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bstract

Introduction: The SARS-CoV-2 virus is a respiratory virus that causes severe acute respiratory disorder with an unknown
mortality rate. It has been reported that excessive inflammation in COVID-19-infected patients could lead to unfavorable im-
mune reactions such as cytokine storms, which could even cause death. The search for therapeutic strategies to suppress or
modulate inflammation in COVID-19 is an important goal not only for COVID-19 infection but for other acute respiratory
infections. We aimed to evaluate the effects of using an apple-based formulation called Dezhakam sap (D.SAP) in the reduction
of COVID-19-associated inflammation response of individuals with COVID-19 infection.

Methods: We recruited 210 patients with COVID-19 infection who had used D.SAP for at least 12 months before the viral
infection and 350 patients with COVID-19 infection who had not used D.SAP. A matched control healthy group with no his-
tory of COVID-19 infection, including 1080 subjects used for comparison with infected groups. Blood samples obtained from
all subjects' RNA were extracted from blood and cDNA was synthesized from RNAs. Then all subjects were examined for
inflammation markers in blood samples using Real-time PCR.

Results: Results showed significant alterations in mRNA level of inflammation factor genes in patients with D.SAP usage
reputation compared to COVID-19-infected subjects without using D.SAP.

Conclusion: Results showed the effectiveness of specially formulated apple vinegar D.SAP as a natural anti-inflammatory
agent. It seems that the anti-inflammation effects of D.SAP users may related to the antioxidant effects of polyphenolic com-
pounds of apples that were maintained during the process of D.SAP production. Reduction of inflammation markers may
increase the survival rate in patients with severe reactions of the immune system in COVID-19 infection.
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tate dehydrogenase, and D-dimer evaluated to predict the ex-

Introduction

The SARS-CoV-2 virus is a positive-sense RNA virus from the
Coronavirus family that causes a severe acute lethal respiratory
disorder called COVID-19. While the lethal rate of COVID-19
is still unclear, patients who required intensive care show high-
er levels of excessive systemic inflammation, pro-inflammato-
ry factor release, hemostasis, and coagulation system activa-
tion along with severe cytotoxic effects and cytokine cascade
[1]. Systemic inflammatory activation caused by COVID-19
infection could lead to the disruption of several molecular and
cellular homeostatic mechanisms, favoring toxicity and even
organ failure [2].

Several biomarkers have been such as C-reactive protein, lac-

cessive inflammatory response in COVID-19 infection [3,4].
Neutrophia, lymphopenia, and thrombocytopenia, along with
associated hematological indexes, have been reported to pre-
dict excessive inflammation and severe disease and mortality
in patients infected with COVID-19 [5]. Calculation of the sys-
temic inflammatory index (SII) [6], in patients with COVID-19
showed a significant correlation between SII and severe dis-
ease and mortality rate [7].

It has been reported that COVID-19 infection is strongly associ-
ated with immune dysregulation and cytokine storm. Biomark-
er analysis to achieve predictive markers of immune response
severity in COVID-19 patients revealed decreased CD3+,
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CD4+, and CD&+ T cells and increased neutrophils 1n circu-
lation, exhibiting upregulated neutrophil-to-lymphocyte and
neutrophil-to-CD8+ T cell ratio [8]. In addition, dramatically
increase of IL-6, TNF-a, IL-1p, IL-18, IL-12/1L-23p40, IL-10,
Tim-3, IL-8, neutrophil extracellular trap—related proteinase
3, and S100A8/A9 were suggested as a potential predictive
marker for COVID-19 severity and COVID-19 progression
along with potential targets for novel therapeutic intervention
for patients [8,9]. Also, cytokine storm as an important cause
of severe inflammatory response and mortality of COVID-19
patients is associated with level elevation of pro-inflammatory
cytokines, such as IL-6, IL-8, IL-1B, G-SCF, GM-SCEF, 1P10,
MCP-1, MCP-3, IL-1ra, MIP1a, and TNF-a [10-12].

