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Abstract: As the 2019 coronavirus disease (COVID-19) pandemic rages, there is an urgent need to identify clinical and
laboratory predictors for progression to severe and fatal forms of this disease. In this study, we aimed to evaluate the potential
ability of a nutritional supplement to normalize certain hematological, biochemical and immunological biomarkers in patients
with and without symptoms of COVID-19. Micronutrients, such as nutritionally essential vitamins and minerals, influence and
support every step of the immune response. This investigation was performed by administering a dietary supplement rich in
calciferol (vitamin D3), ascorbic acid (vitamin C), folic acid (vitamin B9) and pantothenic acid (vitamin B5) to the enrolled
patients for 120 days. All essential elements for a complete physiological enzymatic process. The reported results appear
promising from the point of view of the experimental approach adopted. In particular, the scheduled administration of the
nutritional supplement rich in micronutrients to asymptomatic and mild to moderate COVID-19 patients has led, in general, to
the normalization of the values of some critical biochemical and immunological parameters found to be altered. This nutritional
approach, although it does not resolve the disease and therefore does not represent a cure, can improve the quality of life of
COVID-19 patients.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2  cancer patients, etc. are at higher risk for hospitalization and

(SARS-CoV-2) is spread primarily by aerosols in enclosed
environments where temperature and humidity are regulated
by air conditioning. Approximately 30% of individuals
infected with SARS-CoV-2 develop COVID-19 disease. Of
these, some require hospitalization. Individuals over 65 and
those with obesity, diabetes, asthma, immunocompromised

death from COVID-19 [1]. Healthy individuals younger than
40 years of age very rarely die from COVID-19. Estimates of
COVID-19 mortality rates vary because the definition of
COVID-19-related deaths varies. Countries that include only
patients, in whom COVID-19 was the leading cause of death,
rather than a co-factor, have lower mortality rates. Patients
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with COVID-19 may be at risk for malnutrition due to reduced
food intake and reduced mobility as a result of their hospital
stay. For these reasons, nutritional therapy is an integral part of
the approach to the COVID-19 patient. Optimal nutritional
intake, coupled with life support therapy, has the potential to
improve the outcome of patients with this life-threatening
disease, with better and shorter recovery from the acute phase.
The nutritional status of the COVID patient and the nutritional
therapy to be applied, have met with limited interest in the
medical field [2]. Several scientific publications have
attempted to provide an overview of functional foods and
dietary supplements, which are useful in boosting the immune
system and thus be helpful in reducing the adverse effects of
COVID-19 and/or improving the patient's overall condition
during therapy [3]. Since the role of these functional foods in
strengthening the immune system has been widely highlighted,
our research aimed to evaluate the potential function of a
multifunctional dietary supplement with evident positive
properties in improving the quality of life of patients
debilitated by different diseases [4]. Of further importance,
within the goal of improving the quality of life of the COVID
patient is the search for clinical markers that may offer useful
indications to evaluate the general state of the patient [5]. As
the catastrophic repercussion of COVID-19 continues to
spread worldwide, it is imperative to explore biochemical
markers that can be used to monitor disease severity in
COVID-19 patients. Previous studies have demonstrated that
interleukin-6 (IL-6) values and other biochemical parameters
of symptomatic patients, such as C-reactive protein (CRP),
lactate dehydrogenase (LDH), liver function assessed by
serum glutamic oxaloacetic transaminase (SGOT) and serum
glutamic pyruvic transaminase (SGPT), hemoglobin (HGB),
the percentage ratio of red blood cells to the fluid component
of blood, plasma (HCT), platelet value (PLT), erythrocyte
count (RBC), and white blood cell (WBC) were drastically
altered. Therefore, these markers could be explored to collect
useful data to predict prognosis in COVID-19 patients in the
early stages, so that specific therapeutic interventions can be
taken early [6]. Attempts to bring these biochemical
parameters back to normal in COVID-19 patients have not
been sufficiently addressed at present. Our research work
aimed to evaluate the possibility of modifying these clinical
parameters through a nutritional supplement capable of
interacting with cellular metabolism. The experimental
approach we present does not aim to cure the COVID-19
patient, but to improve his general physical condition, to face
the disease in the best possible way.

