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Abstract
Objectives Ventilator-associated pneumonia (VAP) is one of the most common nosocomial infections in intensive care 
units (ICUs), and the use of mouthwash is the most widely used method to prevent its incidence. The aim of this study was 
to investigate effect of clove mouthwash on the incidence of VAP in the ICU.
Materials and methods This comparative, randomized, triple-blind, clinical trial was conducted on 168 eligible ICU patients 
at Kosar Hospital in Semnan, Iran, during 2021–2022, who were divided into intervention and control groups using random 
blocks. The intervention group received clove extract mouthwash at 6.66% concentration, and the control group received 
chlorhexidine 0.2% twice a day for 5 days (routine care). Data were collected using a demographic questionnaire, and disease 
severity was measured based on the Acute Physiology and Chronic Health Evaluation II (APACHE II) score, oral health 
status was examined using the Beck Oral Assessment Scale (BOAS), and VAP diagnosis was made based on the Modified 
Clinical Pulmonary Infection Score (MCPIS).
Results Before the intervention, there was no significant difference in disease severity (p = 0.412) and oral health status 
(p = 0.239) between the patients in the two groups. After the intervention, 20.2% of the patients in the intervention group and 
41.7% of those in the control group acquired VAP. The risk of VAP was 2.06 times higher in the control group than in the 
intervention group (p = 0.005, 95% CI: 1.26–3.37, RR = 2.06), but the severity of VAP did not differ significantly between 
the patients in the two groups (p = 0.557).
Conclusion The findings showed that clove mouthwash reduces the incidence of VAP significantly.
Clinical relevance Clove mouthwash can be used as a simple and low-cost method to prevent VAP in ICU patients.
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Introduction

Respiratory infection is the most frequent nosocomial 
infection found in intensive care units (ICUs) [1]. Most 
patients who are hospitalized in the ICU need mechanical 
ventilation (MV) due to advanced respiratory problems 
[2]. MV is performed to maintain open airways, prevent 
aspiration, and increase oxygenation. These supportive 
interventions are essential to critical care and are regarded 
as the benchmarks for managing the airways and ventila-
tion [3]. One of the most common side effects of MV is 
ventilator-associated pneumonia (VAP), which is among 
the most frequently occurring nosocomial infections and 
accounts for 25% of ICU-acquired infections [4, 5].

VAP is a form of hospital-associated pneumonia that 
occurs over 48 h after endotracheal intubation. VAP is 
diagnosed in 15% of ICU patients and is associated with 
a significant mortality rate of 20–30% [6]. It has been 
reported that 5–40% of patients undergoing invasive MV 
for more than 2 days acquire VAP [7]. VAP is a relatively 
common nosocomial infection developed in critically ill 
patients, with a pooled incidence ranging from 23.8% [8] 
to 36.0% [9] according to recent systematic reviews. VAP 
remains a major contributor to hospital-acquired infections 
in Asia [10]. The incidence rate of VAP in MV patients is 
32.9% in Iran [11].

The artificial airway created to establish MV changes 
the mucosal defense function of the natural airway, and 
subsequently, bacteria enter the lower respiratory tract 
directly or through the gap between the wall of the tracheal 
tube and the airway [12]. The first step in the pathogen-
esis of infection involves the upper respiratory tract with 
potentially pathogenic organisms, including Pseudomonas 
and Escherichia coli. The entry of these microbes through 
the endotracheal tube or leakage around the cuff allows 
them to enter the lower respiratory tract, which, along 
with the host’s immunodeficiency, leads to active clinical 
infection. The common risk of developing VAP in the first 
week reaches its peak due to endotracheal intubation [6]. 
Aspiration of gastrointestinal microbes also increases the 
risk of VAP in MV patients [2]. Endotracheal intubation, 
the accumulation of secretions behind the tracheal tube 
cuff, the mouth left open and dry mouth, impairment of 
the cough reflex, inability to remove secretions through 
the pharynx and mouth, and unsatisfactory oral care may 
lead to VAP [13].

