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Abstract
This overview was conducted to highlight the importance of adequate oral hygiene for patients severely 
affected by coronavirus disease 2019 (COVID-19) due to infection with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). These are patients who were admitted to the intensive care unit (ICU) to 
receive oxygen through mechanical ventilation due to severe pneumonia as a complication of COVID-19. 
Various dental plaque removal methods for ventilated patients were discussed with regard to their efficacy. 
The use of chemical agents was also considered to determine which one might be proposed as the best 
choice. Also, oral care programs or systems that can be implemented by ICU nurses or staff in the case 
of  these ventilated patients were suggested based on evidence from the literature. These interventions 
aim to reduce microbial load in dental plaque/biofilm in the oropharynx as well as the aspiration of the 
contaminated saliva in order to prevent the transmission of the dental plaque bacteria to the lungs or other 
distant organs, and reduce the mortality rate.
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Introduction
The development of  non-oral diseases may be pro-

moted directly or indirectly by periodontal patho-
gens. Gram-negative anaerobic bacteria, which can be 
found in abundance in the oral cavity, release endo-
toxins that may directly contribute to the development 
of systemic diseases. This association was described by 
Socransky et al. as early as in 1998.1 These oral patho-
genic bacteria may reach other organs, such as the 
lungs, by direct inoculation or travel to distant organs 
via the bloodstream or the lymphatic system. Bacte-
rial accumulation on the teeth due to inadequate oral 
hygiene, with or without other environmental factors, 
may induce not only the host inflammatory response, 
with the possible consequences of bone loss and sub-
sequent periodontitis,2 but also become systemically 
detrimental to the individual.

Coronavirus disease 2019 (COVID-19) was first dis-
covered in Wuhan, China, at the end of 2019. Unfortu-
nately, COVID-19 spread rapidly on a global scale and 
led to a  full-blown pandemic that was announced by 
the World Health Organization (WHO) and the Public 
Health Emergency of  International Concern (PHEIC) 
in March 2020. The first confirmed death associated 
with COVID-19 was in Wuhan on January 9, 20203 and 
the first death outside of mainland China was reported 
in February in the Philippines.4 The first casualty out-
side of Asia occurred in France and was recorded on 
February 14, 2020.3 By the end of February, many more 
deaths related to COVID-19 had been recorded in 
countries outside of  mainland China, including Iran, 
South Korea and Italy. By March 2020, when the dis-
ease was declared a  pandemic, many more countries 
had reported deaths caused by COVID-19.5 As of Sep-
tember 30, 2020, according to WHO, the death toll due 
to COVID-19 had reached 1,004,421.6

Methodology
The relevant literature was selected from 3 databases, 

including Web of Science, PubMed and Google Scholar 
searches. To ensure all relevant studies were included in 
the search outcome, keywords were carefully selected, 
and each keyword was searched both separately and to-
gether with the keyword “COVID-19”. Other keywords 
used were as follows: “cytokine storm”; “plaque control”; 
“oral care”; “oral hygiene care (OHC)”; “mechanical ven-
tilation”; “intensive care unit (ICU)”; and “ventilator-as-
sociated pneumonia (VAP)”. Only articles in English were 
considered. The articles were chosen based on their as-
sociation with the title of  this literature review in terms 
of their title, relevant abstract and full-text, as long as they 
were related to the topic and aim of this overview 

Cytokine storm and COVID-19
The leading cause of death for patients affected by CO-

VID-19 is respiratory failure, which is consistent with the 
typical cause of death related to other viruses. This was de-
termined by Chen et al. and reported in their article describ-
ing the epidemiological and clinical characteristics of  99 
cases of COVID-19 pneumonia in Wuhan, China.7 Their 
descriptions coincide with those of Wang et al.8 In order 
to improve the survival rate of  severely affected patients, 
invasive mechanical ventilation has been recommended. 
This was suggested by Xie et al. as part of COVID-19 man-
agement in China.9 Such patients undergo mechanical ven-
tilation until their lungs recover from the injury. Mortality 
from COVID-19 can be due to other reasons, including 
septic shock and multi-organ failure. Xie et al. reported that 
as of February 10, 2020, about 15% of patients in Wuhan 
developed severe pneumonia and 6% required ventilatory 
support.9 Of those who died before January 30, 2020, ap-
prox. 25% received extracorporeal membrane oxygenation 
(ECMO).9 The role of secondary bacterial infection in re-
ducing patients’ survival has been mentioned in the litera-
ture, including articles by Huang et al.10 and Liu et al.,11 but 
the mechanism has not been described clearly. COVID-19 
is associated with other complications that may lead to 
death, including cardiac shock caused by acute myocardial 
injury, myocarditis and acute kidney injury.8,10 Table 1 sum-
marizes the literature on the reported COVID-19 cases.

According to a  review by Ragab  et  al., the innate im-
mune response involves the activity of various inflamma-
tory cytokines and chemokines.12 Three of the most im-
portant cytokines are interleukin (IL)-1, IL-6 and tumor 
necrosis factor-alpha (TNF-α). They are mainly produced 
and released by tissue macrophages, mast cells, endothe-
lial cells, and epithelial cells. The term “cytokine storm” 
is used to describe a  sudden acute increase in circulat-
ing proinflammatory cytokines, including IL-1, IL-6 and 
TNF-α, and interferon (IFN) due to the migration of im-
mune cells, such as macrophages, neutrophils and T cells, 
from the circulation to the site of infection. The sudden 
increase ultimately results in the destruction of host tis-
sues, brought about by the disruption of the endothelial 
cell–cell interaction, vascular barrier and capillary dam-
age, and diffuse alveolar injury. 