Functional foods are defined as "dietary elements
modulated to perform one or more targeted actions in the
organism," so, in addition to providing nutrients and energy,
they also provide their benefits in the diet during effective
treatment in disease, improving the physiological response
and/or reducing disease risk [7]. Many foods and functional
components are natural compounds, that have been
scientifically described to possess immune-boosting
properties [8]. Although these natural compounds do not
participate in the direct inhibition response against

coronavirus, they stimulate the patient's immune system and
therefore play an essential role in the preventive defense
against COVID-19. Recent studies have reported the use of
many prebiotics, probiotics and dietary supplements as natural
aids capable of reducing the level of oxidative stress in the
body, strengthening its immune response [9]. These functional
nutritional elements, including probiotics and micronutrient
supplements, help maintain a healthy gut by supporting the
microflora and bacterial colonies, claiming immune-boosting
properties. Micronutrients, probiotics, flavonoids, carotenoids
and medicinal herbs, have been reported beneficial for
immune health. Some studies have also suggested the
essential need to develop specific functional nutrient-based
foods that may play a vital role in combating metabolic
disorders, infections, or diseases [10]. Micronutrients,
including vitamins and minerals, are the biological or
biochemical compounds required in relatively small or trace
amounts that participate in essential metabolic reactions and
biochemical pathways. The deficiency of such compounds
leads to disturbances of function in our body, which results in
weakened host immune response [11]. These widely described
properties, for nutritional supplements could be valuable in
the immune defense of COVID-19 infected individuals. The
purpose of the research presented here was to evaluate the
effects of a commercial nutritional supplement on
hematologic, biochemical, and immunologic biomarkers in
patients asymptomatic and symptomatic for COVID-19.

2. Experimental Protocol

Volunteers selected for the project were examined using a
World Health Organization (WHO)-approved protocol
regarding diagnostic testing for SARS-CoV-2, developed by a
team of virologists at the Charité University Hospital in
Germany. Volunteers included in the project did not require
lung ventilation. Investigations of biochemical parameters
included CBC: RBC, WBC, PLT, HGB, HCT, hepatic function
test of SGOT and SGPT transaminases, assessment of LDH,
CRP, and IL-6 interleukin. These investigations were
performed at the beginning of the experimental protocol and
during all subsequent monthly controls, up to 120 days of
treatment with Citexivir (Citozeatec AIC Code: 927091544).
Patients were advised to use other useful personal care
products. The inclusion in the trial required the preparation of
patients to the method of administration of Citexivir,
according to a specific nutritional protocol. Volunteers have
completed the therapy in the home environment according to
the rules of quarantine, respecting the rules of prevention
necessary for other family members. Any sign of worsening of
the patient's health status required immediate hospitalization
and exclusion from the project. Specialized health personnel,
equipped with all medical safety devices, collected the data
related to the results of the planned biological sampling. The
partial pressure of oxygen in arterial blood/fractional
concentration of inspiratory oxygen (PaO,/FiO,) was
calculated. Group A: 30 volunteers infected with COVID-19
(controlled by nasopharyngeal molecular swab) with no
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apparent symptoms, aged 37-55 years defined as
asymptomatic (AST). Group B: 30 volunteers infected with
COVID-19 aged 40-60 years (controlled by nasopharyngeal
molecular swab) with non-severe but obvious symptoms of
infection (body temperature above 37.5°C, cough,
conjunctivitis and shortness of breath) not subjected to
pulmonary ventilation, defined as symptomatic (ST). The
category of ST was defined based on the following criteria:

dyspnea, respiratory rate >30/min, oximeter oxygen saturation
<95% in the resting state, and arterial oxygen partial pressure
(Pa0,) at inspired oxygen ratio fraction (FiO,) <300 mm Hg.
In this group, PaO,/ FiO, values were significantly lower than
those in the AST group. All personal data were obtained from
the patients' history and collected in electronic medical
records respecting privacy criteria. Body temperature was
determined at the beginning of the trial (Figure 1).
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Figure 1. Changes in body temperature of examined patients determined at time 0 and compared with that of normal volunteers. *Peak values in symptomatic
patients.
parameters examined, following the administration of

