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Abstract 
Studies in the biology of viral infection and clinical disease management have shown that differences in 

the prevalence and severity of COVID-19 are associated with the high affinity of Covid-19 S protein for ACE2, 

suggesting that populations with higher ACE2 expression may be more susceptible to the COVID-19 infection. 

Current information indicates that induced hyperglycaemia affects the phagocytic function of mononuclear and 

polymorphonuclear cells, contributing to the growth of aggressive pathogenic subgingival flora. As a result, 

periodontal infection can cause systemic inflammation by releasing cytokines and metalloproteinases (MMP) into 

the circulatory system derived from periodontal disease and destroying tissues, which can exacerbate or aggravate 

chronic insulin resistance. In the periodontitis - diabetes mellitus - COVID-19 triad, uncontrolled hyperglycaemia 

increases the risk of periodontitis and the onset of ACE2 overexpression, as well as decreased MMP activity in 

the periodontal tissue of patients with type 2 diabetes; these events could be essential for SARS-CoV-2 infection 

and COVID-19 development. 
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Introduction 

1. Pathophysiology of COVID-19 

According to available studies, the 

usual duration for medical observation and 

quarantine of people exposed to SARS-

CoV-2 infection is 14 days. [1] Common 

clinical features of COVID-19 include 

fever, fatigue, dry cough, and myalgia; 

atypical symptoms are also observed, such 

as headache, anosmia, abdominal pain, 

diarrhoea and nausea [2] The onset of the 

disease can lead to progressive respiratory 

failure due to alveolar lesions and even 

death.[3] Recent studies indicate that 

angiotensin II conversion enzyme (ACE2) 

is likely the target receptor for COVID-19, 

the same host receptor for SARS-CoV-1 

and NL63.[4] Coronavirus protein S can 

bind to host receptors to facilitate viral 

entry into target cells, and serine cell 

protease is used to initiate S protein. 

Furthermore, overexpression of ACE2 in 

various HeLa cell lines has been shown to 

allow COVID-19 infection and 

replication.[5] However, COVID-19 does 

not use other coronavirus receptors, but is 

similar to SARS-CoV-1, which could result 

in similar transmissibility and pathogenesis 

of the disease. [6] Furthermore, studies on 

the biology of viral infection and clinical 

disease management have shown that 

differences in the prevalence and severity 

of COVID-19 are associated with the high 

affinity of COVID-19 S protein for ACE2, 
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suggesting that populations with higher 

ACE2 expression may be more susceptible 

to COVID-19 infection [7] (Figure 1).  

 
FIG. 1. The life cycle of SARS-CoV-2 in host cells (after (Qiu et al., 2020) [7] 

 

SARS-CoV-2 enters target cells via 

an endosomal pathway through S proteins 

that bind to the cellular receptor 2 (ACE2) 

conversion enzyme. After the virus enters 

the host cells, the viral RNA is revealed in 

the cytoplasm. The complex leads to the 

production of negative-sense RNAs by both 

replication and transcription. Finally, viral 

nucleocapsids are assembled from genomic 

RNA and protein N in the cytoplasm. 

Virions are then released from the infected 

cell by exocytosis. [8] 

 

2. ACE2 expression in type 2 

diabetes mellitus 

The main condition underlying the 

development of complications in patients 

with type 2 diabetes is poor glycaemic 

control, which alters microvascular 

function in the vascular beds of the lungs, 

kidneys and periodontal tissue. [9] The 

renin-angiotensin system is involved in 

these events and induces vasoconstriction 

and cell proliferation. [10] In addition, 

uncontrolled blood sugar lowers the level of 

A / B surfactant proteins in the lungs, 

activating the vasoconstrictor component of 

the renin-angiotensin system, which in turn 

increases the level of angiotensin II and 

ACE2 in lung tissue. Moreover, in patients 

with diabetes, RAS promotes decreased 

insulin secretion and sensitivity, as well as 

the progression of diabetic cardiovascular 

complications. [11] Therefore, increased 

plasma ACE2 activity plays a key role in 

cardiovascular diseases secondary to 

diabetes. 

The expression and distribution of 

ACE2 in the human body may indicate 

potential routes of SARS-CoV-2 infection, 

which have major implications for 

understanding pathogenesis and designing 

therapeutic strategies. Some studies have 

shown that ACE2 is potentially expressed 

in the oral cavity and is increased in 

epithelial cells.[12,13,14] According to Xu 

et al. (2020) [12], ACE2 expression proved 

to be slightly higher in the lingual mucosa 

than in other oral tissues. Moreover, ACE2 

is expressed in oral cells (fibroblasts and 

epithelial cells) and immune system cells 

(B and T cells). The highest levels of ACE2 



Romanian Journal of Medical and Dental Education 

Vol. 11, No. 2, March-April 2022 

 

58 
 

expression are observed in the epithelial 

cells of the tongue. [13] reported moderate 

expression of the ACE2 gene in the salivary 

glands. There was no significant difference 

in ACE2 expression between age groups or 

between sexes [13] By 

immunohistochemistry, [15] identified a 

difference in ACE2 expression between the 

layers of the squamous epithelium of the 

tongue. ACE2 has also been found in the 

epithelial cells of the taste buds. 