Since VAP increases ICU length of stay, MV duration, 
treatment costs, and mortality [4, 12], it is extremely impor-
tant to pay close attention to VAP prevention measures [6].

A review of literature shows that unsatisfactory oral 
care causes mucosal dryness, decrease in salivary flow, 
colonization of pathogenic bacteria in the mouth and 

oropharynx, and acquisition of VAP [2]. In ICU patients, 
some pathologic changes develop in the oral cavity, such 
as oral mucosal lesions, periodontal disease relief, dry 
lips and dry mucous membranes, fungus infections, and 
increased biofilm on the oral surface. The majority of VAP 
cases are caused mainly by the micro-aspiration of oro-
pharynx colonization agents [14, 15]. MV patients become 
incapable of chewing and are required to keep their mouth 
open, which reduces saliva flow and causes dryness of the 
mucous membranes [16]. According to Ademar Takahama 
et al. (2021), the development of VAP may be indicated by 
the presence of a coated tongue and oral bleeding during 
ICU admission [17]. There are millions of bacteria in the 
mouth. Although we cannot sterilize the oral environment 
completely, we can minimize the presence of bacteria sub-
stantially in order to prevent dry mouth and, more impor-
tantly, the accumulation of bacteria in the mouth [18].

Oral care is an essential strategy to reduce the accumula-
tion of oropharyngeal bacteria and the presence of VAP-
causing bacteria [19] and is thus one of the main strategies 
for VAP prevention [20]. The incidence of VAP in the ICU 
may be reduced by maintaining good oral hygiene, particu-
larly with regard to the tongue, prior to intubation [17]. In 
the care of the critically ill, oral health is a crucial factor. 
According to research findings, using mouthwash containing 
3% hydrogen peroxide significantly decreases the incidence 
of VAP compared to using mouthwash containing 0.9% nor-
mal saline [11].

Oral hygiene care using mouthwash, gel, swab, and tooth-
brush or a combination of them along with secretion suction 
may reduce the risk of VAP in patients [2]. Mouthwash is 
a very important strategy to reduce the colonization of oro-
pharyngeal bacteria that cause VAP [19]. Nonetheless, there 
is still no preferred protocol for the prevention of VAP [21].

Dental and mucosal cleansing with chlorhexidine may 
decrease the risk of VAP [2]. Chlorhexidine (CHX) is a cati-
onic biguanide that binds to the bacterial cell walls, impair-
ing and even perforating phospholipid membranes [22]. 
Depending on the product’s concentration, the effect may be 
bacteriostatic or bactericidal [23]. In patients receiving MV, 
using chlorhexidine mouthwash for oral hygiene reduces the 
risk of VAP [2]. Chlorhexidine works to reduce bacterial 
colonization in the oral cavity [2, 24]. The effectiveness of 
any mouthwash is restricted by the biofilm that exists on 
the surface of the teeth [2]. Prior mechanical disruption of 
dental biofilms through toothbrushing improves the effect 
of chlorhexidine and prevents VAP [2, 25]. Chlorhexidine 
has lipophilic groups that can bind to bacterial cell walls and 
change their osmotic balance [22]. This effect inhibits bacte-
rial growth and can even prevent death, and its mechanism 
of action depends on the concentration of the substance [23]. 
Chlorhexidine mouthwash or gel decreases the incidence of 
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VAP compared to placebo or routine care from 26 to about 
18% (RR: 0.67, 95% confidence intervals (CI): 0.47 to 0.97; 
p = 0.03; I2 = 66%) [2].

The clinical use of chlorhexidine gluconate dates back 
to the 1950s. As an antiseptic mouthwash, chlorhexidine 
has antimicrobial effects on the bacteria, fungi, and viruses 
responsible for a variety of oral diseases. All the anti-
bacterial effects of chlorhexidine in vitro are attributed to 
altered cell membrane permeability [26]. Chlorhexidine has 
a bacteriostatic effect at low concentrations (0.02–0.06%) 
and causes the displacement of Ca2 + and Mg2 + and loss 
of K + from the cell wall [26, 27]. Chlorhexidine has a bac-
tericidal effect (cell lysis and death) at high concentrations 
(> 0.1%) by causing leakage of all the major intracellular 
components out of the cell [26, 27].