3. Results

Patients with COVID-19 may be at risk for malnutrition due
to reduced food intake and reduced mobility as a result of a
forced hospital stay. For these reasons, nutritional therapy is
an integral part of the approach to the COVID-19 patient.
Optimal nutritional intake coupled with life support therapy is
intended to improve the outcome of patients with this
life-threatening disease, including a better and shorter
recovery from the acute phase. The nutritional status of the
COVID patient and the nutritional therapy to be applied have
currently met with limited interest in the medical field. The
results we present in this report appear promising from the
point of view of the experimental approach taken. In general,
all biochemical parameters examined showed changes
following COVID-19 infection in both AST and ST. In
particular, the following parameters showed increased values:
RBC (AST:+42%; ST:+17%) (Figure 2B) SGPT (AST:+41%);
ST:+127%) (Figure 2D); LDH (AST:+60%; ST:+275%), IL6
(AST:+75%; ST:+200%) and CRP (AST:+50%; ST:+150%),
(Figure 3 A, B, C). In contrast, decreased values were found
for HCT (AST:-17%; ST:-39%), PLT (AST:-7%; ST:-49%),
WBC (AST:-20%; ST:-80%) (Figure 2 A, B, C) and HGB
(AST:-33%; ST:-53%), (Figure 3D). The only variant was
SGOT with values lower than control in AST (-23%) but
higher in ST (+157%), (Figure 2D). The scheduled 120-day
administration of the dietary supplement Citexivir to AST and
ST patients with COVID-19 led, in general, to normalization
of the values of some investigated clinical parameters (Figures
2, 3). The only exception was observed for RBC, which after
120 days of treatment normalized in AST but remained
slightly higher in ST patients (Figure 2B). Notably, the
positive effect of treating both AST and ST patients with the
adopted nutritional supplement is evident.

The percentage changes observed at the end of treatment of
COVID -19 AST and ST patients compared to the initial
values, highlight the normalization of all biochemical

Citexivir, included in the prescribed diet for 120 days (Figure
4). The values found after 120 days of treatment, compared
with those of the controls, were as follows: SGPT (AST:-32%;
ST:-20%) (Figure 2D); LDH (AST:+11%; ST:+84%), IL6
(AST:+13%; ST:+50%), and CRP (AST:+40%; ST:+60%),
(Figure 3 A, B, C); HCT (AST: -20%; ST:-10%), PLT
(AST:+13%; ST:+9%), WBC (AST:-5%; ST:-21%), RBC
(AST:-14%; ST:+7%), (Figure 2 A, B, C) and HGB
(AST:-33%; ST:+17%), (Figure 3D). The only variant was
SGOT with values lower than control in AST (-8%) but
slightly higher in ST (+25%), (Figure 2D). Two parameters in
particular (HGB and CRP), in the ST patients appeared to
increase, exceeding the value of the controls (Figure 3D). As
can be seen from the data presented, a marked lymphopenia
was observed in ST patients, which was significantly reduced
in AST and mitigated in ST after 120 days of treatment with
Citexivir (Figure 2B). Lymphocytes play a crucial role in
maintaining immune homeostasis and the inflammatory
response throughout the body. Understanding the mechanism
of reduced blood lymphocyte levels should provide an
effective strategy for the treatment of COVID-19. The virus
may directly destroy lymphatic organs. The acute decline in
lymphocytes could be related to lymphocyte function, and
direct damage by the new coronavirus virus to organs such as
the thymus and spleen cannot be ruled out. In conclusion,
lymphopenia is an effective and reliable indicator of severity
and hospitalization in COVID-19 patients [12].

4. Discussion

Many people of all ages have one or more micronutrient
deficiencies. Micronutrient supplementation may play an
important role in increasing resistance to infection by
improving immune function [13]. The main objective of this
research was to expand our current knowledge on the
effectiveness of micronutrients in supporting immunity,
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particularly regarding respiratory virus infections. It is now
recognized that an adequate nutritional status is crucial for the
development, maintenance and expression of the immune
response [14]. Micronutrients, such as nutritionally essential
vitamins and minerals, influence and support each stage of the
immune response. Micronutrient deficiency can affect both
innate and adaptive immunity, causing immunosuppression
and thus increasing susceptibility to infection [15].
Furthermore, infections and inadequate nutritional status

have a synergistic relationship. The same immune response to
an infection exacerbates poor nutritional status and causes
increased micronutrient demand [14]. Viral infections are a
major cause of morbidity and mortality worldwide [16], as
demonstrated by both seasonal influenza and the recent
outbreak of coronavirus disease 2019 (COVID-19) caused by
the new severe acute respiratory syndrome coronavirus 2
(SARS- CoV-2) [17].
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Figure 2. Change in initial values of biochemical parameters in COVID-19, AST, and ST patients compared with those observed after 120 days of Citexivir
treatment. A: HCT; B: RBC/WBC; C: PLT; D: SGOT/SGPT. Values represent mean +SD of data collected monthly. P<0.05