Clinically, a cytokine storm is a life-threatening situation 
in which the patient requires intensive care due to a high 
risk of death. Patients experiencing a cytokine storm typi-
cally exhibit symptoms of  significant systemic inflamma-
tion, such as intense fever and hyperferritinemia, hemody-
namic instability, and eventually multi-organ failure that 
can lead to death if not addressed urgently. These symp-
toms are believed to be the effect of increased levels of cir-
culating proinflammatory cytokines, such as IL-1, IL-6, 
IL-18, interferon-gamma (IFN-γ), and TNF-α. Acute lung 
injury is one of the possible consequences, and it may even 
advance into acute respiratory distress syndrome (ARDS).13
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According to a review article by Coperchini et al., ARDS 
can be defined as the presence of bilateral lung infiltrates 
accompanied by severe hypoxemia.14 A  cytokine storm 
can not only result in ARDS, but also in a range of clinical 
circumstances, such as pneumonia, sepsis, pancreatitis, 
and the need for a blood transfusion. It has been suggest-
ed that the pathogenesis of ARDS involves inflammatory 
injury to the alveolocapillary membrane,which leads to 
increased lung permeability and the exudation of protein-
rich pulmonary edema fluid into the airspaces, which re-
sults in respiratory insufficiency.15

One of  the main causes of  morbidity and mortal-
ity for COVID-19 patients is the development of ARDS, 
which consequently leads to low oxygen saturation. 
The exact mechanism of  ARDS in COVID-19 patients 
is still not fully understood, but reports by Chen et al.,7 
Huang et al.10 and Lai et al.16 suggest that the excessive 
synthesis and release of proinflammatory cytokines may 
be one of  the key contributing factors. There is further 
support for this hypothesis, as it has been found that cir-
culating levels of white blood cells, neutrophils, procalci-

tonin, C-reactive protein (CRP), and other inflammatory 
indices were significantly higher in COVID-19 patients 
in ICU as compared to non-ICU patients.8,17 Another re-
view by Tang et al. proposes that severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection acti-
vates the innate and adaptive immune responses,18 which 
leads to uncontrolled inflammatory responses, and ulti-
mately to a  cytokine storm.19 The review also suggests 
that SARS-CoV-2 infection not only causes an  inflam-
matory cytokine storm, but that a  cytokine storm may 
lead to ARDS or extrapulmonary multi-organ failure,20 
which can result in the exacerbation of  COVID-19, or 
even death.18 Table  2 summarizes the literature on the 
cytokine storm related to COVID-19 cases.

Chen et al.,7 Wang et al.,8 Huang et al.,10 and Liu et al.11 
all reported similar major symptoms of  COVID-19 at 
the initial onset of  the disease. These major symptoms 
include fever, coughing, myalgia/muscle ache, and fa-
tigue. These articles also listed some of the less common 
symptoms, which include headache, diarrhea, chest 
pain, nausea, and vomiting. The majority of  patients 

Table 1. Literature on the reported coronavirus disease 2019 (COVID-19) cases

Articles Type of literature Relevant main findings

Ruan et al.4
letter to the editor 
on a retrospective 
multi-center study

– The predictors of a fatal outcome in COVID-19 patients included age, the presence of underlying diseases, the 
presence of secondary infection, and elevated inflammatory indicators in the blood.

– The results obtained from this study also suggest that mortality for COVID-19 might be due to virus-activated 
“cytokine storm syndrome” or fulminant myocarditis.

Chen et al.7
retrospective 
single-center 

study

– The 2019-nCoV infection had a clustering onset, was more likely to affect older men with comorbidities and could 
result in severe, or even fatal respiratory diseases, such as ARDS.

– The early identification and timely treatment of critical cases of 2019-nCoV infection are important.
– Effective life support and the active treatment of complications should be provided to effectively reduce the severity 

of patients’ condition.

Wang et al.8
retrospective 
single-center 

study

– Among 138 hospitalized patients with 2019-nCoV-infected pneumonia, the median age was 56 years and 54.3% 
were men.

– Common symptoms included fever (98.6%), fatigue (69.6%) and a dry cough (59.4%).
– Chest CT showed bilateral patchy shadows or ground glass opacities in the lungs of all patients.
– 36 patients (26.1%) were transferred to ICU due to complications, including ARDS (61.1%), arrhythmia (44.4%) and 

shock (30.6%).
– Patients treated in ICU (n = 36), in comparison with patients not treated in ICU (n = 102), were older (median age: 66 

years vs 51 years) and more likely to have underlying comorbidities (72.2% vs 37.3%), dyspnea (63.9% vs 19.6%) and 
anorexia (66.7% vs 30.4%).

– Of the 36 cases in ICU, 11.1% received a high-flow oxygen therapy, 41.7% non-invasive ventilation and 47.2% invasive 
ventilation (4 were switched to ECMO).

Huang et al.10
retrospective 
single-center 

study

– By January 2, 2020, 41 admitted hospital patients had been identified as having laboratory-confirmed 2019-nCoV 
infection.

