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Abstract

Viral infections deteriorates the infected diabetic individuals’ glycemic state, hence developing hyperglycemia as
frequently reported for SARS-COV2 viral infection. However, higher prevalence, poorer prognosis as well as higher
mortality rates associated with SARS-COV2 infection among diabetic individuals. Consequently, it is strictly
recommended good glycemic control for ensuring reducing disease severity as well as better survival rate. Uptodate,
insulin seems to be the hypoglycemic agent of choice for treating hyperglycemia condition encountered during
acute/severe microbial infection that requires hospitalization. Nevertheless, paradoxical spectulations are issued
regarding the feasibility of considering oral hypoglycemic agents such as metformin,(GLP-1) Receptor Agonists,
Sodium-Glucose-Transporter-2 (SGLT-2) Inhibitors, pioglitazone administration to SARS-COV2 infected diabetic
patients’ therapy. Although, several reports about various side effects associated with these drugs including
dehydration, hypovolemia, gastrointestinal and perecipitating lactic acidosis side effects. Thus, this report surveys the
paradoxical spectulations and recommendation are reported for these classes of hypoglycemic drugs beside some other
drugs related to other comorbidities such as those acting on renine- angiotensine system and hydroxychloroquine.
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1. Introduction

Co-morbidities like diabetes mellitus, obesity, chronic renal impairment as well as cardiovascular diseases are
thoroughly reported to be associated with disease severity, poor prognosis and high mortality rate of SARS-COV2
infection however, best glycemic control gives rise to better infection curing outcomes besides determining the
therapeutic protocol intensiveness [1-8]. In fact, diabetes mellitus is associated with severe illness that requires
intensive care unit ICU admission [9-11], yet, in this context, some authors as well as meta-analysis studies have
postulated that diabetes mellitus comes in the second level of significance after hypertension as SARS-COV2 infection
co-morbidity [3, 12, 13]. Diabetes mellitus co-related to the elevated mortality rates risk among the diabetes infected
individuals besides causing prolongation of recovery interval [2, 14-21].There is a mutli-array of diabetes-SARS-COV2
diseases interactions that affects the infected individuals survival [22].The poorly controlled blood glucose is well
known to compromise patients’ immunity thus modulatory monitoring of SARS-COV2 infected individuals in addition
to other endocrinal parameters are strictly required [22, 23, 24]. Nevertheless, it is worthy to note SARS-COV2 related
stress has developed hyperglycemia regardless the co-existence of diabetes in the infected patients [25]. Furthermore,
diabetic individuals are also reported to have high risk of SARS-COV2 infection susceptibility [5, 11, 14, 23, 26] like the
liability to other corona virus infections as well as high risk of developing poor prognosis [27, 28, 29].In this context,
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According to an American cohort study, 15% of the hospitalized SARS-COV2 infected patients in USA have been diabetic
individuals, while, the highest diabetes prevalence among the American patients have been reported in New York city
to be around 32% [30]. Certain authors has speculated that type II rather than type I diabetes mellitus is more related
to the higher liability to SARS-COV2 infection, much extensive infection severity as well as ICU admission as it is related
to DPP4 receptors involvement [31]. However, in china SARS-COV2 with have exhibited greater respiratory distress,
hospitalization as well as higher mortality rates as compared to the non-diabetic infected individuals [7, 32, 33].

Like what happens in other human infectious corona virus infections [5, 34] hyperglycemia inclines the pulmonary
tissues secretions glucose level [35] that compromise the local immune surveillance/response causing higher viral
replication as well as deterioration of the patient’s condition which may enhance the mortality rate [36-38]. The locally
affected immune system components include monocytes as well as lymphocytes tissue infiltration in addition to the
pattern of the released cytokines. Corona virus infection causes ACE2 tissue repairing system down regulation besides
induced tissues overt inflammatory cytokine response [33, 39].Moreover, pulmonary tissue structural modification
involving fibrosis of the alveo-cappilary membrane with the collapse of the alveolar membrane, have been reported to
diabetes during viral infections making blood glucose level control a critical issue during corona viruses infection
particularly SAS-COV2 [40]. Furthermore, hyperglycemia whether due to SARS-COV2 or pre-existing diabetes is also
associated with IL-6 related D-dimmer level elevation coagulopathy [41].Thus, the earlier insulin based blood glucose
level control is considered as a lifesaving priority treatment particularly for hospitalized patients [21, 42, 43].

From other point of view, like the impact of diabetes on the SARS-COV2 virus infection condition, others have reported
that SARS-COV?2 infection in turn may deteriorate the vasculopathy, coagulopathy as well as psychological stress [21,
43]. SARS-COV2 is reported to trigger an extra-ordinary inflammatory response that causes imbalance in the pancreatic
ACE2 physiological influence [43] leading to impairment of -cells function. In general diabetes or stress related
hyperglycemia contributes to the susceptibility of community acquired microbial/viral infections [44-46]. Three
potential mechanisms lies behind the poor co-morbidity/disease severity contribution of diabetes particularly type II
diabetes mellitus on SARS-COV2 infection, first, tropism of SARS-COV2 to many ACE2 expressing tissues including the
pancreatic tissues [47, 48]. Nevertheless, ACE2 is also expressed in other body tissues such as intestine, kidneys, and
blood vessels which are up-regulated in diabetic patients on thiazolidinones type hypoglycemic agents, Ibuprofen
NSAID, or o hypotensive agents such as ACE inhibitor and angiotensin receptor-I inhibitors [4].Second; diabetic patients
have been reported to express an elevated level of the SARS-COV2 spike protein pre-activator furins that cleaves a viral
activation/entry site localated between S1 and S2 spike protein units of the spike proteins [49] that facilitate the virus
infection even to the low activation factors TMPRSS2 and/or lysosomal cathepsins expressing tissues [50]. Third,
diabetes prohibits the immune response including suppressing neutrophils chemotaxis, phagocytosis, and microbial
neutralization mechanism [51] which is reflected by the reported decline counts of CD4+ and CD8+ T cells leading to
abnormal immune cytokines response (cytokine storm) indicated by the reported elevated levels of cytokines as well
as pro-inflammatory Th17 CD4+ T cells counts [6, 7, 14, 33, 52-54].Besides, diabetes induced micro-vascular
abnormalities [51]. Both of microvascular, thrombotic as well as immune irregularities consequences of diabetes are
also contributing risk factor to cardiovascular diseases; the first priority co-morbidity of SARS-COV2 infection via pro-
inflammatory response triggering [12, 33, 55, 56]. The cytokine storm triggered acute respiratory distress as well as the
intravascular disseminated coagulopathy always evident in the second week of the SARS-COV2 infection is reported to
be intensified, hence, deteriorating the patients’ conditions in case of DM co-morbidity existence [57]. Diabetes mellitus
induced pro-inflammatory response as well as platelets functions anomalies accompanied with inclined fibrin and other
coagulation factors levels, hence, contributing to coagulopathy. In addition, modification of Willebr and factors besides,
inducing oxidative stress are also associated with such coagulopathy [58].

Both of SARS-COV1 and SARS-COV2 can invade the pancreatic tissues expressing their primary receptor ACE2 including
beta-cells [59-62] that ends with insulin deficiency acute pancreatitis. As encountered with SARS-COV1 the burden of
long term complications of SARS-COV2 is expected even long after curing the infection. Remarkably, SARS-COV1
reported complications including that related to glucose/lipid metabolism such as insulin resistance, hyper-insulinemia
or even hyperglycemia, that have resulted in the development of type I and type II diabetes mellitus as well as
cardiovascular conditions 12 years post SARS-COV1 infection [63, 64]. It is worthy to postulate, that acute as well as
chronic viral infections that compromise/disturb both the immune and metabolic intracellular insulin secretion related
pathways are risk factors for the inclined incidence of type Il DM post SARS-COV1 infections [65], thus similar future
outcomes are expected to SARS-COV2 infections due its reported tropism to the pancreatic beta-cells [60].Therefore,
theoretically individuals with diabetes are greatly vulnerable to SARS-COV2 infection, enhanced disease severity as well
as long term complications due various factors such as much elevated ACE2 expression within the pancreatic as well as
pulmonary tissues, compromised immune surveillance/response especially that related to T-cells activity accompanied
by the extensive incline of the pro-inflammatory cytokines levels particularly interleukins [66, 67]. However, geriatrics
with poor glycemic control are the most vulnerable to SARS-COV2 which is owed to the hyperglycemia attributed
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immune response irregularities, obesity, chronic renal impairments on dialysis, hepatic illnesses in addition to its
contribution to cardiovascular co-morbidities such as hypertension and dyslipidemia co-morbidities. Besides, higher
infection illness severity, poorer prognosis as well as greater mortality rate are encountered in this group of population
[68-70].Therefore, tight monitoring of glycemic control in out- and in-hospital diabetic individuals is strictly required
during the SARS-COV2 pandemic [71, 72].