Previous studies have documented the antimicrobial effects of
polyphenolic compounds in apple cider vinegar. On the other
hand, the antioxidant effects of polyphenolic compounds and
probiotic bacteria such as lactobacillus serotypes in apple ci-
der vinegar have anti-inflammatory effects that may influence
the immune system functions. Dezhakam sap (D.SAP) is an
apple-based formulation that is produced by a traditional meth-
od in Iran. Because of the selection process of apples and the
special traditional production of D.SAP, antioxidants, probiotic
compounds (especially lactobacillus strains), micronutrients
and cellulose fiber of the D.SAP are dramatically higher than
apple vinegar. It has been reported that the contents of D.SAP
may have a potentially positive effect on the treatment of acute
respiratory disorders such as influenza and the SARS-CoV-2
virus regarding its anti-inflammation effects [13].

The present study aimed to evaluate the inflammatory-prevent-
ing effect of long-term oral usage of D.SAP (an especially for-
mulated apple-based production) on patients with COVID-19
infection. The expression level analysis of a short list of in-
flammation system marker genes extracted from the previous
studies in peripheral blood was performed to examine D.SAP
anti-inflammatory effects.

Material, Methods, and Methodology

Subject recruitment and grouping:

Subjects of the present study included two groups of previous-
ly COVID-19-infected individuals. The A group included sub-
jects with a history of COVID-19 infection without D.SAP us-
age, the B group included subjects with a history of COVID-19
infection and with a history of D.SAP usage for at least twelve
months before the COVID-19 infection, and group C included
healthy individuals with no history ofCOVID-19 infection nor
history of D.SAP usage. Demographic data of all groups were
presented in Table 1. Informed consent was obtained from all
participants before the sampling.

Blood sampling and RNA extraction:

The collection of blood samples took place between 10.00 and
12:00 AM using PAXgene vacutainer blood RNA tubes (Pre-
AnalytiX, Hombrechtikon, Switzerland). RNA was extracted
from blood samples immediately after samplings according
to standard protocols using RNA Purification kit (GeneJET™
RNA Purification Kit#K0732, Thermo Scientific - Fermentas,
Latvia). The manufacturer's protocol recommends removing
any genomic DNA contamination from extracted RNA that
has been treated with DNase Treatment and Removal Reagents
(DNase I, RNase-free (#EN0521) Fermentas, Latvia). After re-
moving of genomic DNA, the quality and quantity of extracted
RNA were examined by Agarose horizontal gel electrophoresis
and UV- spectroscopy respectively.

c¢DNA synthesis:

Synthesis of cDNA was performed by Transcription First
Strand cDNA Synthesis Kit (RevertAid Premium First Strand
cDNA Synthesis Kit #1652, Thermo Scientific -Fermentas,
Latvia) based on the manufacturer’s guidelines.

Expression analysis of inflammation genes:

Specific primers were created using the oligo7 software and
then promoted on the NCBI website. Standard curves for each
gene were prepared using serial dilutions (1: 4) of pooled
cDNA from total extracted RNA. In each experiment, the R2
value of the standard curve was more than 0.99, and no-tem-
plate control assays showed no detectable signal. The Quanti-
tative Real-time PCR with a triplicate strategy was performed
and the efficacy of the PCR reaction was calculated using Lin-
Reg PCR software (Amsterdam, Netherlands). Real-time PCR
was conducted using Maxima SYBR Green/ROX qPCR Mas-
ter Mix, #K0221 (Thermo scientific -Fermentas, Latvia) and
CFX96 Touch Real-Time PCR Detection System (BIO-RAD,
California, United States).

Statistical analysis:

A P value less than 0.05 was chosen as the statistical signifi-
cance level, and the descriptive data is represented as mean
<unk> SD (range). Normal distribution evaluation for continu-
ous variables was conducted with the Kolmogorov-Smirnov
test. The one-way ANOVA and independent Student's t-test
were utilized to compare multiple groups. Determination of
the correlations between variables examined by Pearson cor-
relation analysis. The Bonferroni correction test was used to
conduct multiple comparison corrections. Version 24 of Statis-
tical Package for the Social Sciences (SPSS) software used for
statistical analysis.