A well-balanced diet is essential to achieve an optimal
intake of all essential vitamins and elements. However, in the
general population and even in more developed countries, it
can be difficult to obtain an adequate intake of micronutrients
compared to the recommended daily intake (RDA). This study
showed that the levels of some biochemical, hematological
and inflammatory parameters in the blood of AST and ST
patients infected with COVID-19 appeared significantly
altered, to the point of triggering the release of inflammatory
mediators that can potentially cause immune damage targeting
the lungs and other related organs. The inclusion in the diet of
Citexivir for a period of 4 months has changed the biochemical
parameters examined in both AST and ST patients bringing
these values close to normal. In particular, elevated levels of
CRP, IL6, LDH, WBC, SGOT and SGPT were found. The
data obtained showed that CRP levels increased in AST
patients and reached higher levels in ST patients. CRP is
related to inflammation and its concentration is not affected by
factors such as age, sex, and physical condition [18]. Since
CRP levels were positively correlated with the presence of
lung injury, it was suggested that in the early stage of

COVID-19, CRP levels could be considered useful as
diagnostic data and can be used for the early diagnosis of
pneumonia [19]. Our results suggest that a CRP> 14 mg/L
should prompt investigation for pneumonia. The possible
explanation for the observed increase in IL-6 particularly in
ST patients could derive from the mechanism related to the
2019-nCoV virus which, infecting the human body, enters the
cell via the angiotensin converting enzyme 2 receptor (ACE2).
This makes immune cells overactive and produces numerous
inflammatory factors, to generate an inflammatory storm.
These series of events induce a systemic inflammatory
response syndrome (SIRS) along with acute respiratory
distress syndrome (ARDS) and multi-organ dysfunction
syndrome (MODS). A study on the level of inflammatory
factors in the early phase of septic shock showed that the level
of IL-6 in patients with septic shock was significantly higher
than that in patients with no sepsis and IL-6 was an
independent risk factor for septic shock [20]. However, IL-6
cannot distinguish bacterial infection or viral infection, and in
addition, some noninfectious factors such as trauma and
surgery may cause an increase in IL-6.
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LDH is an intracellular enzyme present in cells of almost all
organs, which catalyzes the interconversion of pyruvate and

lactate, with concomitant interconversion of NADH and
NAD+ [21].
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Figure 3. Change in initial values of biochemical parameters in COVID-19, AST, and ST patients compared with those observed after 120 days of treatment with
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LDH is a reliable marker of hemolysis. Some large-scale
retrospective studies indicate that the LDH assay is
exceptionally accurate in selecting severe from mild cases of
COVID-19. LDH values increase two- to three-fold in
worst-case scenarios in parallel with the decrease in
hemoglobin [22, 23]. Similarly, a relevant reduction in
sideremia has been reported in ICU patients, with lower serum
iron levels associated with severe respiratory failure related to
hypoxemia [24]. In general, LDH has been associated with
worse outcomes in patients with viral infections. In fact,
elevated LDH levels have been associated with an
approximately 6-fold increase in the odds of developing

severe disease and increased odds of mortality in patients with
COVID-19. The results of our research have shown that the
administration of a nutritional supplement leads to a clear
reduction of LDH values, which were found to be particularly
high in control ST patients. Regarding the altered values of
transaminases (SGOT and SGPT) it is necessary to consider
that patients with Covid-19 present hepatic alterations
reported by increases in  serum  transaminases,
y-glutamyltransferase (GGt) and often bilirubin. Prominent
signs of hepatopathy. In milder cases, the alterations are often
transient and do not require specific treatment. Severe cases,
on the other hand, develop a reduction in serum albumin that
often reflects an altered metabolism and a general state of
inflammation. Recurrent leukopenia is instead associated with
CD3+ T lymphocyte depletion, which is closely linked to
bursts of cytokines such as IL-6 [25]. Despite the recognized
role of immunoinflammatory  processes in  the
pathophysiology of this disease, alteration of hemoglobin,
hypoxemia and iron dysmetabolism represent additional key
factors to be investigated within the diagnostic-therapeutic
approach. The observed decrease in HGB, consequent to the
reduction of RBCs and in general HCT, observed in both AST
and ST, reduces the efficiency of oxygen transport, resulting in
tissue hypoxia. Tissue hypoxia could lead to multiple organ
disorders. Taking renal failure as an example, fulminant
anoxia could lead to sympathetic nerve excitation and
decreased glomerular plasma flow, which in turn leads to a
reduction in glomerular filtration rate. During our treatment of
CO-VID-19 patients, oliguria or anuria were common in
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critically ill patients, indicating a reduction in the glomerular
plasma flow [26].

