapid ROS
production, including superoxide and hydrogen peroxide.

Accordingly, zinc pediatric intake may be required to be effective range
10~20 mg/d for 2019-CoV prevention, 10~30 mg/d for reduction of
COVID-19 bronchitis, and 20~30 mg/d for recovery from COVID-19
pneumonia, in which the molecular mechanism may possess that Zn?*
ions could bind with viral surface proteins by Zn?*-centered tetrahedrally
coordination pattern.
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