– Most of the infected patients were men (73%), and less than half had underlying diseases (32%), including diabetes 
(20%), hypertension (15%) and CVD (15%); the median age was 49.0 years (IQR: 41.0–58.0).

– Common symptoms at the onset of the illness were fever (98%), cough (76%), and myalgia or fatigue (44%); less 
common symptoms were the production of sputum (28%), a headache (8%), hemoptysis (5%), and diarrhea (3%); 
dyspnea developed in 55% of patients, 63% of patients had lymphopenia and all 41 patients had pneumonia with 
abnormal findings on chest CT.

– Complications ARDS (29%), RNAaemia (15%), acute cardiac injury (12%), and secondary infection (10%).
– In comparison with non-ICU patients, ICU patients had higher plasma levels of IL-2, IL-7, IL-10, GSCF, IP-10, MCP-1, 

MIP-1α, and TNF-α.

Liu et al.11 retrospective 
multi-center study

– The majority of patients with 2019-nCoV pneumonia presented with fever as the first symptom, and most showed 
the typical manifestations of viral pneumonia on chest imaging.

– Middle-aged and elderly patients with underlying comorbidities are susceptible to respiratory failure and may have 
poorer prognoses.

2019-nCoV – 2019 novel coronavirus; ARDS – acute respiratory distress syndrome; CT – computed tomography; ICU – intensive care unit; ECMO – extracorporeal 
membrane oxygenation; CVD – cardiovascular diseases; IQR – interquartile range; IL – interleukin; GSCF – granulocyte colony-stimulating factor; IP-10 – interferon 
gamma-induced protein-10; MCP-1 – monocyte chemoattractant protein-1; MIP-1α – macrophage inflammatory protein-1 alpha; TNF-α – tumor necrosis factor-alpha.
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(in the case of 1 center, all reported patients10) developed 
pneumonia with the evidence of  bilateral lung lesions 
based on various imaging investigations. Acute respira-
tory distress syndrome was described as one of the com-
plications of COVID-19, with some patients reported to 
deteriorate quite rapidly. This pattern of  deterioration 
makes it necessary to transfer patients to ICU, where 
they can receive non-invasive or invasive ventilation as 
well as ECMO. Patients in the older age range (median 
(Me): 49–57 years) with complications due to underlying 
systemic conditions, such as hypertension, cardiovascu-
lar diseases (CVD) and diabetes, have poorer prognoses. 
This is consistent with the findings of Yang et al., who 
documented cases of COVID-19 in China.21

Mechanical ventilation  
and poor oral health 

For patients receiving mechanical ventilation, poor oral 
health is a common issue. This concern was highlighted 
by Adib-Hajbaghery et al. in an article published in 2013.22 
Poor oral health can be a significant concern, as these pa-
tients often develop oral health problems in a short period 
of time due to numerous causes, including malnutrition, 
the placement of  the tracheal tube and the nasogastric 
tube in the oral cavity, a  reduced fluid intake, reduced 
salivation caused by prolonged mouth opening, and poly-
pharmacy. These reasons were discussed by Kaya et al.23 
Atypical pneumonia has been reported in some cases 
of COVID-19 and, as suggested by Huang et al., it may be 
associated with secondary bacterial infection.10 For this 
reason, special attention should be given to oral health 
and periodontal-related diseases in particular, as the latter 
are commonly associated with Gram-negative pathogenic 
bacteria, which can potentially complicate the condition 
of COVID-19 patients.

Due to its distinctive low oxygen tension and pH, which 
tends to skew toward an acidic environment, as well as the 
abundance of nutrients in the mouth, the oral cavity is re-
garded as an ideal microbial incubator. According to Fields, 
either naturally occurring (e.g., enamel and cementum) or ar-
tificially introduced (e.g., dental restorations, fixed or remov-
able prostheses, and implants) hard surfaces in the mouth 
favor the formation of microbial sediments, which results in 
the establishment of dental biofilm.24 For reasons mentioned 
earlier, namely a reduced fluid intake and reduced salivation, 
dental biofilm is more likely to form and evolve in ICU pa-
tients as compared to other patients. This finding was report-
ed in a study by Panchabhai et al. as early as in 2009.25

In a study by Pedreira et al. on children receiving mechani-
cal ventilation over a period of 48 h, Gram-negative bacteria 
were found to be the prevalent pathogens in their oropha-
ryngeal secretions.26 Since dental biofilm mass increases 
over time, combined with the accretion of aerobic and anaer-
obic bacteria and subsequent colonization by predominantly 
anaerobic Gram-negative bacteria, the presence of  dental 
biofilm may be an essential factor in determining the com-
position of  oral and pharyngeal environment. This was 
highlighted in a literature review authored by Hillier et al.27 
Furthermore, other studies, including that by Rello et al.,28 
suggested that biofilm within the oral cavity could be popu-
lated by respiratory pathogens, and that the microbes asso-
ciated with nosocomial pneumonia were found to originate 
from the oral cavity. Therefore, the presence of  poor oral 
conditions can potentially endanger patients admitted to 
ICU, especially those undergoing mechanical ventilation.