In an attempt to justify the evidence presented, it is useful to
mention that among the various components of the nutritional
supplement tested (Citexivir) are calciferol (vitamin D3),
ascorbic acid (vitamin C), folic acid (vitamin B9) and
pantothenic acid (vitamin B5). Some of these nutrients play
key roles in maintaining the integrity and function of the
immune system, presenting synergistic actions at crucial
stages in the immune response. Among these elements,
vitamins C and D stand out for having immunomodulatory
functions and for playing roles in preserving the physical
barriers of tissues. Vitamin D is a hormone that acts on many
genes expressed by immune cells. Evidence linking vitamin D
deficiency with the severity of COVID-19 is circumstantial
but considerable [27]. In addition, calciferol induces the
expression of antimicrobial peptides that may reduce viral
replication, regulating pro-inflammatory/anti-inflammatory
cytokine levels [28]. Ascorbic acid is a water-soluble
micronutrient with antioxidant properties that plays a crucial
role in the immune system by supporting the epithelial
barrier against pathogen entry and cellular functions of the
innate and adaptive immune systems [29]. As an antioxidant,
vitamin C prevents damage to enzymatic biomolecules,
resulting from exposure to oxidants generated by normal
metabolism and exposure to pollutants and toxins. In
addition, this vitamin is a cofactor of several enzymes that
are involved in the stabilization of the tertiary structure of
collagen, in the biosynthesis of hormones such as
norepinephrine, catecholamines, vasopressin, and in DNA
and histone methylation and is therefore important for the
occurrence of epigenetic events [30]. In the current literature,
it is reported that deficiency of one or more of these two
elements impairs the immune response, making an
individual more vulnerable to viral infections and a worse
prognosis of the disease [31].

While there are limited studies demonstrating the effects of
pantothenic acid on the immune system, folic acid has recently
been shown to inhibit furin, avoiding binding by the
SARS-CoV-2 spike protein, preventing entry into cells and
turnover of the virus. Furin is one of the proteases responsible
for proteolytic cleavage of the HIV envelope polyprotein
precursor from gpl60 to gpl20 and gp4l prior to viral
assembly [32]. Several pathological conditions such as
atherosclerosis, cancer, and viral infectious diseases are linked
to reduced activity of this enzyme. Folic acid increases in vitro
the production of nitric oxide (NO) directly and prolongs its
duration of action; effects that could be of benefit in reversing
pulmonary hypertension and severe hypoxemia. Therefore, it
has been suggested that folic acid might be useful for the
management of COVID-19-associated respiratory disease in
its early stages [33]. A recent publication reports that folic acid
and its derivatives tetrahydrofolic acid and 5-methyl
tetrahydrofolic acid have strong and stable binding affinities
against SARS-CoV-2, suggesting that folic acid could be used
as a therapeutic approach for the management of COVID-19
infection [34].

5. Conclusions

In conclusion, our study shows that the levels of various
biochemical parameters in the blood of AST and ST patients
infected with COVID-19 are significantly altered, triggering
the release of inflammatory mediators and causing immune
damage targeting the lungs and other related organs. Therefore,
suppressing inflammation and regulating the body's immune
imbalance may be an important aspect of treating COVID-19
patients. In particular, the research has allowed to evaluate the
effects of a dietary supplementation program by means of a
nutritional supplement containing among the various
components vitamins D3, C, B9 and B5, which have
significantly returned to normal the biochemical,
hematological and inflammatory parameters of patients
infected with COVID-19, improving their quality of life. The
nutritional protocol adopted, while not claiming to be able to
reduce the symptoms of coronavirus infection nor cure the
disease, allows to improve the general physical conditions of
the patient.
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