Mouthwashes containing chlorhexidine are considered the 
gold standard [20]. Research findings have shown that chlo-
rhexidine changes the nitrate-reducing bacteria in the body. 
Chlorhexidine seems to change the pH and lactate, nitrate, 
and nitrite concentrations in saliva, and chlorhexidine-con-
taining mouthwashes may therefore lead to increased acidity 
and decreased nitrite concentration in the saliva by causing 
a major change in the salivary microbiome [28]. Chlorhex-
idine is a guanidine-based disinfectant that affects a wide 
variety of bacteria, fungi, and some viruses [29], but there is 
some controversy on its use [30]. Nevertheless, chlorhexidine 
has numerous side effects too [20], including parotid gland 
swelling, oral soft tissue pigmentation, allergic reactions, 
taste change, burning sensation, oral mucosa ulcers, tran-
sient anesthesia, and paresthesia. In addition, chlorhexidine 
can cause severe adverse effects in hypertensive patients by 
changing the oral microbiome and consequently reducing 
nitrate concentration in the saliva [31].

Traditional plant-based mouthwashes reduce unwanted 
reactions to chemicals such as antibiotic resistance and 
gradual decay or staining of teeth [18]. Herbal mouthwashes 
are produced from natural substances and have fewer side 
effects; they also have antibacterial, antiviral, and antifungal 
properties; therefore, their use has become widespread in the 
last decade [32]. The antibacterial effect of plant extracts 
and herbal mouthwashes against microorganisms responsi-
ble for bacterial infection of the oral cavity is attributed to 
the presence of compounds such as glycosides, terpenoids, 
flavonoids, and saponins [33].

Herbal mouthwashes containing cloves (Eugenia caryo-
phyllata belonging to the Myrtaceae family) are used for 
oral cooling and in toothpastes and to treat oral diseases and 
toothache [34], or thousands of years, clove has been used as 
a traditional medicinal plant to treat gum infection due to its 
antimicrobial activities against oral bacteria [35, 36]. Euge-
nol, one of the main compounds of clove (81.1%), produces 
antibacterial, antifungal, anti-inflammatory, and antiviral 
effects and has been used as a disinfectant and pain reliever in 

traditional medicines [34, 37]. Clove has antimicrobial activi-
ties against oral bacteria and periodontal disease [36]. In the 
study by Mostaqim et al. (2019) in Bangladesh, the antibacte-
rial efficacy of clove was demonstrated against gram-positive 
bacteria (Staphylococcus aureus) and gram-negative bacteria 
(Escherichia coli and Pseudomonas aeruginosa) [38]. The 
study by Purkait et al. (2020) in Germany showed the anti-
bacterial and antifungal effects of combined clove and cinna-
mon on Staphylococcus aureus, Salmonella typhi, and Pseu-
domonas aeruginosa [39]. The study by Bharadwaj (2020) 
in India revealed the activity of the phytochemicals in clove 
extract and their antibacterial efficacy against Escherichia 
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Sal-
monella typhi, Bacillus subtilis, and Staphylococcus aureus 
[34]. Oral care is extensively used in the ICU for the preven-
tion of VAP, and its effectiveness has been confirmed, but the 
exact details of its operational processes still require further 
discussion. So far, there is no gold standard recommendation 
for the scrubs used in oral care [40]. There is also no consen-
sus on the best way of providing optimal oral health care in 
the critically ill. More research is required to standardize oral 
health assessment and care practices and thus develop evi-
dence-based, individualized, oral care protocols for the criti-
cally ill [30, 41]. The British Association of Critical Nurses 
(BACCN) has also emphasized the need for further research 
on this topic [42]. The hypothesis of the present study was 
that clove mouthwash is effective in the incidence of VAP in 
MV patients. Therefore, the aim of the present study was to 
investigate the effect of clove mouthwash on the incidence 
of VAP in ICU patients.