Studies by Scannapieco  et  al.29 and Panchabhai  et  al.25 
suggested that some of  the bacteria in dental plaque, in-
cluding Staphylococcus aureus and Pseudomonas aerugi-
nosa, can be major causes of VAP. In fact, Adib-Hajbagh-
ery et al.22 and Haghighi et al.30 examined the impact of oral 
care interventions on the incidence of VAP among ICU pa-
tients undergoing mechanical ventilation and showed posi-
tive outcomes for patients that received an intervention.

Table 2. Literature on the cytokine storm related to COVID-19 cases

Articles Type of literature Relevant main findings

Ragab et al.12 review

– COVID-19 is transmitted via droplets or direct contact, and infects the respiratory tract, resulting in pneumonia 
in most cases and ARDS in about 15% of cases.

– Mortality in COVID-19 patients has been linked to the so-called “cytokine storm” induced by the virus.
– The excessive production of proinflammatory cytokines leads to the aggravation of ARDS and widespread tissue 

damage, resulting in multi-organ failure and death.

Coperchini et al.14 review
– The so-called “cytokine storm” refers to the uncontrolled overproduction of soluble markers of inflammation, 

which, in turn, sustains an aberrant systemic inflammatory response; available evidence indicates that 
a cytokine storm is a major factor responsible for the development of ARDS.

Tang et al.18 review

– The current evidence shows that severely ill patients tend to have a high concentration of proinflammatory 
cytokines, such as IL-6, in comparison with those who are moderately ill.

– A high level of cytokines indicates a poor prognosis in COVID-19.
– The excessive infiltration of proinflammatory cells, mainly involving macrophages and Th17, has been found in 

the lung tissue of patients with COVID-19 with post-mortem examination.
– Recently, an increasing number of studies indicate that a cytokine storm may contribute to mortality for COVID-19.
– The review also shows that SARS-CoV-2 selectively induces a high level of IL-6 and results in the exhaustion 

of lymphocytes.

Th17 – T-helper 17 cells; SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2.
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One of  the most common inflammatory diseases in 
adults is periodontal disease. A study published in 2017, 
concerning the global burden of  the disease, found that 
severe periodontal disease was the 11th most prevalent 
condition in the world, making it a  significant public 
health issue.31 The burden on healthcare systems is ex-
pected to increase as the global population ages, and this 
may become a significant concern. With advances in peri-
odontal research, there is considerable evidence, such as 
that presented by Kim and Amar,32 that links periodontal 
disease with various extraoral and systemic diseases, in-
cluding type 2 diabetes mellitus, CVD, respiratory tract 
infections, adverse pregnancy outcomes, and neurode-
generative diseases.

Great interest has been shown in the connection be-
tween oral condition, inflammation and systemic diseases, 
as manifested by many recent studies that have explored 
these subjects. Microorganisms in the oral cavity not only 
cause local intraoral inflammation, but also directly con-
tribute to systemic inflammation. A rise in inflammation 
is the result of toxins being released by microorganisms 
and the leakage of microbial by-products into the blood-
stream. It is vital to acquire more knowledge about the 
connection between oral and systemic inflammation to 
better understand the detrimental effects of intraoral in-
flammation on other organ systems as well as the possibil-
ity of increasing the risk of developing non-oral diseases 
due to oral diseases. This interrelationship and its impact 
were discussed in a  review article by Kim and Amar as 
early as in 2006.32

Dental plaque/biofilm as a risk factor 
for COVID-19 ventilated patients

Paster  et  al. conducted pioneering research to deter-
mine the microbial population in the mouth and found 
that there are approx. 500–700 prevalent taxa.33 Oral 
microbiota, microflora, and microbiome are some of the 
terms used to describe the intraoral microbial commu-
nity. These microorganisms have previously been isolated 
from the saliva, gingival epithelium and other surfaces 
of the oral mucosa, with the highest density found in den-
tal plaque. As the technology for bacterial detection and 
profiling improve, more studies are carried out to deter-
mine the microbiome of various oral niches, including the 
various sites of  mucous membranes and the tongue, as 
well as within dental plaque itself. Liu et al. explored the 
oral microbiome using the most current technique at the 
time of their study.34 Oral diseases, such as periodontitis 
and dental caries, are known to be strongly associated with 
particular bacterial species that are commonly found in 
the microbial diversity of the dental biofilm. These groups 
of bacteria, collectively characterized as pathogenic, have 
progressively been correlated with systemic infections. 

There has been interest in exploring the content of  the 
dental biofilm of patients with known systemic symptoms 
or diseases, as it may provide more information about the 
connection between the disease of  interest and oral mi-
croorganisms. This was discussed by Kim and Amar in 
2006.32 In a  review paper, Gomes-Filho  et  al. examined 
the studies which demonstrated that an  unhealthy oral 
cavity was a predisposing factor for respiratory infections, 
and suggested that oral or non-oral pathogens present in 
the oral cavity could contribute to respiratory disease.35

As early as in 1997, Garrouste-Orgeas et al. suggested 
that the colonization of  the oropharynx with bacteria is 
a critical factor in the development of nosocomial pneu-
monia.36 Munro and Grap discussed this possible mecha-
nism and suggested that the microbes associated with the 
incidence of VAP might flourish from the center of infec-
tion, containing the established habitat for other patho-
genic bacteria.37 This is thought to be possible, since the 
dental biofilm creates a favorable environment for VAP-
causing bacteria, which can attach to either tooth sur-
faces or other microbes present in the biofilm. This en-
ables them to be transmitted from the oral cavity to the 
lungs, which may lead to the development of VAP. This 
hypothesis was introduced as far back as in 1992 by Scan-
napieco et al.,29 and discussed further by Garrouste-Or-
geas et al.36 and El-Solh et al.38