Results

Demographic data including age, gender and body mass in-
dex (BMI) have been presented in Table 1. Statistical analysis
showed no significant difference in demographic data between
groups.

Gene expression results:

Significant downregulation of 1L-6, IL-1B, TNF-a, IL-18, IL-
12, IL-10, IL-8, and HAVCR2 genes in group B compared to
group A were detected. Also, significant upregulation of CD3,
CD4, and CDS genes in group B compared to group A was de-
termined. Detailed gene expression ratio and statistical data for
each gene have been presented in Tables 2 and 3 respectively.
Correlation analysis showed significant direct correlation be-
tween down expression of IL-6 and IL-1f (R= 0.66, p-value:
0.002), direct correlation of IL-6 and TNF-a (R= 0.63, p-value:
0.002), direct correlation of IL-18 and IL-18 (R=0.58, p-value:
0.004), and indirect correlation of IL-6 and CD4 (R= - 0.55,
p-value: 0.004).

Discussion

IL6, IL1b, 1L-18, IL-12, IL-10, IL-8, HAVCR2, and TNF-a,
which showed over-expression in the D.SAP users group, are
major inflammatory markers and proinflammatory cytokines
that may be used in the determination of inflammation response
of patients with acute respiratory diseases and associated con-
comitant disorders such as arterial hypertension and metabolic
disorders, etc [14]. SARS-CoV-2 may cause a cytokine storm
that results in the chemotaxis of neutrophils through IL-8/IL-
6, leading to severe inflammatory responses [15]. Coronavirus
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Tablel: Group's names and demographic data.

Group | Description Gender Age Body mass index (BMI) | P value
subjects with history of COVID-19 in- | 215 males
A fection without D.SAP usage 135 females 43 (23 to 61) 21.3 (18.2 to0 25.4) 0.82
subjects with history of COVID-19 in- | 110 males
B fection and with history of D.SAP usage | 100 females
for at least twelve months before the CO- 41 (24 to 68) 22.5(20.3 to 24.8) 0.55
VID-19 infection
healthy individuals with no history of | 580 males
C COVID-19 infection nor history of | 500 females 40 (28 to 62) 23.1(19.8 to 24.7) 0.08
D.SAP usage
Table 2: Gene expression level of target genes in peripheral
blood sample.
Gene BVs.A[AVs.C [BVs.C
IL-6 0.72 476 3.18
IL-1p 0.64 422 2.3
TNF-a 0.65 3.52 2.1
IL-18 0.74 2.78 1.92
IL-12 0.66 3.03 3.86
IL-10 0.73 43 1.2
IL-8 0.6 3.6 1.13
HAVCR2 | 0.52 2.39 1.21
G-SCF, 0.93 1.12 1.17
GM-SCF [ 0.95 1.63 1.7
IP10 0.82 1.57 1.55
MCP-1 0.9 1.86 1.8
MCP-3 1.03 1.37 1.45
IL-Tra 0.88 1.6 14
MIPl1a 1.07 1.28 1.16 Figure 1: A graphical description of protein-protein interac-
CD3 3.04 0.77 0.81 tion between significantly differentially expressed genes in
CD4 2.87 0.61 0.92 Group B Vs. Group A drew with String data base (https://
CD8 2.66 0.4 0.85 string-db.org/cgi/).

Group A: subjects with history of COVID-19 infection with-
out D.SAP usage, group B: subjects with history of COVID-19
infection and with history of D.SAP usage for at least twelve
months before the COVID-19 infection, group C: healthy in-
dividuals with no history of COVID-19 infection nor history
of D.SAP usage.

Table 3: Statistical analysis of target genes' mRNA level in
blood samples in each group.