Methods

Study design

This study was a comparative, randomized, triple-blind, clin-
ical trial. The patients, the nurse who performed the mouth-
wash for them, the pulmonologist who made the diagnosis 
of VAP, and the statistician who carried out the data analysis 
were all blinded to the group allocations.

Inclusion criteria

The inclusion criteria consisted of age over 18 years, recent 
admission to the ICU and having undergone MV for more 
than 48 h, lack of aspiration symptoms or VAP with a Modi-
fied Clinical Pulmonary Infection Score (MCPIS) <6 on the 
first day, no COVID-19 infection, no face and mouth trauma, 
no contraindications for elevating the head of the bed by 30°, 
no contraindications for oral care, and no history of allergy to 
chlorhexidine 0.2%.
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Exclusion criteria

The exclusion criteria were removal from MV at less than 
48 h, fever of 38.5 °C and higher during the first 24 h after 
intubation, positive polymerase chain reaction (PCR) test 
(COVID-19 infection), more than three attempts at intuba-
tion, and APACHE II score > 30.

Participants

The study samples were the patients admitted to the inter-
nal and surgical ICUs of Kosar Hospital in Semnan in 
2021–2022 who were connected to a mechanical ventilator 
and met the inclusion criteria.

Sample size

In a preliminary study consisting of 70 people in each group, 
21.4% of patients receiving clove mouthwash and 41.4% of 
patients receiving chlorhexidine developed VAP (MCPIS 
score 6 or more). Considering 95% confidence and 80% 
power, the sample size was estimated to be 84 patients for 
each group.

Randomization

The patients who met the inclusion criteria were assigned to 
either intervention (A) or control (B) groups using random 
blocks. The possible states of allocation to either of the two 
blocks, i.e., AB or BA, were written on a card. Given that 
age and gender were confounding variables, after randomly 
choosing the first patient and assigning them to either of 
the blocks, the next patient, who could differ in age with 
the first patient by a maximum of 5 years, was assigned to 
the opposite group; otherwise, they waited for their turn in 
the next block. As for gender, stratified randomization was 
used—that is, randomization was done separately for men 
and women. In other words, each two female patients refer-
ring to the hospital consecutively were divided according 
to the above classifications in advance. The same was per-
formed for male patients until sampling was completed.

Data collection instrument

Data were collected using a demographic questionnaire, 
VAP severity was measured based on the Acute Physiology 
and Chronic Health Evaluation II (APACHE II) score, oral 
hygiene status was determined using Beck Oral Assessment 
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Scale (BOAS), and VAP diagnosis was made based on the 
Modified Clinical Pulmonary Infection Score (MCPIS).

Demographic questionnaire

The demographic questionnaire consisted of items on age, 
gender, occupation, underlying diseases; reason for ICU 
admission and ward from which ICU referral was made; 
ward where endotracheal intubation had been carried out; 
disease severity based on the APACHE II score; use of med-
ications such as antibiotics, beta-blockers, antihistamines, 
diuretics, atropine, bronchodilators, immunosuppressants, 
and sedatives for dry mouth (xerostomia); history of smok-
ing; score on the Glasgow Coma Scale; repeated attempts to 
perform intubation; accidental removal of the tracheal tube; 
MV parameters; the amount of PEEP used; the amount of 
pressure support; mode of MV device during hospitaliza-
tion; spontaneous breathing and its duration; MV duration; 
ICU length of stay; and presence of nasogastric tube, gastric 
residual, and endotracheal tube cuff pressure.