Researchers in the past suggested that there was a cor-
relation between periodontal disease, particularly peri-
odontitis, and systemic diseases, including lung diseases 
or infections. The mechanism for the relation between 
periodontal disease and respiratory illnesses is still not 
clear, with the former not always leading to or increasing 
the incidence of the latter. However, the presence of peri-
odontal disease is thought to change the typical behavior 
of respiratory illnesses, possibly due to changes in the con-
tent and dynamics of oral microorganisms, brought about 
by the presence of periodontal infection. Weidlich et al. 
discussed this possible mechanism in their review article 
published in 2008.39 The microaspiration of oral microor-
ganisms in patients with periodontal infection may have 
different outcomes when compared to patients without 
periodontal infection, possibly due to differences in the 
microbial composition.

Patients severely affected by COVID-19 require me-
chanical ventilation to increase their chances for survival. 
The endotracheal tube (ETT) acts as the interconnection 
between the patient’s lungs and the ventilator. The inser-
tion of the tube via intubation is followed by changes in 
the oral micro-environment and subsequently alters the 
composition of  the oral microbiome. Various studies in 
the past, including those by Scannapieco et al.29 and Ber-
ry et al.,40 suggested that changes in the oral environment 
facilitated the establishment and propagation of respira-
tory pathogens and other possible opportunistic patho-
gens that may be present in the oral cavity or inside the 
pulmonary system itself. How the shift in the content 
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of  the microbiota came about is still not entirely clear. 
However, it has been suggested that it may be due to the 
placement of ETT inside the oral cavity and through the 
trachea, which hinders the removal of dental biofilm, re-
duces the saliva flow and dries the mucosa due to persis-
tent mouth opening. When managing medical conditions 
(i.e., treating the condition being the main reason for hos-
pitalization), any medical interventions or even medica-
tions given may also contribute to microbial changes.

Retentive factors for dental biofilm 
The presence of  pathologic changes in periodontal 

anatomy, such as increased pocket depth, intrabony pock-
ets and furcation involvements, becomes a local contrib-
uting factor in the oral cavity that allows dental biofilm 
to accumulate. Calculus may be present supragingivally, 
which may encourage the development of the inflamma-
tion of the marginal gingiva, or subgingivally, which cre-
ates irregular porous surfaces that can act as reservoirs for 
periodontal pathogens and endotoxins. In a review article, 
Genco and Borgnakke stated that the presence of subgin-
gival calculus and its plaque layer were associated with the 
development of periodontitis, with higher rates of disease 
progression in adolescents and adults.41

There are other local contributing factors, including 
poorly completed or deteriorating restorations (i.a., those 
with overhangs), rough surfaces, subgingival margins, 
marginal discrepancies, and under- or over-contoured  
crowns. Fixed appliances like orthodontic braces, crowns 
and bridges as well as pathological changes, such as end-
odontic infections, root fractures and cervical root re-
sorption, are all considered facilitating factors that con-
tribute to the accumulation of dental plaque/biofilm. The 
elimination of most or all (if possible) of these local factors 
aims to reduce the bacterial load in the oral cavity, which 
would specifically aid COVID-19 patients by reducing the 
likelihood of complications like atypical pneumonia.

Oral hygiene for COVID-19 
patients undergoing  
mechanical ventilation in ICU

It has been established that poor oral health may con-
tribute to or complicate some systemic diseases, including 
respiratory ones. Coker et al. discussed this concept with 
dependent older adults as a  focus of  interest.42 Various 
studies, as highlighted by Yurdanur and Yagmur in their 
review,43 have associated VAP with poor plaque control. 
The aspiration of oropharyngeal secretions, with their con-
tent being influenced by the composition of the dental bio-
film, is an independent risk factor for VAP and, according 
to a systematic review by Berry et al.,44 is a key causative 

factor for nosocomial infection in ICU patients. A review 
conducted by Cirillo et al. found that VAP was a compli-
cation in 8–28% of patients receiving mechanical ventila-
tion.45 Furthermore, original research by Inchai et al. found 
that a 30-day mortality rate in patients with VAP caused 
by drug-resistant Acinetobacter baumannii was 21.2%, 
while the rates for multi-drug-resistant, extensively drug-
resistant, and pan-drug-resistant Acinetobacter baumannii 
VAP were 31.9%, 56.8% and 66.7%, respectively.46

The same systematic review by Berry  et  al. showed 
that bacteria accountable for VAP, which may include 
Acinetobacter baumannii, colonize the oral mucosa and 
are collected in the dental biofilm of intubated patients.44 
Therefore, providing adequate oral care should be a pri-
ority for critically ill patients in ICU, as it is essential in 
reducing the incidence of  VAP. Adequate oral care may 
not only affect the clinical outcome of these patients, but 
also improve their overall wellness. This is apparent in the 
findings of a  study by DeKeyser Ganz et al.,47 and again 
highlighted in a review article by Atay and Karabacak.48

According to Feider  et  al., when providing adequate 
oral care to orally intubated and critically ill patients, the 
primary goal should be to improve oral hygiene.49 This 
should result in a reduction in the bacterial population in 
the oropharynx and the dental biofilm, and subsequently 
reduce the aspiration of  the contaminated saliva. This 
possible mechanism was further discussed by Safdar et al. 
in their review published in 2005.50 Also, according to 
Coker et al., the practice of adequate oral care for these 
patients promotes holistic patient care, increases their 
comfort and prevents halitosis.42 The maintenance of oral 
hygiene with constant adequate oral care is also impor-
tant to prevent the recolonization of  the oral cavity by 
pathogenic microbes. Table  3 summarizes the literature 
associating bacterial colonization and VAP.