Chinese studies have revealed that cross country estimations that the prevalence diabetes among SARS-COV2 infected
individuals including the hospitalized patients is around 5% [13, 33] while other studies have demonstrated 8-16%
prevalence [73] which escalate to 34.6% among the ICU admitted patients [70] in which the WBCs count as well as
biochemical variables including coagulation and inflammatory parameters [74]. However, a higher estimation is
reported in a study from china that has demonstrated 25% prevalence of diabetes among SARS-COV2 infected geriatric
males [75]. While, a collection of Chinese retrospective studies have demonstrated that the prevalence of diabetes
among infected individuals occurs within the range of 1-14%, some of them have included more than 1000 patients[1,
2,7,10,11, 14, 16, 33, 76-80].A second collection of Chinese studies have found that the prevalence of diabetes among
the infected individuals is within the range of 10-20% [1, 6, 81-85], while a third small group of studies have reported
more than 20% prevalence of diabetes among the infected individuals [86-88]. Nevertheless, one Chinese study has
found that no significant association between diabetes and SARS-COV2 infection vulnerability [89]. In Italy, a study has
demonstrated that the prevalence of diabetes among the ICU admitted SARS-COV2 infected individuals [90]. The
prevalence of diabetes among SARS-COV2 infected individuals in USA has been reported to be 6, 24 and 32% in out-
patients, in-patients and ICU admitted patients respectively [91].Yet, another study from one medical center in New
York has demonstrated that 15% of the SARS-COV2 hospitalized patients are diabetic while the cross city are 5.45 and
31.8% among the non-hospitalized and hospitalized ones respectively [92]. Thus, diabetes is co-related with the
hospitalization, ICU admission, poor prognosis and high fatality in the 3 countries USA, china and Italy besides Latin
America [1, 2, 29, 68, 93-101]. While, in Belgium, the prevalence of diabetes among SARS-COV2 infected individuals is
9.4% [102].Nevertheless, the variation in the prevalence of diabetes among SARS-COV2 infected individuals in different
studies are probably due variation in age, gender, disease severity as well as country/locality [103]. Indeed, there are
at least more than 18 meta-analysis studies from different countries that speculated 14.5% prevalence of diabetes
among the SARS-COV?2 infected individuals, which is associated with the reported greater mortality rate as reported by
(Abdi, A, etal., ) [104].

Interestingly, diabetes developed micro vascular damages involving pulmonary vasculatures is gender dependent and
is resulted in declining the carbon monoxide diffusion capacity besides retarding gases exchanging even in non-
smokers. In addition, an angiopathy complications are encountered in the pulmonary and other tissues
microvasculature due to diabetes contribution to endothelial malfunctions which also influences vasodilatation,
fibrinolysis in addition to platelets aggregation counteracting activity [105-108].The hyperglycemia associated
endothelitis/endothelial function impairment is encountered frequently in SARS-COV2 severely infected Asian and
African populations. However, endothelitis as well as hemoglobin glycosylation are developed either via viral
endothelial cells tropism or through infection induced cytokine storm exaggerated inflammatory response [110]. In a
Chinese analysis study, it has been demonstrated that SARS-COV2 infected individuals are of mean glycosylated blood
level of 8.1%, however, good glycemic control is reflected in term of HbA1lc at blood level of 7.3%. consequently, patients
with poor glycemic control reflected by elevate HbA1lc blood level have exhibited low oxygen saturation (below 95%),
increased neutrophils count while decreased lymphocytes count, besides, elevated levels of C-reactive protein, D-dimer,
procalcitonin and aspartate transaminase leading to the development other hyperglycemia developed co-morbidities
in the SARS-COV2 infected individuals [97].The hyperglycemia caused immune suppression/abnormal immune
response, disturbance of the normal endothelial function, decline of the antimicrobial surveillance occurs at
uncontrolled fasting blood glucose exceeding 11 mmole/L (more than 180 mg/dL) [111-113] that complicate the
patients’ condition through giving rise to acute respiratory distress, septic shock, and acute kidney/heart injuries [97]
as in case of SARS-COV?2 infection induced cytokine storm [113]. However, good blood glucose control is considered at
blood level less than 180 mg/dL (less than 11 mmol/L) which should be maintained in diabetic individuals while SARS-
COV2 pandemic outbreak [97, 114-116]. Furthermore, in USA an analysis study has demonstrated that poor glycemic
control individuals who have experienced greater SARS-COV2 infection symptoms severity, poorer prognosis as well as
fatalities are those with HbA1c levels exceeding 6.5 mmol/L [116]. Interestingly, other meta-analysis studies have co-
related such various infectious diseases severity, poor prognosis and higher mortality rates are due to acute stress
caused hyperglycemia rather than solely the pre-existing chronic diabetes outcomes [117, 118]. Remarkably, in Iran,
one study has revealed that a half of the SARS-COV2 infected individuals are diabetic with hypertension co-morbidity
and are on ACE inhibitors/angiotensin receptor blockers hypotensive agents, beside, being of low survival pattern
[119].
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Moreover, it is reported that poorly controlled glycemic state is associated with 87% greater mortality rate than infected
SARS-COV2 individuals as compared to that of good blood glucose control since hyperglycemia is associated with acute
respiratory distress, acute renal as well as acute heart complications of this infection [97]. Studies from globally
different locations including the very large (Wu & McGoogan, 2020) Chinese over 73 thousand case study, have reported
7.3% to 20.3% diabetes associated mortality rates among the SARS-COV?2 fatalities [2, 74, 120] indicating the hidden
correlation between the fatal mild cases of SARS-COV2 and the silent symptoms of diabetes [74]. In this context in Italy
more than 70% of SARS-COV?2 infection fatalities are related to chronic co-morbidities including diabetes [26] that has
contributed to 35% of the infection mortalities [120]. Currently, diabetes is considered as an independent co-morbidity
to which poorer morbidity as well as greater fatality rates of SARS-COV2 are attributed [21, 69, 121]. Nevertheless, the
diabetes associated facilities, if not owed to hyperglycemia itself, it can be attributed to diabetes related other co-
morbidities like hypertension, cardiovascular and cerebrovascular complications. These complications deteriorate the
infected patients’ conditions to require hospitalization, ICU admission or even lead to death [1, 12, 26, 29,116, 122-125]
particularly among elderly [7, 126, 127], although only one study has emphasized that there is no significant differences
the infected diabetic and non-diabetic individuals [124]. Remarkably, from other prospective, due to the complex
disease-disease interactions between SARS-COV?2 infection and diabetes has led some authors to emphasize that SARS-
COV2 itself deteriorates the infected individual diabetic pre-existed condition or even establish diabetes in the non-
diabetic ones [128]. In this context, one CT-scanning based study has demonstrated a significant modifications in the
CT-scan images as well as scores between diabetic and non-diabetic infected individuals however, no significant
difference between diabetic infected individuals regarding glycemic control state. Much deteriorated CT-scan scores are
observed in the images of diabetic individuals, in addition, greater frequency of linear image opacity is encountered in
CT-scan images of infected individuals of elevated disease severity and poor blood glucose control [74, 127]. Therefore,
diabetic individuals self-care as well as tight blood glucose monitoring/control while the onset of SARS-COV?2 pandemic
[5, 129, 130].Good blood glucose control may declines the risk, yet, not entirely abolishes the virus infection liability,
severity or prognosis [72] due to the involvement of other un-related co-morbidities and genetic factors involvement.

2. SARS-COV2 Infection: Pancreatic Tissue ACE2 Targeting and Triggering Exaggerated Immune
Response with coagulopathy complications

Molecular studies have reported the distribution of ACE2; the SARS-COV1 and SARSC-COV2 tissue tropism receptor, in
most of body tissues including the respiratory system airways/pulmonary tissues, pancreas, adipose tissue, bones,
testes pituitary gland, adrenal gland ..etc. indifferent abundances. This scattered expression of ACE2 along the body
organs makes them targets for corona virus infection particularly the respiratory system [2, 72, 114, 131, 132].In fact,
animal studies has Longley prior the emergence of human infectious corona virus epidemic outbreaks, demonstrated
the involvement of ACE2 in the development of acute pulmonary tissues damages [133] via the involvement of AMP-
activated protein kinase (AMPPK)-rapamycin (mTOR) signaling pathway that gives rise to autophagy [134].
Nevertheless, the infection associated inflammation induces the ACE2 expression as well as stability via
phosphorylation of the ACE2 active site serine-680 residue [135]. This active site phosphorylation alters ACE2 binding
site hence hindering RBD binding of SARS-COV2 spike protein as it causes conformational alterations in the receptor
site [136, 137].Yet, its harmful influence causes imbalance in the renin- angiotensin- aldosterone system due to the
SARS-COV2 cells infection caused ACE2 down regulation which starts a deleterious pro-inflammatory and pro-fibrotic
effects to both respiratory and cardiovascular systems [138]. While, a compensatory ACE2 up-regulation response to
the renin- angiotensin- aldosterone system imbalance presents additional cell-entry paths to the virus [137].