Acute physiology and chronic health evaluation II 
(APACHE II)

The severity of the disease was measured using APACHE 
II criteria (Knaus et al., 1985) [43]. The APACHE II scor-
ing system is a disease severity classification system and 
one of the most widely used scores in the ICU [44]. The 
score is calculated by measuring 12 physiological vari-
ables, age, and health status. The 12 physiological vari-
ables include body temperature, mean arterial pressure, 
heart rate, respiration rate, ratio of arterial oxygen partial 
pressure  (Pao2) to fractional inspired oxygen  (FiO2)  (Pao2/
FiO2 ratio), arterial pH, arterial  HCO3, serum sodium level, 
serum potassium, hematocrit, creatinine, and leukocytes 
[44], and the total score ranges from 0 to 4. This scoring 
system works by focusing on the most unusual measure-
ments and values in the first 24 h of ICU admission. The 
consciousness level was scored using the Glasgow Coma 
Scale. Scoring in the second (adjustment of age) and third 
(adjustment of underlying disease) parts was performed 
based on the specific classification from the APACHE 
II score form [45]. As for disease severity, APACHE II 
score < 16 was indicative of low, 16–25 moderate, 26–30 
severe, and > 30 extremely severe disease [29]. This tool 
has acceptable validity and reliability [46].

Beck oral assessment scale (BOAS)

The oral health status of the patients was evaluated using 
BOAS scale. BOAS has been proposed as the most appropri-
ate tool for use among ICU patients, with the mucosal-dental 
plaque score being the most applicable during observation 
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[47], with five criteria, including the lips, gingival and oral 
mucosa membrane, tongue, teeth, and saliva. Each criterion 
was assigned a score from 1 to 4, so that the total score 
ranged from 5 to 20. The absence of disorder was scored as 
5, mild disorder as 6–10, moderate disorder as 11–15, and 
severe disorder as 16–20 [29, 48]. This scoring system has 
satisfactory validity and reliability [49].

Modified clinical pulmonary infection score (MCPIS)

The diagnosis of VAP was made using the MCPIS by Far-
tukh et al. (2003) [50]. In this scoring system, the maxi-
mum score is 10, where MCPIS < 6 indicates the absence 
of VAP and MCPIS ≥ 6 indicates the presence of VAP. 
This system has been approved by the American Thoracic 
Society and the Infectious Diseases Society of America 
[11]. This scale evaluates five parameters, including body 
temperature, white blood cell count, secretions, the  Pao2/
FiO2 ratio, and chest X-ray. For each of these five param-
eters, based on the patient’s condition, a score of 0 to 2 is 
assigned, where 0 represents normal conditions and 1 and 
2 represent lack of normal conditions. Body temperature 
was measured in the armpit. Temperatures of 36.5–38.4 °C 
received a score of 0, 38.5–39 °C a score of 1, and > 39 °C 
a score of 2. A white blood cell count of 4000–11,000 was 
given a score of 0, 11,000–17,000 score of 1, and over 
17,000 score of 2. If the patient did not have secretions or 
was normal, they would be assigned a score of 0, and if 
they had secretions, they would be assigned a score of 1 
or 2 depending on the amount of secretions and the phy-
sician’s opinion. The  Pao2/FiO2 ratio was calculated by 
examining the arterial gasses and oxygen percentage set for 
MV. A ratio more than 200 was scored as 0, and a ratio less 
than 200 was scored as 2. The chest X-rays were checked 
by the physician. If the X-ray showed no problems, it was 
scored as 0, and X-rays containing scattered spots were 
scored as 1 and those with concentrated spots as 2. The 
scores of all the parameters were summed up, with the total 
score ranging from 0 to10. On the 1st and 5th days, the 
patients were examined for VAP by a pulmonologist using 
the MCPIS, and those with a score ≥ 6 were regarded as a 
case of VAP [11, 50]. This scale has demonstrated accept-
able validity and reliability [11].

Protocol

Clove mouthwash solution at 6.66% concentration (Dr. Jahangir 
Pharmaceutical and Hygienic Co., Lorestan, Iran) and chlorhex-
idine 0.2% (Donyaye Behdasht Pharmaceutical Co., Tehran, 
Iran) were blindly provided to the ICU nurse by the researcher, 
and the nurse applied the mouthwash using 4–6 swabs.

In the intervention group, mouthwash was applied with 
15 ml of clove extract at 6.66% concentration twice a day at 
8:00 a.m. and 4:00 p.m. for 5 days.