Mechanical dental plaque control
Dental plaque control for patients on mechanical ven-

tilators is challenging. The main reason is a  limited and 
difficult access to the oral cavity. Evidence also suggests 
that oral care protocols may not be fully followed by the 
ICU staff. This is reflected in a  survey carried out by 
Rello et al.,28 involving 59 European ICUs. In a review re-
garding the clinical effectiveness of the oral health proce-
dures utilized by nurses, performed by Bowsher et al. in 
1999, it was found that the sponge Toothette® oral swabs 
frequently used in ICUs showed limited effectiveness in 
eradicating the dental biofilm as compared to a  regular 
toothbrush.51 Therefore, toothbrushes are now thought to 
be the superior choice in maintaining oral hygiene among 
ICU patients.

The apparatus for OHC should be carefully chosen based 
on its benefits, accessibility and potential adverse effects 
as well as its specific features that set it apart from other 
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oral care equipment; for example, its efficacy in plaque 
removal. Based on the findings of  a  randomized trial by 
Needleman et al., it can be concluded that toothbrushes 
remain the preferred and standard oral care tool as far as 
dental plaque removal is concerned, as it is recognized that 
dental plaque is efficiently cleared by means of mechanical 
interference.52 The findings of a study by Yao et al. pub-
lished in 2011 indicate that an oral hygiene routine consis-
tently carried out twice daily can significantly reduce the 
incidence of VAP.53 To improve the efficacy of oral hygiene 
practice, the regularity of care should be determined us-
ing daily oral assessments, as suggested by Ames et al.54 
Conversely, however, a  randomized control trial by Lor-
ente et al. found that there was no significant difference in 
the incidence of VAP in critically ill patients receiving oral 
care with or without manual toothbrushing.55

Electric toothbrush  
for dental plaque control

As suggested by Verma and Bhat, powered toothbrush-
es (PTBs) have been promoted as appliances that offer 
improved biofilm removal capability when compared to 
manual toothbrushes.56 A  Cochrane review by Robin-
son  et  al. published in 2009 suggested some advantages 
of  PTBs for plaque removal in comparison with manual 
toothbrushes.57 A systematic review and meta-analysis by 
Elkerbout  et  al. regarding single brushing exercises ana-
lyzed various studies that compared PTBs with manual 
toothbrushes to investigate their effectiveness in plaque 
removal and the outcome was in favor of PTBs.58 In clini-
cal settings, PTBs were found to be effective in removing 

dental plaque, which is supported by a systematic review 
by Rosema et al.59 and a Cochrane review by Yaacob et al.60 
Powered toothbrushes are also effective in controlling 
gingivitis. However, research examining the long-term ef-
ficacy of  PTBs in inhibiting the initiation or progression 
of periodontitis is limited, as these studies, for instance by 
Dörfer et al.61 and Schmalz et al.,62 mainly focus on dental 
plaque, calculus and gingivitis. Needleman et al. concluded 
that PTBs were exceedingly efficient in removing dental 
biofilm in intubated ICU patients, and that PTBs should 
be further evaluated for their potential to reduce the inci-
dence of VAP.52 This appliance may also be beneficial in the 
prevention of lung infections and health complications that 
are commonly linked to critically ill COVID-19 patients. 
However, PTBs may not be readily available and their cost 
may hinder their application as well.

Chemical dental plaque control 
with chlorhexidine gel

The fundamental instrument used for the removal 
of  dental biofilm is a  manual toothbrush. The action 
of toothbrushing decreases the oral microbial load, which 
should significantly reduce the risk of  lung infections. 
Toothbrushing combined with chemical plaque con-
trol with 0.12% chlorhexidine gel reduces the incidence 
of VAP, shortens the length of  the hospital stay and de-
creases the ICU mortality rate. These findings are sup-
ported by a study by Needleman et al.52 and a  literature 
review by Zuckerman.63 The combined use of  a  regular 
toothbrush and 0.12% chlorhexidine gel has a synergistic 
effect on dental plaque, which is evident in various stud-

Table 3. Literature associating bacterial colonization and ventilator-associated pneumonia (VAP)

Articles Type of literature Relevant main findings

Scannapieco et al.30
prospective 

non-randomized 
study

– The oral hygiene of medical ICU patients was poor.
– The dental plaque and/or the oral mucosa of 65% of medical ICU patients were colonized by respiratory 

pathogens, in contrast to only 16% of patients in a preventive dentistry clinic (control).
– The potential respiratory pathogens cultured from medical ICU patients included methicillin-resistant 

Staphylococcus aureus, Pseudomonas aeruginosa, and 10 genera of Gram-negative bacilli.