Tropism of SARS-COV2 may lead to the pancreatic islets [ -cells explaining the reported SARS-COV2 infections
associated hyperglycemia even in non-diabetic infected individuals [131] binging about acute pancreatitis. It has been
hypothesized that SARS-COV2 viral infection brings about pancreatitis via one of two potential mechanisms, the first,
involves direct invasion to the ACE2 expressing pancreatic acinar cells leading to insulin secreting cells f-cells injury
[139] as previously reported to SARS-COV1 infection [60]. The second involve systemic extraordinary extensive
cytokine storm inflammation associated mal-immune response giving rise to multi-organs damage, one of them is the
pancreas [140-142]. The last one explains the pancreatic damage evident autopsy findings in SARS-COV2 infection
fatality victims despite the absence of SARS-COV2 microscopic findings [143], which potentiates some authors
suggestions that relates SARS-COV2 associated pancreatitis to hypo-perfusion due to ARD hypoxia and shock as
previously encountered with SARS-COV1 patients [140, 142-145].Furthermore, Invasion of ACE2 expressing pancreatic
tissues causes angiotensin II cleavage into angiotensin (1-7) decline, hence, contributing to the development of beta-
cellsinjury, insulin-resistance and NHE activation related lactic acidosis [146]. It is worthy to note that, the physiological
activity of ACE2 within the S-cells as well as other subsets of cells of the pancreas acinars is to cleave the angiotensin 11
to the angiotensin (1-7) that are partly contributing to the glucose metabolism as well as insulin secretion [147-149]
that explains diabetes related micro- and macro-vascular complications [150-153]. However, ACE2 is also involved in
apelin-13, des-Arg9-bradykinin, neurotensin (1-13) -casomorphin, dynorphin A 1-13, and ghrelin cleavage [147]

27



World Journal of Biology Pharmacy and Health Sciences, 2022, 02(02), 024-057

which may co-relate to a non-angiotensin II cleavage dependent glycemic control molecular pathways [103].
Remarkably, SARS-COV?2 infection associated acute pancreatitis has been reported for the first time by (Wang, et al,,
2020) with prevalence of 17.35 of the infected individuals [141].

Moreover, many biochemical studies have speculated that SARS-COV2 infection brings about mild [141, 148] to severe
acute pancreatitis [144] indicated by the evident inclined serum lipase/amylase, pancreatic enzymes levels despite the
lack of any previous predisposing factors [141]. The elevation of these pancreatic enzymes in acute pancreatitis
symptoms exploiting SARS-COV2 infected individuals ranges from 16.41%in one study to 18.75% in other study or may
be escalated to 48% in a third one[142, 148, 154] some of which have presented altered pancreatic tissues CT-san
images, 7.46% according to (Liu, F., et al,, 2020) study [142]. It is reported that SARS-COV2 developed diabetes mellitus
is established 5-7 weeks post SARS-COV2 infection, yet, typical auto antibodies against pancreatic §-cells and other
molecular targets including glutamic acid decarboxylase, tyrosine phosphatase, insulin and zinc-transporter-8 thus,
type 1B diabetes mellitus is proposed to be developed by mean of this viral infection in one case that exhibited extremely
elevated blood glucose of 30.6 mmol/L and HbAlc of 16.8%][155]. This speculation is encouraged by the results of
mechanistic to the infection of alpha and beta pancreatic cells by both SARS-COV2 and pseudo-entry virus. Other
potential reasons for insulin-dependent diabetes is due to the viral infection induced chemokine and cellular death
factors release as other virus do [156, 157].[156, 157]. Nevertheless, some medical experts have suggested that merely
the encountered surgical complications besides the SARS-COV2 infection a typical manifestations are enough to
potentiate the virus infection developed acute pancreatitis [158].Interestingly, those SARS-COV2 infected individuals
exhibiting acute pancreatitis symptoms the lipase level extremely inclined to three folds greater than the normal upper
limit, yet, some authors attribute this elevation to the virus infection related /history of non-related diarrhea, gastritis
enteritis as well as colitis [154, 159]. In this context, animal model studies have exploited the high expression of ACE2
in both small as well as large intestines [160], in addition to inclined duodenal and jejunal enterocytes ACE2 expressions
in cases of ACE inhibitor use and diabetes respectively [161, 162].

Frankly speaking, there is controversy regarding the pancreatic tissues ACE2 existence/expression density between
authors to attribute acute pancreatitis to which [148, 163], however, some who have admitted ACE2 expression related
the issue to the genetic inter-individuals variations [148]. Interestingly, both (Schepis, et al, 2020) and (Liu, et al, 2020)
have reported densior ACE2 expression within both exocrine and endocrine tissues than within the respiratory system
tissues that may become the SARS-COV2 provoker of acute pancreatitis [148, 163] which is further up regulated by the
virus tissue invasion [164].

The damaging cytokine storm based inflammatory response provoked by diabetes in SARS-COV2 infected patients is
suggested to influence the insulin sensitive tissues causing poor blood sugar control [167], besides, elevation of D-dimer
level that brings about coagulopathy [167, 168] and related thrombotic poor prognosis like stroke [32]. Postmortem
microscopical examinations have revealed the establishment of both macro-vascular as well as micro-vascular
thrombosis in SARS-COV2 infection victims [169] which are also reported to diabetes as one of its complications [170].In
fact, ACE2 is extensively expressed within the endothelial layer of lungs blood vessels hence, facilitating SARS-COV2
invasion to these cells that leads to their injury/dysfunction, enhancing endothelial permeability, triggering cytokine
storm, down regulation of the ACE2 caused angiotensin II level elevation that causes both vasoconstriction as well as
building up of thrombotic clots via inducing platelets aggregation [48, 171-173]. Coagulopathy may worsen to develop
disseminated blood coagulation, one of the critically significant mostly fatal poor prognosis of SARS-COV2 infection
[174,175] particularly in the co-existence of metabolic co-morbidity like diabetes [176] evident by the reported inclined
D-dimer (higher in diabetic individuals), fibrin as well as hypofibrinolysis [74, 173, 177-180]. SARS-COV2 infection
caused endothelial dysfunction also elevates the blood levels of complement system and plasminogen activator
inhibitor-1 (PAI-1), besides, inclines Hypofibrinolysis probably encouraging the formation of microthrombi [181,
182].In addition, the ACE2 cleavage product into angiotensin 1-7 that inhibits the renin-angiotensin system via binding
to the protein coupled receptor Mas which mediates vasodilatory, antithrombotic, antiproliferative and antioxidative
activities [183, 184]. Consequently, in a Chinese study that almost exclusively (98%) considered SARS-COV2 with type
I1 DM of which 47% with inclined platelet count, 62.47% of inclined D-dimer level while 41.7% are of inclined fibrinogen
level [16], however, of these coagulation parameter D-dimer is the most significantly related to the elevation of the virus
infection fatalities [1, 16, 185, 186]. Furthermore, the virus infection itself increases the viscosity of blood due to the
infection symptoms such as the encountered severe pneumonia as well as respiratory distress thus, maximizes the risk
of coagulopathy co-morbidity [187], besides, diabetes pre-existed complications such as atherosclerosis vascular injury,
oxidative stress and inflammation [16, 188]In addition, SARS-COV2 infection causes ACE2 expression down regulation
evident by the inclined blood pressure of the infected individuals which is aggravated by diabetes co-existence
particularly type Il DM [169].
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3. SARS-COV2 infection and human dipeptidyl peptidase (DPP4) receptor

The human type II trans-membrane enzyme; dipeptidyl peptidase (DPP4) is broadly dispersed along several body
tissues particularly the immune system (known as CD26) through regulation if T-lymphocytes activation,
chemokines/bioactive peptides secretion as well as adipocytes, yet, it also plays a crucial part in insulin dependent
glucose metabolism. It reduces the insulin secretion via its catabolic activity against peptide 1 (GLP-1) and glucose-
dependent insulinotropic polypeptide as well as other immune-modulatory proteins [189], causing by the way
abnormal viscera accumulated white adipose tissue lipid metabolism, hence, develops adipose tissues insulin resistance
and inflammation[31, 190-192]. DPP4 also contributes to the immune system response including the expression of
CD86 and NF-jB pathway [31] s itis expressed in the CD4* and CD8* T-cells, natural killer cells, dendritic cells as well as
macrophages [193, 194] particularly in the pulmonary tissues [195, 196]. In addition, DPP4 stimulates the CD26 type
T-cells differentiation via binding to adenosine deaminase (ADA) as well as caveolin-1 that triggers the release of the
immune response mediated intracellular response [197]. Furthermore, in type II DM this enzyme mediates
inflammation particularly in adipose tissue via direct enzymatic and indirect non-enzymatic modes of action that targets
multiple cytokines, chemokines, and growth factors inflammatory mediators [31, 194]. In addition, DPP4 has a primary
role in modulation of inflammatory as well as immune response via up regulation of one the immune system
components Kabba-b nuclear factor and T-cells reserve recruitments [198]. Thus, since DPP4 is co-related to the
diabetes known complications, individuals with obesity and/or type Il DM are currently treated with DPP4 inhibitors,
like sitagliptin, vildagliptin, and saxagliptin in order to elevate insulin secretion via blocking GLP-1 and/or GLP-1
receptor analogs activities [31].