Gene BVs.AJAVs.C [BVs.C
IL-6 0.005%* 0.00T* 0.008*
IL-1p 0.006* 0.00T* 0.005%*
TNF-a 0.006* 0.003* 0.006*
TL-18 0.004* 0.005* 0.005%*
TL-12 0.002% 0.008* 0.004*
TL-10 0.005%* 0.003* 0.03
IL-8 0.005%* 0.005% 0.03
HAVCR?2 | 0.004* 0.006* 0.06
G-SCF 0.11 0.04 0.03
GM-SCF | 0.23 0.03 0.03
IP10 0.16 0.1 0.09
MCP-1 0.2 0.07 0.05
MCP-3 0.09 0.12 0.08
IL-Tra 0.05 0.3 0.1
MIPl1a 0.08 0.06 0.04
CD3 0.002* 0.00T* 0.003*
CD4 0.003% 0.001* 0.001%*
CDS8 0.006* 0.001* 0.002%*

Group A: subjects with history of COVID-19 infection with-
out D.SAP usage, group B: subjects with history of COVID-19
infection and with history of D.SAP usage for at least twelve
months before the COVID-19 infection, group C: healthy in-
dividuals with no history of COVID-19 infection nor history
of D.SAP usage. The * sign used for significant corrected p-
values.

infection associated with pyroptosis is related to an increase
of IL-1B and IL-18 mostly produced by macrophages in the
serum of COVID-19 patients, especially in severe and hospi-
talized cases [16]. The discovery of severe inflammasome acti-
vation during SARS-CoV-2 infection has resulted in a cytokine
storm and pyroptosis in hematopoietic stem cells [17]. IL-18
upregulation in turn could cause an increase in ferritin concen-
tration which is strongly correlated with the severity of infec-
tion and increase the rate of heart failure in COVID-19 patients
[18]. It has been reported that overexpression and dysfunction
of HAVCR?2 of T cells are associated with the onset of several
autoimmune diseases and exacerbation of clinical symptoms in
viral infections [19,20]. The B group's significant decrease in
HAVCR2 may suggest a decreased inflammation response in
COVID-19 patients with a history of D.SAP usage.

On the other hand, several lines of evidence indicated that sig-
nificant reduction in expression of CD3, CD4, and CD8 genes
in COVID-19 patients with moderate infection and under-
medication groups [21,22]. Previous studies, also reported that
low count of CD3+, CD4+, and CD8+ T cells in severe cases
of COVID-19 infection and regulation of these T cells in re-
covered COVID-19 patients compared to the healthy subjects
[23-25]. In addition, CD4+ and CD8+ T cell responses have
the main role in the resolution of SARS-CoV-2 infection such
as modulating disease severity, viral load reduction, and CO-
VID-19 vaccine immunity production [26-28]. Interestingly,
the downregulated genes (IL6, IL1b, IL-18, IL-12, IL-10, IL-8,
HAVCR2, and TNF-a) and downregulated genes (CD3, CD4,
and CD8) in D.SAP users have a strong relation in protein level
and could function in shared gene ontologies and pathways.
Figure 1 illustrates the correlation between genes that are dif-
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ferentially expressed in D.SAP users of group B.

Previous reports about D.SAP usage of the COVID-19 rodent
model showed that pretreatment with D.SAP could cause low
pathogenicity and viral load, as well as easier treatment and
recovery in rodents [13]. It has been suggested that probiotics
and anti-oxidant compounds could lead to anti-inflammation
activities that in turn may help the immune system to better
respond to influenza-like acute respiratory infections [29]. In-
vestigation of gut bacteria effects on the severity of COVID-19
infection showed the upregulation of IL-18, in COVID-19
patients, could lead to gut microbiota dysbiosis due to severe
infection that in turn, could cause intestinal infection in COV-
ID-19 patients [30]. Clinical studies in autoimmune disease re-
vealed the administration of probiotics especially some of Lac-
tobacillus strains could cause the reduction and/or inhibition of
inflammatory mediators such as TNF a, IL-6, and IL-18 [31].
Strengthening the immune system using prophylactic-probiot-
ics approaches to reduce the severity of COVID-19 infection
has several benefits including balancing the composition of
human gut microflora, strengthening gut barrier function, and
preventing inflammatory response [32].

While the mechanisms of SARS-CoV-2-induced inflammatory
response are not completely clarified, it seems that using probi-
otic and antioxidant-enriched compounds such as apple-based
production like D.SAP in the long term could reduce the pos-
sibility of cytokine storm and other major and life-threatening
inflammatory reactions in COVID-19 patients.
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