Garrouste-Orgeas et al.36 prospective study

– Out of 86 ventilated ICU patients, 31 cases of pneumonia were diagnosed (36% of patients).
– Oropharyngeal colonization, detected either on admission or from subsequent samples, was 

a predominant factor for nosocomial pneumonia in comparison with gastric colonization.
– Oropharyngeal colonization with Acinetobacter baumannii yielded an estimated 7.45-fold increased risk 

of pneumonia in comparison with patients not yet or not identically colonized (p = 0.0004).
– DNA genomic analysis demonstrated that an identical strain was isolated from oropharyngeal, gastric or 

bronchial samples in all but 3 cases of pneumonia due to Staphylococcus aureus.
– The findings provide better knowledge of the pathophysiology of nosocomial pneumonia in 

mechanically ventilated patients.

Safdar et al.50 review

– VAP is the most common nosocomial infection in ICU, and it is associated with major morbidity and 
attributable mortality.

– A major route for acquiring endemic VAP is oropharyngeal colonization by the endogenous flora or 
by the pathogens acquired exogenously from the ICU environment, especially the hands or apparel 
of healthcare workers, the contaminated respiratory equipment, hospital water, or air.

– The aspiration of the microbe-laden oropharyngeal, tracheal or gastric secretions around the cuffed 
endotracheal tube into the normally sterile lower respiratory tract results in most cases of endemic VAP.

– Strategies to eradicate oropharyngeal and/or intestinal microbial colonization, including chlorhexidine 
oral care, have been shown (among others) to reduce the risk of VAP.
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ies and review papers, including a  Cochrane review by 
Hua et al. published in 2016, which specifically examined 
OHC for critically ill patients to prevent VAP.64 A study 
by Prendergast et al. emphasized the effectiveness of the 
combined oral care (which may include the use of a reg-
ular toothbrush with chlorhexidine gel) as compared to 
toothbrushing alone.65 It is advocated that the liquids ap-
plied for oral care purposes should simultaneously be ef-
fective in removing plaque while not causing the irritation 
of the mucosa or dry mouth. Liquid mixtures that may be 
used for oral care include chlorhexidine, saline solution 
and purified water. Studies and review articles by Needle-
man et al.,52 Ames et al.54 and Zuckerman63 revealed that 
even at a relatively low concentration (between 0.12% and 
0.2%), chlorhexidine was still effective in preventing VAP.

The establishment and application of a comprehensive 
OHC program is vital for patients who are at high risk 
of developing VAP in ICU. It is essential to control and 
remove dental biofilm from tooth surfaces and the oral 
cavity. A multi-center study by Ames et al. on the effects 
of systematic oral care in critically ill patients showed that 
there was a  significant improvement of  patients’ plaque 
scores along with a reduction of visible plaque depositions 
in patients when the system was implemented by critical 
care nurses.54 A proper system or program should incor-

porate the regular and consistent brushing of  the teeth, 
gingiva and tongue, conducted twice daily (minimum), 
using a small pediatric or single-tufted toothbrush. This 
implementation is relevant for ICU patients severely af-
fected by COVID-19 with the aim of reducing morbidity 
and mortality. Table 4 summarizes various types of  litera-
ture that discusses the effect of oral health on preventing 
or reducing VAP.

Conclusions
It is essential to re-emphasize the importance of  ade-

quate oral care for critically ill patients, especially those 
on mechanical ventilation, to improve their survival. As 
bacterial infections have been associated with the atypical 
pneumonia seen in cases of COVID-19, the control of the 
oral environment and its microbiome seems like a logical 
step to be taken for these patients. With the combined 
measures of  toothbrushing and chemical plaque control 
with 0.12% chlorhexidine gel or other oral care solutions, 
it is hoped that the incidence of  critically ill ventilator-
dependent COVID-19 patients contracting atypical pneu-
monia and/or other infections involving distant organs 
will be greatly reduced.

Table 4. Literature on the effect of oral care on preventing or reducing VAP

Oral care Articles Type of study Relevant main findings

Chemical only

Panchabhai et al.25
randomized 
controlled 

trial

– 512 patients admitted to ICU of an Indian tertiary care teaching hospital were randomized 
into twice daily oropharyngeal cleansing with 0.2% chlorhexidine (test) or 0.01% potassium 
permanganate solution (control).

– Nosocomial pneumonia developed in 7.1% of patients in the chlorhexidine group and 7.7% in 
the control group (p = 0.82; RR: 0.93; 95% CI: 0.49–1.76)

– During the study period, nosocomial pneumonia developed in fewer subjects (7.4%) than in 
the 3 months preceding and following the study (21.7%) (p < 0.001).

– Conclusions: Oropharyngeal cleansing with 0.2% chlorhexidine solution was not superior 
to oral cleansing with the control solution; however, a decreased incidence of nosocomial 
pneumonia during the study period suggests a possible benefit of meticulous oral hygiene in 
ICU patients.

Kaya et al.23
randomized 
controlled 

trial

– 88 randomly selected patients from those admitted to neurosurgical ICU were divided into 
2 groups: one received oral care with 5% glutamine (test); the other received oral care with 2% 
chlorhexidine gluconate solution (control).

– There was no statistically significant difference in the mean scores on days 1, 3 and 5, or upon 
discharge (p > 0.05).

– Conclusions: There was no statistically significant difference between using 5% glutamine or 2% 
chlorhexidine gluconate solution for oral care for the prevention of VAP.