However, despite the controversy between author points of view regarding full understanding of the DPP4 inhibition
consequences on the immune system integrity, some reports have exploited a non-significant effect of the DPP4
inhibitors on the expansion of the upper respiratory tract viral infection [199]. Interestingly, DPP4 resembles ACE2 in
being shed from the cell membrane forming body fluids soluble enzyme with a catabolism unrelated pro-inflammatory
on macrophages or lymphocytes alone or in cooperation with factor Xa via interaction with the (ADA) and caveolin-1
pathways [200, 201] particularly in the viral infections like MERS-COV infection [195, 202].Both transgenic type 11 DM
diabetic mice infected MERS-COV and DDP4 directed antibody against epithelial cells of the human bronchi and Huh-7
cells studies [203, 204] indicates that DPP4 is the mutual tissue tropism and cell entry receptor for MERS-COV virus
infection [203, 205, 206]. While, the MERS-COV infection abnormal inflammatory response is triggered due to the
binding of the virus spike protein to the T-cells DPP4 binding domain and NF-jB [203].However, in transgenic mice with
type II DM MERS-COV infection slow inflammatory response due to declining the CD4+* T-cells in addition to TNF«, IL-6
and Arglexpressionparticularly the pulmonary tissue with weight loss. This have contributed to the disease severity,
prolonged onset, inclined disease complications, delayed curing, besides inclined poor prognosis as well as mortality
rate of the disease mediated by binding to DDP4 receptor. In general, as have been reported in some animal studies, the
binding of the MERS-COV to the DPP4 will trigger the inflammatory response through DPP4 interaction with
polypeptides and nuclear factors of specific T-cells bringing about disease severity and high lethality [207, 208].
Consequently,DPP4 inhibitors and GLP-1 receptor analogs are reported to elicit an anti-inflammatory via declining the
recruitment of macrophage and M1/M2 macrophage polarization regulation through blocking the GLP-1 pathway
signaling activation while DPP4 inhibition [209]. Furthermore, it is reported that there is amino acid type/location
modifications, as well as glycosylation brings about the polymorphism of the DPP4 receptor, hence, declining the MERS-
COV entry as well as infection liability [210-212] due to the conformation modification in this corona virus spike protein
altering the affinity of its RBD which also changes the shaded receptor blood level, receptor activity, the receptor
immune-modulatory chemokines and cytokines [189].Yet, no significant dysregulations of the inflammatory mediators
[213].

Moreover, human infectious corona virus spike proteins have affinity to bind a wide range of the cellular membrane
receptors as a cell binding and entry factor that have a critical role in the pathogenesis mechanism of cellular invasion
[214-216] and mostly used as by more than strain even when they are genetically different [217]. Nevertheless,
although the severity of the SARS-COV2 virus infection is of moderate severity located between that of MRS-CoV and
SARS-CoV infections [218], its immunological response is un-related to its sub-optimal binding to ACE2 as well as the
ACE2 expression [219] explaining the involvement of another receptor involved in SARS-COV2 pathogenesis [217]. In
addition, unlike SARS-COV1, the S1 unit of SARS-COV2 spike protein has conserved some glycosylation sites that
probably explains its immune shielding as well as abnormal distinguished immune response [220, 221].Interestingly,
(Vankadari and Wilce, 2020), have reported that protein-protein virtual docking evaluations between certain amino
acid sequence in the SARS-COV2, spike protein S1 unit may have the capability of tight interactions with the human
DPP4 receptor through a large interaction surface that is identical to that of S1 unit of MERS-COV spike protein [220]
particularly at the amino acid residues K267, T288, A289, A291, L294,1295,R317,Y322 and D542 [222]. Thus, through
such interaction may evade the immune surveillance, and cause cytokines inflammatory storm as DPP4 is the principle
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response mediating immune as well as inflammatory responses receptor [220]. Furthermore, the S1 unite of SARS-COV2
spike proteins have been found to possess two virus strains unique additional interaction surfaces with DPP4, the first
provides vander Waals interaction and H-bonding site of the following amino acids (Q286, 1287, N338, V341, R336).
The second sequence that can interact with both ACE2 and DPP4 [223] involve the following amino acids (R408, Q409,
T445,V417,1461,D467,5469, L491, N492, D493, Y 494, T497, T150, Y504) facilitating ACE2 poorly expressing tissues
tropism particularly the immune tissues. In this context, the expressed immune system T-cells CD26 enzyme can also
cleave the virus active L-proline or L-alanine N-terminus peptides to a polypeptides that activate these cells, hence,
provoking the exaggerate immune response against the virus invasion [220].

Moreover, crystal structure based SARS-COV2 spike protein RBD and DPP4 protein-protein docking has shown that
there is elevated binding affinity but lower than that with the primary receptor ACE2making DPP4 a candidate binding
receptor. Therefore, as in case of MERS-COV, SARS-COV2 can interact with both ACE2 and DPP4 particularly CD26
expressed on the immune cells making DPP4 part of virus tissue tropism and cell entry [217].(Li, 2020) study has also
demonstrated that the spike protein RBD has a binding interface of the sequence residue of Q498, D405, E484,
Y489/N487,N501 and Y505 with the DPP4 interface residues of K267, R336,R317, Q344, Q286 and T288.Besides,other
receptor binding residues L294 and 1295 to which vander Waals interaction with the virus spike protein RBD [217]
instead of H-bonding interaction encountered with MERS-COV spike protein RBD[224]. Interestingly, the E484 residue
of the SARS-COV?2 spike protein RBD is the most critically DPP4 (to the R317 binding pocket residue) binding affinity
determining residue in addition to the D405A residue. A third spike protein RBD binding interface residue to the DPP4
receptor (through the DPP4 residue K267) is the Q498Y [217]. From the opposite site of interaction interface at the
DPP4, the virtually explored four potential interaction residues (K267, R336, R317 and Q344) are shared between
MERS-COV and SARS-COV2 spike protein RBDs via critically significant H-bonding for the virus spike proteins
interactions regardless the structurally resembled SARS-COV2 and MERS-COV spike protein RBDs. These formerly
mentioned residues are potentially modified by mutations via evaluation process of the corona viruses, however, any
sequence or amino acid residues modifications (insertion or substitution) are potentially enhances the DPP4 potential
[217] while, fortunately in animals the DPP4 binding interface residues are still reserved without any mutation yet [224,
225].Thus, the unique N-terminal domain of the RBD S1 unit in the SARS-COV2 spike protein justifies both the multiple
human biomolecules unusually ACE2 interaction just like SARS-COV1 and the unexpected DPP4 receptor interaction
just like MERS-COV which both can invested for drug therapy due to the shared amino acid residues at the docking
interface with the two other strains [217, 220, 225, 226] and targeting DPP4 as a therapeutic approach seems to be an
therapeutic option [217].Furthermore, (Qj, et al., 2020) have also reported such virtually potential interface interaction
between DPP4 receptor and the SARS-COV2 spike protein [227]. From other prospective, (Singh, et al., 2020) have
reported that DPP4 has a potential interaction with the RAS pathway [21]. Oppositely, other in vitro studies has argued
the previous two virtual studies revealing that DPP4 receptor can not be an independent SARS-COV?2 entry factor in cell
lines like HeLa and BHK2 that not express ACE2 primary entry receptor [62, 131, 228]. It is worthy to note that, that
SARS-COV2 infection co-morbidities such as obesity and type Il DM are contributing factors to the inclined circulating
blood level of DPP4 that is aggravated by aging [229, 230], presumably explaining the virus various tissues tropism,
disease severity, multiple organs damage and higher mortality rates [231]. Thus, it is presumed that monitoring the
plasma levels of this circulating DPP4 enzyme may be a fruitful tool for prediction of virus infection liability, disease
severity/prognosis and treatment responsiveness in these individuals as proposed by (Iacobellis, 2019) [31].

Remarkably, as in case of MERS-COV virus infection, it is proposed that DPP4 lies behind the diabetes co-morbidity
related SARS-COV2 infection complications leading to disease severity, poor prognosis, and higher mortality rate due
to the macrophages recruitment within the pulmonary tissues [204]. Nevertheless, (Barchetta, et al., 2020) study has
revealed that the DPP4 inhibitors, sitagliptin, vildagliptin and saxagliptin has failed to prevent hCoV-EMC coronavirus
cell entry as the virus may interact with a receptor other than DPP4 [231].

4. Treatment Of Diabetes/Hyperglycemia In SARS-COV2 Infected Individuals

The tightly strict blood glucose/diabetes control is a matter of optimum priority for both out- and inpatient particularly
the ICU admitted hospitalized SARS-COV2 infected individuals in order to ensure high recovery/survival rate as it
contributes to evading the disease complications [12, 13, 41, 48, 74, 97]. Good blood glycemic state within the infected
individuals have been exploited to reduce the development of ARD, septic shock, diffused intravascular coagulation,
acute cardiac distress and kidney function deterioration[5, 232, 233] as it can counteract the reversible glycosylation of
the ACE2, hence, reducing the virus spike protein-ACE2 binding affinity and virus infection induced cytokines storm
[234]. In addition, hyperglycemia symptoms management in both diabetic and non-diabetic infected individuals, beside,
rational election of the proper hypoglycemia agents with minimum drug-drug as well as drug-disease interactions
particularly those with immune-modulation influence, with long term case monitoring [68] are the only options
available within the fact that no global diabetes specific hypoglycemic agent(s) therapy is conveniently recommended
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by medical experts including the currently approved hypoglycemic agents classes regardless the so many individual
opinions, for SARS-COV2 infected individuals with such co-morbidity. Thus, any hypoglycemic agent has an
interaction/contraindications with any other condition co-morbidity of SARS-COV2 infection used to control the
patient’s glycemic state has been suggested to be cautionaly considered [68]