In the control group, mouthwash was applied with 15 ml 
of chlorhexidine 0.2% (routine care) twice a day at 8:00 a.m. 
and 4:00 p.m. for 5 days.

The first mouthwash was applied by a trained ICU nurse 
within the first 24 h of hospitalization and then on the sec-
ond, third, fourth, and fifth days. The conditions of the pro-
cedure were the same in both groups. After washing the 
hands, to prevent the aspiration of secretions, the head of the 
patient’s bed was elevated by 30°, and the patient was posi-
tioned semi-sitting. Tracheal tube cuff pressure was meas-
ured using Covidien (Medtronic, Germany) and was main-
tained at 25 cm  H2O. Using sterile gloves, the nurse soaked 
4–6 swabs (depending on the patient’s oral hygiene status) 
with the solutions prepared for the intervention and control 
groups and washed the mucous membrane of their mouth, 
tongue and gums, and then suctioned the excess secretions. 
The suction conditions were the same for both groups [51]. 
Finally, the tape around the tracheal tube was replaced, the 
lips were cleaned, and some Vaseline was applied to lubri-
cate the lip surface using an applicator. On the 1st and 5th 
days, the patients were examined for VAP using the MCPIS. 
A score of ≥ 6 was taken as having acquired VAP (Fig. 1).

Data analysis

The data obtained were analyzed using the Kolmogo-
rov–Smirnov test, Mann–Whitney U-test, chi-square test, 
Fisher’s exact test, and the relative risk (RR) calculation 
at 95% CI in SPSS version 24, and the significance level 
(p value) was set at < 0.05.

Ethical considerations

An ethics code was obtained at Semnan University of Medi-
cal Sciences, and the study protocol was registered at the 
Iranian Registry of Clinical Trials. Necessary permissions 
were also obtained from the hospital and ICU authorities of 
Kosar Hospital. Before beginning the study procedure, the 
patient companions were briefed on the study objectives and 
procedure, and they then provided written informed consent 
for the patients’ participation in the study.

Results

Patients’ demographics

The mean ± standard deviation of age was 55.21 ± 9.7 and 
59.7 ± 21.4 years in the intervention and control groups. 
The distribution of age (p = 0.267), gender (p = 0.419), 
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occupation (p = 0.170), underlying disease (p > 0.05), medi-
cation use (p > 0.05), smoking (p = 0.278), disease severity 
(p = 0.412), oral hygiene status (p = 0.239), consciousness 
level (p = 0.819), reason for hospitalization (p = 0.236), ward 
from which ICU referral was made (p = 0.416), ward where 
intubation had been performed (p = 0.223), and pressure sup-
port (p = 0.736) did not differ significantly between the two 
groups (Table 1).

Outcome measures

APACHE II score was determined based on the physiologi-
cal score (p = 0.414), age (p = 0.324), and underlying disease 
(p = 0.642), and there was no significant difference between 
the intervention and control groups in this regard (Table 2).

The baseline BOAS score (p = 0.239) for the lips 
(p = 0.018), gingival and oral mucous membrane (p = 0.116), 
tongue (p = 0.651), teeth (p = 0.074), and saliva (p = 0.673) 
showed no significant differences between the intervention 
and control groups (Table 3).

MCPIS for body temperature (p = 0.234), white blood cell 
count (p = 0.249), the  PaO2/FiO2 ratio (p = 0.530), and chest 
X-ray (p = 0.097) showed no significant differences between 
the two groups; however, MCPIS (p = 0.002) and the secre-
tions score (p = 0.008) differed significantly between the 
intervention and control groups (Table 4).

After the intervention, 20.2% (n = 17) of the patients in 
the intervention group and 41.7% (n = 35) in the control 

group acquired VAP. The incidence rate of VAP was 2.06 
times higher in the control group than in the intervention 
group (RR = 2.06, 95% CI: 1.26–3.37, p = 0.005) (Table 5).

There was no significant difference in VAP severity 
between the two groups (p = 0.557) (Table 6).