Mechanical only Yao et al.53
randomized 
controlled 

trial

– 53 post-neurosurgical ICU patients were divided into test and control groups.
– Both groups received usual hospital care (i.e., daily oral care using cotton swabs).
– The test group additionally received a twice daily oral care protocol of toothbrushing with 

purified water, elevating the head of the bed, and before-and-after hypopharyngeal suctioning.
– The control group received mock oral care twice daily (elevating the head of the bed, 

moisturizing the lips, and before-and-after hypopharyngeal suctioning).
– After 7 days of toothbrushing with purified water, the cumulative VAP rates were statistically 

significantly lower in the test group (17%) than in the control group (71%) (p < 0.05).
– The test group also had statistically significantly better scores for oral health (p < 0.05) and the 

plaque index (p < 0.01).
– Conclusions: The findings suggest that as an inexpensive alternative to the existing protocols, 

toothbrushing twice daily with purified water reduces the risk of VAP, and improves oral health 
and hygiene.
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Oral care Articles Type of study Relevant main findings

Mechanical vs 
chemical

Needleman et al.52
randomized 
controlled 

trial

– Parallel-arm, single-center, examiner- and analyst-masked, randomized controlled trial (N = 46).
– Test: PTB; control: sponge Toothette oral swab.
– Both were used 4 times a day for 2 min and patients received 20 mL of 0.2% chlorhexidine 

mouthwash at each time point.
– The results showed a low prevalence of respiratory pathogens throughout the study period, 

with no statistically significant differences between the groups. 
– A highly statistically significantly greater reduction in dental plaque was obtained with the use 

of PTB in comparison with the control treatment (p = 0.006).
– The total viable bacterial count was also highly statistically significantly lower in the test group 

at day 5 (p = 0.002).
– Conclusions: PTBs are highly effective for plaque removal in intubated ICU patients and should 

be tested for their potential to reduce the incidence of VAP and health complications.

Lorente et al.55 randomized 
clinical trial

– Randomized clinical trial in medical-surgical ICU (N = 436).
– Test: oral care including 0.12% chlorhexidine digluconate with toothbrushing; control: oral care 

including 0.12% chlorhexidine digluconate without toothbrushing.
– There were no statistically significant differences between the groups regarding the incidence 

of VAP (9.7% –with toothbrushing vs 11.0% – without toothbrushing) (p = 0.75).
– Adding manual toothbrushing to chlorhexidine oral care does not help prevent VAP in critically 

ill patients on mechanical ventilation.

Mechanical and 
chemical

Berry et al.40
randomized 
comparative 

study

– Single-blind, randomized comparative study involving adult ICU patients in a university hospital 
(N = 109).

– All patients underwent cleaning with a toothbrush and a non-foaming toothpaste.
– Group A (control): additional hourly oral rinse with sterile water; group B (test): additional hourly 

sodium bicarbonate mouthwash; group C (test): twice daily irrigations with chlorhexidine 0.2% 
aqueous oral rinse and additional hourly irrigations with sterile water.

– No significant differences were found between the groups for all clinical data.
– Group B showed a greater trend toward a reduction in bacterial colonization; however, no 

significant differences could be demonstrated at day 4 of admission (p = 0.302).
– The incidence of VAP was evenly spread between groups B and C (5%), while in group A, it was 

only 1%.
– Conclusions: While a number of studies have advocated the use of various mouth rinses in 

reducing the colonization of dental plaque, a standardized oral hygiene protocol that includes 
the use of mechanical cleaning with a toothbrush may be a factor reducing the colonization 
of dental plaque with respiratory pathogens.

Mechanical  
and/or  
chemical

Hillier et al.27 review

– No consensus on best practice for oral hygiene in patients being treated with mechanical 
ventilation has been found.

– Although chlorhexidine is the most popular oral care product, no consensus has emerged on 
its concentration or protocols for oral care.

– The implementation of an oral care protocol, ongoing nurse education and evaluation are 
important in reducing the incidence of VAP.

Zuckerman63 review

– Oral health has been shown to greatly contribute to the development or prevention of VAP; it 
can be compromised by critical illness and mechanical ventilation while being influenced by 
nursing care.

– Oral health is managed by proper oral care with the use of oral chlorhexidine in order to 
decrease oral bacteria and the potential oropharynx colonization.

– There is a decrease in the VAP rates with the use of oral interventions, such as chlorhexidine.
– The research results support and influence patient care practices, considering that nursing and 

medicine are driven by evidence rather than experience to prevent avoidable patient harm.

Hua et al.64 review

– OHC, including chlorhexidine mouthwash or gel, reduces the risk of developing VAP in 
critically ill patients from 24% to about 18%; however, there is no evidence of a difference in 
the outcomes with regard to mortality, the duration of mechanical ventilation or the duration 
of the ICU stay.

– There is no evidence that OHC including both antiseptics and toothbrushing is different from 
OHC with antiseptics alone.

– Some weak evidence suggests that povidone iodine mouth rinse is more effective than saline/
placebo, and saline rinse is more effective than saline swab in reducing VAP.

– There is no sufficient evidence to determine whether PTBs or other oral care solutions are 
effective in reducing VAP.

– There is also insufficient evidence to determine whether any of the interventions evaluated in 
the studies are associated with adverse effects.

RR – relative risk; CI – confidence interval; PTB – powered toothbrush; OHC – oral hygiene care.
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