In this context, hypoglycemic agent are not always included in SARS-COV2 infected individuals with or without pre-
existed diabetes exploiting hyperglycemia.(Han, et al., 2020) study has demonstrated that only antimicrobial agents
(antibacterial and antiviral drugs) have been used besides management hyperglycemia symptoms without the
administration of hypoglycemic drugs [235]. However, (Singh, et al, 2020) study has recommended the co-
administration of hydroxychloroquine to the WHO approved treatment protocol in order to control diabetes related
complications in case of diabetes infected patients [236]. A paradoxical group of studies have strictly recommended
necessity of optimum glycemic controlling hypoglycemic agent of minimum possible adverse effects and interactions is
a critical issue for SARS-COV2 /diabetes co-morbidity associated hyperglycemia management. However, the studies
have also recommended best hydration state as well as dose tapering particularly that of oral hypoglycemic drugs in
order to minimize the potential side effect [5, 40, 237, 238]. Therefore, despite the reported insulin efficiency in
establishing good glycemic control state in the diabetic infected individuals at approximately all disease severity states,
oral hypoglycemic drugs use is also recommended, yet, for mild to moderate infection [239]. Moreover, the influence of
oral hypoglycemic drugs such as metformin, pioglitazone, liraglutide, sodium-glucose cotransporter-2 inhibitor
(SGLT2) inhibitor, and insulin, on the expression of SARS-COV2 cell-entry receptor, ACE2 in various body tissues
including the lung and pancreas is also discussed as it is related to enhancing the tissue repairing, as previously reported
in animal studies, versus viral entry [240-245]. Moreover, some have recommended that neither metformin nor sodium
glucose co-transporter-2 inhibitors should be used for cases of moderate to severe SARS-COV2 infection conditions
among diabetic individuals, since, they may contribute to lactic acidosis even in good glycemic control state [5, 21, 71,
130, 247, 248] beside, the reported ACE2 virus tropism receptor expression promotion in various tissues [240].
Nevertheless, their avoidance may contribute to deteriorations of both cardiovascular and cardio-renal functions [249].
While, others have recommended the avoidance of sulfonylureas hypoglycemic agents use in severe cases of infections
as they are expected to develop hypoglycemia [103]. Remarkably, the IL-6 counteracting monoclonal antibody drug,
Toclizumab, has been reported to elicit promising results in both clinical trials to overcome the cytokine storm
consequences in SARS-COV2 infected diabetic individuals with an elevated serum IL-6 level [128, 250] as well as in
practice.

Physical/athletic activities are also advised for maintaining an acceptable state of euglycemia as it is previously
recommended for other clinical issues associated with hyperglycemia [251-256] since it is at least reported to promote
both of the basal as well as the bolus insulin influence by 20-40 prior 2-4 days of these activities [257, 258]. (Assaloni,
et al,, 2020)study has exploited that the quarantine related reduction of diabetic individuals physical activity is
associated with poor glycemic control in 42% of type I DM while, so that about 62% of the diabetic subjects have
required to alter their insulin dosing/delivery regimens [259]. Furthermore, tight glycemic state control is also required
in both diabetic geriatrics and pediatric individuals with type I DM as the blood glucose level rather than the diabetic
condition co-existence accompanying SARS-COV2 infection is the matter of concern, thus, reports data neither have
exploited any inclined vulnerability to the virus infection nor to bad complications associated with this state in case of
euglycemia [103]. Nevertheless, it is worthy to note that, the antipyretic drug of choice often used in the fibril SARS-
COV2 patients, acetaminophen is also reported to interfere with blood glucose reading giving rise to errors [260].
However, No undoubted cause have been identified regarding the co-relation between the inclined SARS-COV2 infection
survival rate and the tight good control of the patient’s glycemic state in diabetic individual, yet, the degree of
hyperglycemia as well as the used hypoglycemic agents used may have unrevealed contribution [68]. In addition,
designing of universal rational hyperglycemia treatment protocol for diabetic SARS-COV2 infected individuals suffering
symptoms of hyperglycemia not yet been achieved, thus a case/patient condition specific tailored treatment protocol
based on type of DM and any other risk factor/co-morbidity [130, 261-263]. Thus, the selection, continuation and
discontinuation of the antidiabetic drugs is a critically important issue that requires precise evaluation to the
pathophysiological condition as well as the patient’s condition involving the existence of co-morbidities [233].
Accordingly, some authors and medical experts have reported the necessity of oral hypoglycemic drug discontinuation
and starting parenteral insulin upon hospitalization [5, 48, 232, 233, 264].

4.1. Hyperglycemia Insulin Therapy During SARS-COV2 Infection

Along time ago, it is well established that insulin therapy is used to re-establish normal blood glucose in any emergency
hospital admitted cases whatever its renal or hepatic function conditions, however, it can be given subcutaneously to
oral food tolerant patients. Thus, as a case of emergency, insulin can be used to correct hyperglycemia to euglycemia in
cases of SARS-COV2 conditions in both diabetic and non-diabetic infected individuals even at mild to moderate infection
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severities while; intravenous insulin administration is used for oral food intolerant patients as well as those admitted
to the ICU/on mechanical ventilation [21, 130, 239, 265].Although an elevated degree of disease severity has been
reported to the SARS-COV2 infected diabetic geriatrics whom on insulin therapy due to the existence of co-morbidities
other than diabetes that is also being in an advanced state to expect better prognosis [266]. Therefore, in cases of
diabetes co-existence/ infection developed hyperglycemia insulin therapy must be started [5, 71, 267].While, in cases
of severe SARS-COV2 infections the oral hypoglycemic agents particularly metformin, sulfonylureas, and sodium
glucose cotransporter-2 inhibitors is discontinued and shifted to insulin therapy [48, 130, 268, 269]. Nevertheless, a
close blood glucose monitoring every 2 hours to those on continuous IV insulin therapy particularly in case of severely
ill infected patients due to the expected insulin resistance [130, 270], is mutually required because of either potential
hypoglycemia or hyperglycemia related ketoacidosis. The potentially expected hypoglycemia developed in the infected
patients who are on insulin therapy is probably established by the declined patient appetites [48, 130] on one hand. On
the other hand, in case the potential insulin-un responsiveness development of ketoacidosis can be avoided using
subcutaneous rapid acting soluble insulin injections in cases of mild to moderate cases of ketoacidosis in adults as
reported previously for other emergencies in pediatrics [21, 271, 272].However,(Singh & Khunti, 2020) has reported
that using either of single dose long acting subcutaneous insulin or continuous short acting insulin infusion have bring
about similar clinical outcomes in cases of critically ill diabetic patients with hyperglycemia associated with other
emergencies [273].Furthermore, diabetic outpatients should also undergo very close self blood glucose and urinary
ketones monitoring every four hours in case of SARS-COV2 infection while, the insulin therapy continuation [48, 130,
274]. Insulin also have other useful benefits other than hypoglycemic influence which include, first, in animal studies it
is found to prevent diabetic nephropathy via decreasing the expression of A disintegrin and metalloproteinase-17
(ADAM-17) [275]. Second, it may hinder ACE2 via ADAM-17 activity thus, declining the SARS-COV2 cell entry [240].
Third, insulin is related to T-cell mediated inflammation modulation [276] as it has been reported to has an anti-
inflammatory influence in the critically ill microbial infection hospitalized patients [277]. In fact, insulin counteracts the
immune system response abnormalities via renormalization of chemotaxis and phagocytosis, neutrophils bactericidal
activities in case of SARS-COV2 infection related hyperglycemia treatment [278, 279]. It is not worthy to postulate that
dose tapering is required for both oral hypoglycemic agents ( sulfonylureas and thiazolidinones) as well as insulin
according to the underlying glycemic state while the episode of SARS-COV2 onset [21], although there is no reported
co-relation between sulfonylureas and the enhancement if the expression of ACE2 in case of community acquired
pneumonia [280, 281].

4.2, Hyperglycemia Metformin Therapy During SARS-COV2 Infection

Several reports have been issued regarding broadly diverse protective influences of metformin against SARS-COV2
infections among diabetic patients conformed by the lower metformin therapy receiving virus infection mortality rates
[137, 282] as also reported by a Chinese study that demonstrated that metformin reduces the mortality rate in the
hospitalized infected diabetic users by 9.4% but with slightly higher blood glucose[283]. Although there is no treatment
protocol difference between metformin receiving and non-metformin taking drugs except 9% of the metformin taking
drugs are on traditional Chinese antiviral therapy to which synergism most of the mortality rate reduction ratio
potentially attributed according to multi-variant analysis while no significant influence on the hospital residence time.
The metformin attributed reduction in the mortality rate is owed to several reasons, first, the multiple hypoglycemic
effect modes of action including promoting insulin activity along with reducing tissues insulin tolerance, reducing
hepatic gluconeogenesis. Second, its immune modulation influence via exhaustion of the inflammatory mediators
despite its minimum negative impact on SARS-COV?2 viral load as well as insignificant viral clearance effect. Besides, its
low lactic acidosis inducing side effect particularly in patients with hepatic or renal impairment [284]. Third, its
antioxidant influence via modulation of the activities of catalase and superoxide dismutase antioxidant enzymes
[285].Fourth, it possesses anti-inflammatory influence via reducing the circulating inflammatory mediators blood levels
especially in type Il DM patients [103, 286-288].