The ACE2 gene was also found in the 

cytoplasm and the nucleus of the spinal 

basal layer of the squamous gingival 

epithelium. ACE2 expression was found in 

the ductal epithelium and serous cells of the 

submandibular gland, and RT-PCR results 

showed ACE2 expression in fungal cell 

cultures of taste buds.[15]  Huang et al. 

(2020) [16] demonstrated the expression of 

ACE2 in different types of mucosal 

epithelial cells: basal 1, basal 2, basal 

cycles, suprabasal, serous acini, mucous 

acini and myoepithelium [16] The ACE2 

gene has been shown to be expressed in the 

salivary glands by Pascolo et al., but the 

ACE2 protein has not been found in this 

oral tissue [14]  ACE2 expression in the 

tissues of the tongue, lips and jugal mucosa 

was demonstrated by [17,18]  found that 

ACE2 is expressed in the salivary glands.  

Finally, the immunohistochemistry 

results reported by [19] showed that the 

anatomical areas with the highest 

expression of ACE2 were the lips, tongue, 

oral mucosa and gingival and palatal tissue. 

The cells of these anatomical locations that 

expressed the most ACE2 were the 

epithelial cells of the basal layer, followed 

by fibroblasts and endothelial cells.[19] 

These findings strongly suggest that the 

oral mucosa may be a potential pathway 

with a high risk of SARS-CoV-2 infection. 

 

3. Do periodontitis and type 2 

diabetes increase SARS-CoV-2 infection 

by ACE2? 

It is unclear whether hyperglycaemia 

is only a marker of disease severity in 

patients with COVID-19 or whether 

intensive treatment of hyperglycaemia will 

decrease mortality or other adverse 

outcomes. However, it has been reported 

that achieving glycaemic control shortly 

after hospitalization in both ICU and non-

ICU settings may have an effect on 

outcomes in patients with COVID-19.[20]  

For the best knowledge of the 

authors, the current information mentions 

that the induced hyperglycaemia affects the 

phagocytic function of mononuclear and 

polymorphonuclear cells, contributing to 

the growth of aggressive pathogenic 

subgingival flora. As a result, periodontal 

infection can cause systemic inflammation 

by releasing cytokines and 

metalloproteinases into the circulatory 

system derived from periodontal disease 

and destroying tissues, which can 

exacerbate or aggravate chronic insulin 

resistance. [21] Both diseases have a 

qualitatively similar immunomodulatory 

cascade and a cytokine profile. [20] 

Moreover, periodontal disease can increase 

blood sugar, leading to longer periods of 

time in which the body functions under 

hyperglycaemic conditions, which affects 

the function of the nonspecific immune 

system and can increase viral replication 

(Pfützner et al., 2020). [21] In this sense, 

periodontitis is significantly more common 

in people with type 2 diabetes, and people 

suffering from periodontitis have an 

increased risk of developing type 2 diabetes 

and diabetic complications. [22] 

Hyperglycaemia can induce glycation 

of non-enzymatic proteins, and the 

resulting advanced glycation end products 

(AGEs) have been shown to stimulate 

macrophages, causing them to release 

cytokines such as IL-6 and TNF-α, as well 

as C-reactive protein.[23] 

The expression of these 

proinflammatory mediators has been linked 

to oral infection and therefore there is a 

possible increased risk of COVID-19 

infection in patients with periodontal 

disease. Hyperglycaemia also makes 
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individuals more prone to other infections, 

causing rapid damage. Glycaemic 

regulation is thus necessary not only in 

diabetic patients with COVID-19, but also 

in those who have experienced acute 

hyperglycaemia.[12] 

Furthermore, polymorphic 

leukocytes and nuclear monocytes can be 

induced by periodontal pathogens. This 

mechanism has the potential to cause 

oxidative stress and damage to periodontal 

tissue. [20] If the cellular stress is severe, 

the ability of the specific response to 

resolve it will be overwhelmed. The 

integrated stress response (SRI) signalling 

pathway begins when different stressors 

activate at least one member of a family of 

four serine / threonine kinases - PKR-like 

endoplasmic kinase reticulum (PERK 

double-stranded RNA protein kinase 

(PKR)), regulated eIF2a hemokinase (HRI) 

and general non-depressant control 2 

(GCN2) [22] During COVID-19 infection, 

viral RNA fragments can activate PKR, 

causing phosphorylation of IRS-1 serine 

and insulin resistance; it has been suggested 

that ISR is often accompanied by insulin 

resistance. In addition, the cytokine storm, 

as well as an improvement in hormonal 

signalling, such as AII and cortisol, will 

stimulate some of the four kinases, 

generating insulin resistance.[24] 