Furthermore, the metformin immune response alteration effect is also performed through enhancement of the immune
response versus reduction of the innate immune inflammatory response via targeting various molecular pathways
including, first, enhancing typeM2 macrophages, T-regulatory cells as well as CD8 memory T-cells production [289].
Yet, (Luo, et al,, 2020) have reported that metformin receiving diabetic SARS-COV?2 infection patients have exploited no
significant alteration in lymphocytes, monocyte, neutrophils and basophiles counts as compared to the non-receiving
ones, besides close platelets counts [284]. Second, through declining cytokines and chemokines gene expression hence,
counteracting SARS-COV2 developed cytokine storm probably via prohibiting the pro-inflammatory responses through
targeting nuclear factor-kB[289-291]. Third, ameliorating the autophagic activity included in immune/inflammatory
response control and microbs eradication [291]. Fourth, it enhances oxidative stress microbs killing activity of the
natural killer cells via modulating catalase and superoxide dismutase enzymes [285, 292].
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Moreover, the SARS-COV2 better prognosis of the metformin anti-proliferative, antioxidant, as well as immune-
modulatory activities is brought about via AMP activated protein kinase stimulation [293-297] thus can enhance the
innate and adaptive immune responses while opposing the accompanying cytokines storm [294, 298]. In addition,
metformin via influencing AMPK-signaling pathway, can counteract SARS-COV2 developed ACE2 down regulation [137,
274] beside, the presumed hindering SARS-COV2 virus spike protein interaction with ACE2 receptor via AMP-activated
protein kinase phosphorylation of its serine residues [136]. Thus, although this pathway induction activates ACE2
receptor, but, it blocks the virus cell entry as well as its infection related immunological /inflammatory destructive effect
[137]. Metformin also can attenuate the rapamycin (mTOR) signaling pathway via AMPK activation that causes ACE2
serine-680 residue phosphorylation [299]. In addition, via phosphorylation of the insulin receptor substrate 1 (IRS-1)
phosphorylation, it declines the Protein kinase B (PKB, or Akt) pathway activity [300]. Nevertheless, the involvement
of the PI3K/AKT/mTOR pathway signaling in the pathogenesis mechanism of MERS-COV and probably with that of
SARS-COV2 provides a clue for a potential metformin SARS-COV2 pathogenesis counteraction role [301].

Remarkably, metformin has lung protective effects against microbial infections, sepsis and chronic obstructive
pulmonary disease [291, 293-296, 298, 302].In this context, via multi-array modes of action, including declining insulin
resistance, metformin possesses an antiviral activity against different viruses such as hepatitis C virus (HCV), hepatitis
B virus (HBV) and human immunodeficiency virus (HIV) [303] as well as co-relating, like other biguanides, to a better
influenza virus infection survival fate [304]. Moreover, metformin AMPK pathway activation also may induce various
virus counteracting modulators expression genes such as that of IFNs, 0AS2, ISG15, and MX, hence adding further
involvement to metformin in blocking some SARS-COV2 pathogenesis mechanism in addition to prohibiting
inflammatory mediators like TNF-a and CCL5. Therefore, via mTOR signaling prohibition, metformin has probably has
SARS-COV2 pathogenesis/replication potentially critical protein counteraction [137].In this context, studies have
demonstrated that metformin use has reduced the hospitalization, enhancing better disease prognosis as well as
mortality rates even by four folds in metformin receiving, SARS-COV?2 infected diabetic patients as compared to the non-
receiving group [298]. An acceptable safety, better prognosis, better glucose level control at 70-180 mg/dL, as well as
lower mortality rate have been reported by (Zhu et al, 2020) for the use of metformin to control blood glucose in both
diabetic and non-diabetic infected individuals [97, 302]. Interestingly, (Chen, et al. 2020) have reported that metformin
can reduce the blood IL-6 level significantly in case of higher albumin level concentration [305]. A third mega study (of
>1300 subjects) has reported similar results of (Luo et al,, 2020) retrospective analysis study of the significant role of
metformin of reducing hospital resistance, good blood glucose level control as well as up to four folds reduction of the
mortality rate among metformin receiving infected patient as compared to the non-receiving ones [282, 284]. In their
retrospective analysis study (Luo et al,, 2020) have carefully elect their study subjects (metformin receivers and non-
receivers) to be of almost equivalent age, sex, clinical severity of covid-19, oxygen requirement and other associated
comorbidities such as hypertension, coronary heart disease, COPD, chronic kidney disease and malignancy. In addition
to a close resembling biochemical results regarding WBCs count, liver enzymes level and kidney function test
parameters besides similar treatment [284]. However, despite the recommended use of metformin by some authors for
its obvious undoubted usefulness [137], others have recommended its use with caution for the clinically unstable state
hospitalized patients, although recommending its discontinuation in cases of sepsis and severe hepatic/ renal
impairments [103]due to its contraindication in these situations [68]. Besides, its reported lactic acidosis [306]
promoting and/or acute renal impairment developing effects particularly in the severely ill patients [302]. Thus, some
medical experts have earlier recommended deserting its use for the SARS-COV2 infected diabetic or non-diabetic
individuals with hyperglycemia particularly in case of developing symptoms like vomiting and loss of appetite [21], due
to such reported side effects that may exaggerate the disease severity as well as bringing about multiple organs
dysfunction including hepatic as well as renal impairments [5, 21, 71, 130, 247, 248].However, experts have reported
that practically despite these reported contraindications of metformin use in case of septic shock, its use for the in-
hospital patients with severe septic shock has remarkably reduced the mortality rate among the receivers as compared
to non-receivers [307].

Ultimately, within the lack of SARS-COV2 specific therapy strict care and control to the infected diabetic patients
euglycemic state in order to ensure normal boasted patients’ innate immune response [5, 121, 308, 309], therefore,
neither un questionable data available for the use of a particular hypoglycemic agents nor avoiding the use of oral
hypoglycemic drugs [31] despite, the fact that the animal studies have demonstrated their ACE up-regulation effect
[240].Some have advised the use of ACEi, ARBs, thiazolidinediones, and liraglutide for their reported potential benefits
[121].In addition, it is not worthy to postulate that initial objective of motorman design as antiviral agent may explain
some of its viruses infection opposing effect as it is designed to counteract influenza virus infection before discovering
its marked hypoglycemic effect as a permanent adverse effect [310, 311].
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4.3. Hyperglycemia DPP-4 Inhibitors Therapy During SARS-COV2 Infection

Attention have been focused on the DPP4-inhibitors, at beginning of SARS-COV2 pandemic emergence, as a promising
glucose level controlling hypoglycemic agent useful for the SAS-COV2 infection hyperglycemia flares besides being
antiviral drug of use. Besides, counteracting effect to MERS-COV infection through blocking its DDP4 mutual receptor
[210] although DPP4 inhibitors such as sitagliptin, vildagliptin and saxagliptinare reported to be ineffective to block the
hCoV-EMC human corona virus invasion to the human bronchial epithelial cells [203]. Various reasons have been
reported to explain the feasibility of using DPP4 inhibitors as a hypoglycemic agent against hyperglycemia in case of
SARS-COV2 infections. First, its reported anti-inflammatory and antifibrotic influences that reduces the extensiveness
of cytokines storm, which in turn provides pulmonary tissues protective effect while the episode of severe disease status
[72]. Second, blocking the DPP4 receptor recently reported to be a potential sub-optimal tissue tropism entry receptor
to SARS-COV2[72, 220] although this postulation is argued by the fact that gliptin type inhibitors such as like sitagliptin,
vildagliptin and linagliptin are proven to bind to a receptor pocket at least other than the MERS-COV [312] and SARS-
COV2 spike protein interaction interface. Third, gilptin type inhibitors can modulate the immune components to a more
controlled immune response [204, 313] as DPP4 is structurally resembles CD26 of T-lymphocytes, besides, enhancing
insulin secretion. However, this receptor blockage by the use of its inhibitors for glycemic control in the infected diabetic
individuals causes reduction of macrophages activity [51], hence, promoting the presumed SARS-COV2 infection
severity. In addition, previous reports have demonstrated that there is no infection acquiring risk incline of their use in
the immune compromised individuals [103, 314]. Fourth, the cardioprotective effect of some gliptin type DDP4
inhibitors like sitgliptin is preformed via ACE inhibition however, its counteraction by ACE inhibitors inclines the risk
of angioedema development by 4-5 folds [315] potentially via bradikinine abolishment as well as substance P
catabolism [316]. Thus, in case of existence of SARS-COV2 infection co-morbidity such as hypertension and
cardiovascular disease some have recommended taken DPP4 inhibitors into consideration [103, 317] as they also have
immune response interfering influence [31].

The immune response inhibitory/modulatory activity and SARS-COV2 infection liability promotion effects of the DDP4
inhibitors is still a paradoxical issue [318] since some meta analysis studies have emphasized their contribution to the
elevation of various infections risks like promoting upper respiratory tract infections vulnerability although not
inclining the risk of acquiring pneumonia [31, 220], while, other meta analysis studies have proposed the opposite [319-
321]. In addition, DPP4 inhibitors also elevates the nasophayringitis as well as urinary tract infections due to its
potential declining to the local inflammatory response because DPP4 is expressed in various immune cells including T-
cells facilitating their activation as well as both CD86 and NFjb pathway expressions which mediate the inflammatory
response [240]. Yet, other have reported no DPP4 inhibitors interference with the T-cells based immune response [322],
hence, their use is not associated with any elevation in pneumonia acquiring risk [323, 324]. Furthermore, like other
oral antidiabetic drugs, DPP4 inhibitors have been reported to interfere with various immune-modulatory biomolecules
[103]. In this context, the thiazolidinone class of DPP4 can counteract the insulin resistance via targeting incretin system
as a part of its hypoglycemic as well as anti-inflammatory effects which is presumed to decline SARS-COV2 infection
disease severity as concluded from the preclinical investigations data [31, 325]. Pioglitazone, for example, have been
reported to exhibit prohibiting influence on the proinflammatory cytokines including IL-6 release via its both anti-
inflammatory and insulin resistance opposing influences besides its other opposing effect against diabetic ketoacidosis,
cardiovascular conditions as well as other metabolic syndrome [326, 327]. Thus, some have recommended including it,
as a hypoglycemic agent co-therapy in case of SARS-COV2 infection in diabetic individuals [327].

Remarkably, the highly selective DPP4 inhibitor, Sitagliptin when has been used for viral infections in cases of existence
or lacking diabetes co-morbidity, it has exhibited a C-reactive protein, total stromal cell-derived factor-1 (CXCL12) and
C-X-C motif chemokine 10reducing effect while, no alteration in the levels of other different twenty seven cytokines as
well as several of the circulating activation factors of the monocytes induced by lipopolysaccharide or anti-CD3 antibody
including CD14 sCD163, IL-6, sDPP4, sTNF-RIV and sTNF-RIL In addition no alterations have been reported in count of
leukocytes (lymphocytes and T-cells) or TNF receptor II [328-331]even one year post starting treatment in type Il
diabetic individuals [332].Nevertheless, the DPP4 inhibitors anti-inflammatory as well as immune-modulatory
influences dependent, SARS-COVZ2infection related cytokine storm counteraction still requires further investigations
[31,103].

Although the majority of the molecular biology studies have considered ACE2 as the virus solely receptors, however, a
significant number of other studies have considered DPP4 as another sub-optimal receptor for unusual tissue tropism,
thus its inhibitor can act as cell entry blocking antiviral as well as hypoglycemic drugs to treat SARS-COV2 infected
diabetic individuals [31, 333, 334]. However, a fundamentally outstanding wanderings is the limit to which one can rely
on oral anti-diabetic drugs particularly the DPP4 inhibitors to affect SARS-COV2 infection severity, prognosis and
outcomes in the diabetic patients, since DPP4 inhibitors can block 50-95% of the membrane bounded as well as
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circulating soluble DPP4 receptors [335] in addition to the reported 21.6% prognosis improvement of SARS-COV2 in
diabetes infected individuals [31, 103, 240, 282].In this context, no significant safety issues was reported for saxagliptin,
alogliptin, sitagliptin, and linagliptin concerning immune/inflammation abnormalities while infections when they are
used for type II DM with the existence of cardiovascular/renal comorbidities according to clinical trial data [336-339].
Some DPP4 inhibitors such as vildagliptin have no influence on the immune response including the level of immune
modulators such as IL-6 or CRP and other inflammatory cytokines [340].In addition, none of the use of DPP4 inhibitors
in either of diabetetic and non-diabetic infected individuals have safety issues even in case of immune compramsiation
[189]. SARS-COV2 infected diabetic individuals treated with DPP4 inhibitors have exploited lower disease severity and
mortality rate [97]. Consequently, ongoing clinical trial for the use of DPP4 inhibitors for diabetic SARS-COV2 infected
individuals, sitagliptin and linagliptin are in the third and fourth phases of clinical trials respectively [48, 130] although
rosiglitazone is reported to elevate ACE in hypertension animal models [341]. However, unsufficient evidences are
available for the long use of DPP4 inhibitors in type Il DM on the SARS-COV2 infection due to this virus infection related
sepsis, hypovolemia and renal impairment that requires dose adjustment for some agents while discontinuation of the
others [146].

Moreover, pioglitazone have been demonstrated to elevate ACE2 expression in both insulin sensitive tissues of liver and
muscle tissues hence promoting these tissues tropism while down regulation of disintegrin and metalloproteinase-17
(ADAM-17) in muscles [4, 240, 242] thus, both clinical practice and pharmacologist have recommended deserting their
use [240, 342, 343] because the mentioned reason besides, elevated correlation to the vulornablity to community
acquired pneumonia [21, 342, 344, 345]. However, its immune prohibiting influence may explain various reports
regarding its lung protective influence against SARS-COV2 infection provoked cytokines storm as well as controlling
blood sugars in the infected diabetes individuals [327]. Consequently, these human studies have reported pioglitazone
related proinflammation cytokines declining effect againstIL-1b, IL-6, IL-8 and TNF-a in addition to its insulin-
resistance counteraction and fibrosis inhibition effects [346, 347] although its use is contraindicated in cases of heart
failure co-morbidity existence [68].

4.4, Hyperglycemia Sodium-Glucose-Transporter-2 (SGLT-2) Inhibitors Therapy During SARS-COV2 Infection

In general, SGLT-2 inhibitors are reported to enhance the SARS-COV2 kidneys tissue tropism as they inclines ACE2
expression/activity in the renal tissues [240], for their renal tissue protective influence in diabetic individuals is
attributed [244, 348] as well as inclining the vasodialtory mediators, Ang 1-7levels although may enhance SARS-COV2
cell entry extent [349, 350].This class of hypoglycemic agents particularly gliflozins are also useful to manage nephron-
and retino-pathies. They exert their hypoglycemic effect via inhibition of renal reabsorption of glucose from kidney
tubules leading an elevated water and electrolytes excretion that may precipitate hypovolemia and dehydrate in male
nourished diabetic individuals. In addition, this class of antidiabetic drugs has a reported immune modulatory influence
via prohibition of pro-inflammatory amatoryes release especially IL-6 [351], highly elevated in most of poor prognosis
cases of SARS-COV?2 infection. Nevertheless, a state of euglycemic ketoacidosis is a potential issue presumed to occur in
acute illnesses including SARS-COV2 among diabetic individuals on SGLT-2 inhibitors therapy [352, 353] which one of
the common diabetes as well as SARS-COV2 infection co-morbidites [354]. Similarly SARS-COV2 infection itself also
develops a state of diabetic ketoacidosis through pancreatic beta-cells tropism caused damage that mediates much
worsened hyperglycemia [355].

Some authors have postulated that, in case of type II DM individuals with mild SARS-COV2 infection oral antidiabetic
drugs probable can be continued in the usual dose, nevertheless, instant and continue modifications should be
considered according the patient’s situation including blood glucose level, fever, dehydration etc. Dehydration, loss of
appetites and hypovolemia necessitate the immediate discontinuation of metformin andSGLT-2 inhibitors, particularly
empagliflozin, dapagliflozin, ertugliflozin, in patients with type Il DM when the disease condition becomes more
seriousin moderate to severe states of infection [48, 68,86, 130] because at least SGLT-2 inhibitors are associated with
development of dehydration and euglycemia ketoacidosis [21, 146, 356] on one had. Thus, drugs of this class
particularly dapaglifozin approval for its use in moderate cases of SARS-COV2 infection is still a paradoxical issue
between authors [72] since some of them have reported its feasibility to decline lactic acidosis during hypoxia in some
infected diabetic individuals. On the other hand, An encouraging opposing effect to the cytokines storm, inflammatory
blocking, as well as cardio/renal protective effects reported to this class of hypoglycemic agents in addition to its
blocking influence to the tissue hypoxia, oxidative stress, autophagy and energy metabolism [146].However, clinical
trial for its assessment regarding declining disease progress and death is continued [72, 146]. Thus, some authors have
recommended their resume of administration after resolving the illness severity for their good outpatient tolerability,
cardio/renal protective and metabolic advantages [86, 356]. Although (Bornstein, et al., 2020) have reported that severe
diabetic ketoacidosis has been encountered in type [ DM SARS-COV2 infected patients on SGLT2 inhibitors therapy
[130].
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Regarding dapagliflozin, some authors have reported that it inclines the blood pH through reducing circulating lactates
via various mechanisms involving lactate/proton symporter activation while Na/hydrogen antiport inhibition. Thus, its
cytosolic pH decline reducing activity is believed to lie behind viral load counteracting effect and reducing SARS-COV2
disease severity in the infected diabetic individuals on its therapy [68, 146, 240, 357]. However, according to theoretical
perspective, dapagliflozin, through NHE inhibition, higher risk of dehydration contribution and acute kidney injury may
cause intracellular acidosis [358] that is exaggerated by the SARS-COV2 developed fever and tachypnea that contribute
to water loss [130].Consequently, some authors have reported their speculations regarding the potential deleterious
influences of using SGLT2 inhibitors in the SARS-COV2infected diabetic individuals [240, 359]. Although only 1%
reported euglycemia diabetic ketoacidosis are encountered with SGLT2 inhibitors, it is postulated that dapagliflozin
dose reduction and its lactate declining effect may lie behind its diabetic ketoacidosis side effect [353].Thus,
reconsidering the use of SGLT2 inhibitors eventide for diabetic individuals who encountered renal functions
impairments due to acquiring SARS-COV2 infection is required after discontinuation while metformin and suflonylureas
requires dose tapering or even discontinuation during such conditions [103].

4.5. Hyperglycemia Glucagon-Like-Peptide-1 (GLP-1) Receptor Agonists Therapy During SARS-COV2 Infection

Few short period studies have been performed regarding the use of the GLP-1 receptor agonists antidiabetic drugs for
cases of preoperative as well as ICU treatment of diabetes [360, 361], yet, short inadequate experiences are available
for its use for critically ill diabetic patients in the ICU units [362], currently the outstanding SARS-COV2 pandemic.
However, a beneficial wide spectrum anti-inflammatory activity including reducing the level of circulating inflammatory
mediators such as cytokines have been reported to these drugs while using by type Il DM obese diabetic individuals
during pulmonary inflammations leading to decline lungs injury whether induced by lipopolysaccharide or
allergens[103, 363-366]. Similarly, it is reported that this class of the antidiabetic drugs can also decline the innate type
2 pulmonary cytokines responses next to viral infections [367]. In addition, this class of drugs particularly liraglutide
when used alone or in combination with insulin also has exhibited a good safety profile in patients with cardiovascular
diseases even in cases of co-existence of inflammatory disorders as well as severe infections [368-373] although some
have recommended eventide discontinuation [146].