Both local and systemic oxidative 

stress can be exacerbated by periodontal 

disease. The synthesis of reactive oxygen 

species (ROS) is dramatically increased 

during inflammation, primarily by non-

specific immune system cells such as 

neutrophils and macrophages.[25] SARS-

CoV-2-induced viral pneumonia causes an 

overactive immune response; almost 

always, this pathological mechanism is 

followed by oxidative stress.  

Viral factors that trigger severe 

inflammatory responses in macrophages 

during COVID-19 infection are 

unclear.[26] However, the SARS-CoV-2 3a 

protein bears a 72% similarity to its 

SARSCoV-1 counterpart, an unstructured 

viral protein that activates the NLRP3 

inflammasome in macrophages, which is 

accompanied by IL-1 activation and 

increased mtROS levels. It has been 

proposed that increased mtROS production 

promotes both viral replication and 

monocyte activation.[26] 

The RAS system is functional in both 

healthy and affected periodontal tissue 

under normal conditions.[27] Similarly, 

gingival samples from healthy donors show 

strong expression of ACE2 and MasR. [28] 

In contrast, ACE2 expression and 

production are low in periodontal 

disease.[29] Therefore, the ACE2 / Ang- 

(1-7) / MasR axis is inhibited in dysbiotic 

and inflammatory periodontal 

environments. However, the balance of 

ACE2 activity is altered in the context of 

concomitant diabetes. ACE2 and MasR 

expression and production are higher in 

conditions of uncontrolled blood glucose 

and periodontitis. [30,31]  These data 

suggest that ACE2 expression is elevated in 

periodontitis-associated diabetes. On the 

other hand, the mechanism related to the 

entry of SARS-CoV-2 into cells is 

correlated with endocytosis and an 

internalization of ACE2; consequently, a 

lower level of ACE2 leads to low Ang II 

degradation. The immune system responds 

to viral replication by down-regulating 

ACE2 expression, resulting in a variety of 

acute inflammatory lesions. 

Reduced cell surface ACE2 levels, 

low Ang II degradation, and Ang1-7 

generation could be the consequence of an 

ACE2-SARSCOV-2 association. 

Moreover, internalization of ACE2 may 

increase the Ang II / Ang1-7 ratio, 

potentially exacerbating the inflammatory 

pattern of SARS-CoV-2 infection. [32] 

ACE and Ang II can also promote 

dysfunction by activating COX-2, 

generating vasoactive prostaglandins and 

reactive oxygen species. Moreover, Ang II 

favours the recruitment of infiltrating 

inflammatory cells in tissues by stimulating 

the production of specific cytokines / 
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chemokines. [32] Moreover, MMPs have 

been linked to coronavirus entry and cell-

cell fusion. [33] In this regard, a study 

showed a decrease in MMP-2 salivary 

activity by uncontrolled blood glucose in 

patients with type 2 diabetes[34]  (Fig. 2).

  

 
Figure 2. Schematic model for how periodontal disease and type 2 diabetes increase 

ACE2 expression in periodontal tissue (after Arreguin-Cano et al., 2019). 

 

Therefore, uncontrolled 

hyperglycaemia increases the risk of 

periodontitis and the onset of ACE2 

overexpression, as well as decreased MMP 

activity in the periodontal tissue of patients 

with type 2 diabetes; these events could be 

essential for SARS-CoV-2 infection and 

COVID-19 development. 

Another factor to consider is that 

people with periodontal disease are more 

likely to have complications, such as 

pneumonia. Oral pathogens can intensify 

lung infection by their aspiration into the 

lower respiratory tract.[35] Various 

respiratory conditions, such as influenza, 

asthma and chronic obstructive pulmonary 

disease, are linked to type 2 diabetes. 

Diabetic patients also have increased 

mortality due to influenza pneumonia, as 

seen with the H1N1 virus.[12] Finally, 

another aspect that should be investigated is 

the relationship of ACE2 polymorphisms to 

diabetes and periodontitis. 

 

Conclusions  

In the periodontitis - diabetes mellitus 

- COVID-19 triad, uncontrolled 

hyperglycaemia increases the risk of 

periodontitis and the onset of ACE2 

overexpression, as well as decreased MMP 

activity in the periodontal tissue of patients 

with type 2 diabetes; these events could be 

essential for SARS-CoV-2 infection and 

COVID-19 development. 
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