Interestingly, some authors has proposed that GLP1 receptor agonists elicit their hypoglycemic activity via influencing
ACE2 and Mas receptors axis pathway related to both inflammation as well as fibrosis processes thus through using this
class of antidiabetic drugs for diabetic SARS-COV2 individuals two advantages are gained, the hypoglycemic effect as
well as counteracting SARS-COV2 virus entry through ACE2 binding compaction [374] beside, their cytokines storm and
insulin resistance counteracting influence through declining the circulating inflammatory mediators [103, 375] despite
their reported nausea and dehydration side effects. Nevertheless, tightly close monitoring is still necessary [130].The
renal and cardiovascular protective influence of both GLP-1 receptor agonists and SGLT-2 inhibitors makes these two
classes of the antidiabetic drugs are rational choices to be used for SARS-COV2 diabetic individuals with both renal
cardiovascular as well as renal co-morbidities [1]. However, ACE2 over-expression inducing effects of the two classes is
the only obstacle facing their prescribe [240] beside the reported gastrointestinal reported adverse effect, thus, medical
experts have recommended avoiding their use [239]. In addition, eventide group of the GLP1 should be immediately
while SAR-COV2 infection onset particularly in presence of renal impairment co-morbidity [68].

Liraglutide, is unfortunately have been reported to elevated ACE2 expression in both lung and heart tissues [240, 243]
making them much susceptible to SARS-COV2 tropism despite this enhanced ACE2 expression as well as its mutual anti-
inflammatory influence are beneficial for acute lung and cardiovascular tissues damage mitigation [376]. Besides, in
type I DM animal models, it can also enhance lung tissues ACE2 expression while inclining the circulating Angiotensin(1-
7) levels without affecting glycemic control or insulin level [243]. This probably happens via direct lungs GLP-1R
signaling pathway- liraglutide without influencing the pancreatic hormones release [103]. Interestingly, both liraglutide
and linagliptin (DPP4 inhibitor) have been reported to exhibit cardio-protective as well as antihypertensive influences
[377] which as useful for such SARS-COV2 infected diabetic patients with hypertension and other related cardiovascular
illnesses.

In fact, there are very limited clinically approved evidences reported regarding the benefit/disadvantages of ACE2 or
DPP4 targeting drugs to be included as corona viruses infections particularly in the existence of diabetes/metabolic
burden of the virus infection. The clinical experience evidences for their use as an oral replacement to parenteral insulin
for the critically ill hospitalized diabetic patients with SARS-COV2 infection are still inadequate. However, both of the
orally administered DPP4 inhibitors and GLP-1 receptor agonists have been reported to be successfully used to control
the glycemic state in hospitalized patients with making use of their anti-inflammatroy advantages. Therefore, it is
obvious that both theoretical perspectives as well clinical evidences/back grounds support the use of parenteral insulin
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as a hypoglycemic agent of choice for non-diabetic individuals hyperglycemia flares/diabetic individuals with SARS-
COV2 infection [103] although tightly close and continues blood glucose monitoring is required.

5. The use of other drugs

Identifying the existent co-morbidity as accompanying risk factor that determines the prognosis of SARS-COV2 infection
in diabetic individual is the cornerstone for both medical intervention and preventing the deleterious fate of the
infection [357]. The benefit of using angiotensine converting enzyme (ACE) inhibitors or angiotensine II (Ang II)
receptor blockers is a matter of controversy between authors. Some have proposed that using of ACE inhibitors or Ang
II blockers, prescribed for patients with cardiovascular and nephropathy condition, is correlated to a lower mortality
rate [103, 378-381], thus, recommending their use [382] for their renal/cardiovascular protective, anti-inflammatory
insulin sensitivity maintenance influences besides the (Ang II) receptor blockers normal coagulation functions
maintenance [383, 384].While, the others not agree with that speculation [379, 380] as the utilization of these two
classes of the antihypertension drugs for diabetic individuals are co-related to the up regulation of ACE2 receptor
compensation to the inclined levels of angiotensines, thus enhancing viral tissues tropism [4, 121, 385] particularly the
lungs, heart, intestine, kidney and vascular endothelium leading to poor prognosis and elevated mortality rate
[4].Losartan for example inhibits the internalization/cytosolic catabolism of ACE2 receptors via inhibiting angiotensin
Il interaction with the AT1 receptor [4, 386].It is reported that ACE inhibitor use in diabetic individuals infected with
SARS-COV2 inclines the disease severity [14, 33].However, a third group of author have reported a neutral impact on
SARS-COV2 infection severity, prognosis or mortality rate [282].1t is believed that this paradoxical influences to the
ACE?2 receptor polymorphism caused by diabetes and SARS-COV2 infection. However, some reported that no valuable
evidences have been presented for the involvement of these two classes of drugs in the up regulation of ACE2 receptor
[183, 387]. Thus, in the co-existence of cardiovascular as well as hypertension co-morbidities it is proposed that renin-
angiotensin-aldosterone system (RAAS) blockers as well as dipeptidyl peptidase (DPP)-4 inhibitors should be avoided
as they may enhance SARS-COV2 virus cell entry, although DPP4 inhibitors has immune system interference [31, 103,
317, 379]. Others have reported that its reduce tracheal intubation in the virus infection [388, 389]. In addition, DPP4
inhibitors, angiotensin Il receptor blockers, ACE inhibitors advantages for use in diabetic infected individuals are not
exclusively confirmed [390].

Hydroxychloroquine is hypothesized to inhibit the SARS-COV2 virus spike protein-ACE2 receptor interaction via pH
dependent receptor stereochemistry changes induced by its cytosolic pH inclining effect [349, 391].
Hydroxychloroquine alone or in combination with zinc supplement is safe to be used for the treatment of SARS-COV2
in diabetic individual [392]. However, it is reported that hydroxychloroquine induces non-insulin hypoglycemia
associated with QT wave interval abnormality that may precipitate many complications such as cardio-vascular,
cerebrovascular, as well as neurologic complications [67]. In fact, hydroxychloroquine use for SARS-COV2 infection is
primarily considered for its immune modulatory influence, yet, the existence of diabetes retino- as well as cardio-
pathies should be considered prior administration [240, 393]. Interestingly, in India, hydroxychloroquine is
recommended as a third line added drug to treat type I DM at a dose of 400 mg as it reduce the blood sugar via two
potential modes of action. The first; involve inhibition of insulin degradation via its intracellular pH inclining effect, thus,
insulin in its active form elicits additional activity. The second, involve reducing insulin resistance via its immune
modulatory effect that reduces cytokines release particularly IL-6 as well as TNF a [240, 394]. Furthermore,
hydroxychloroquine also exhibits its SARS-COV2 induced cytokine strom via inhibition of virus antigen release through
inclining the intracellular/endosomal pH, cytosolic Toll-like receptor (TLR)-signaling, pro-inflammatory cytokines
transcription as well as T-cells activation [392, 236]. Diabetic individuals with asymptomatic SARS-COV2 infection who
are on hydroxychloroquine have been recommended to monitor their blood glucose for hypoglycemia. In addition, other
oral hypoglycemic drugs must be taken in consideration to avoid the potential hypoglycemia, metformine dose should
be reduced while and SGLT2 inhibitors, GLP1 analogues should be discontinued [395].

6. Conclusion

Hyperglycemia is an outstanding issue associated with several microbial infection particularly in case of diabetes co-
existence however, some viral infections deteriorates the infected diabetic individuals glycemic state as frequently
reported for SARS-COV2 viral infection. Reports have established the higher prevalence, poorer prognosis as well as
higher mortality rates associated with SARS-COV2 infection among diabetic individuals. Consequently, all authors and
medical practitioners have globally recommended good glycemic control for ensuring reducing disease severity as well
as better survival rate. Up to date, insulin is the hypoglycemic agent of choice for treating hyperglycemia condition
encountered during the onset of SARS-COV2 infection although a tightly close monitoring to blood glucose is required
in order to avoid hypoglycemia especially in critically ill or ICU admitted patients who are intolerant of food intake.
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Nevertheless, paradoxical speculations and reports are issued regarding oral hypoglycemic agents, although good
reports about additional advantages of immune modulation, anti-inflammatory, cardiovascular and renal protective
beside their hypoglycemic effects are reported to (GLP-1) Receptor Agonists, Sodium-Glucose-Transporter-2 (SGLT-2)
Inhibitors, pioglitazone. Although, several reports about various side effects associated with these drugs including
dehydration hypovolemia, gastrointestinal and precipitating lactic acidosis side effects. Thus, paradoxical speculations
and recommendation are reported for this class of drugs. Some authors and clinical experts recommended their
discontinuation in cases of GI symptoms and severe illness, while, the others recommended their use at least for the
mild cases of infection in diabetic patients. However, few data analysis reports are issued regarding oral hypoglycemic
drugs use in practice, while the current SARS-COV2 in order to conclude an exclusive judgment for their clinical
feasibility.
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