Discussion

The results of this study showed that 20.2% of the patients 
in the intervention group and 41.7% of those in the control 
group acquired VAP. The risk of VAP was 2.06 times higher 
in the control group than in the intervention group. In line 
with the present findings, various other studies have also 
demonstrated the antibacterial and antimicrobial effects of 
clove. A study by Rajeshkumar et al. (2022) in India showed 
that chamomile and clove mouthwash has an optimal, dose-
dependent, inhibitory role against Streptococcus mutans; 
therefore, chamomile and clove mouthwash could be a safe 
alternative for infections caused by S. mutans [52]. A study 
by Gupta et al. (2021) in India also revealed the antimicro-
bial activity of clove against the main bacterial causes of 
dental plaque, including Pseudomonas, Lactobacillus, and 
Streptococcus mutans; clove thus has the potential to be used 
as a natural antibacterial agent for oral pathogens [53]. A 
study by Ahmed et al. (2021) in Pakistan also showed that 
clove strongly affects the growth of different streptococcus 
species causing tooth decay [54]. A study by Sahu et al. 

Fig. 1  Flow chart of the study 
design, enrollment, allocation, 
randomization, follow-up, and 
analyzed of study patients

Enrolment

Allocation

Follow-Up

Analyzed

Assessed for eligibility (n=168)

Completing demographic questionnaires, APACHE II, BOAS, MCPIS at 1st

Intervention group (n=84)
Mouthwash with 15 ml of clove

6.66% twice a day for 5 days

Control group (n=84)
Mouthwash with 15 ml of 

chlorhexidine 0.2% twice a day for 5 

days.

Patient evaluation for VAP with MCPIS in 5th

Lost in follow up (n=0)

Intervention stopped (n=0)

Lost in follow up (n=0)

Intervention stopped (n=0)

Analyzed (n=84)
Excluded from the analysis (n=0)

Analyzed (n=84)

Excluded from the analysis (n=0)
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Table 1  Characteristics of the 
patients 

*Chi-square
**Mann–Whitney U-test
***Fisher’s exact
APACHE II Acute Physiology and Chronic Health Evaluation II, BOAS Beck Oral Assessment Scale

Characteristic Intervention 
(n = 84)

Control (n = 84) p value

n % n %

Gender Male 52 61.9 57 67.9 0.419*
Female 32 38.1 27 32.1

Age  < 40 24 28.6 18 21.4 0.267**
40–59 14 16.7 18 21.4
 ≥ 60 46 54.8 48 57.1

Occupation Free 13 15.5 19 22.6
Retired 20 23.8 27 32.1 0.170*
Unemployed 34 40.5 29 34.5
Others 17 20.2 9 10.7

Underlying disease Diabetes 31 36.9 33 39.3 0.751*
Hypertension 29 34.5 36 42.9 0.267*
Digestive 2 2.4 2 2.4 1.00***
Cardiac 20 23.8 19 22.6 0.855*
Other diseases 17 20.2 20 23.8 0.576*

Medical use Antibiotics 83 98.8 82 97.6 1.00***
Beta blockers 43 51.2 52 61.9 0.161*
Diuretics 35 41.7 40 47.6 0.438*
Atropine 0 0 2 2.4 0.497***
Bronchodilators 39 46.4 41 48.8 0.757*
Sedative 83 98.8 84 100 1.00***

Smoking Yes 35 41.7 42 50.0 0.278*
No 49 58.3 42 50.0

APACHE II  > 16 53 63.1 49 58.3 0.412**
16–25 28 33.3 32 38.1
26–30 3 3.6 3 3.6

Glasgow Coma Scale 3–5 10 11.9 14 16.7 0.819**
6–8 49 58.3 47 56.0
9–11 25 29.8 23 27.4

BOAS  ≤ 5 13 15.5 20 23.8 0.239**
6–10 71 84.5 63 75
11–15 0 0 1 1.2

Reason for ICU admission Trauma 25 29.8 23 27.4 0.236*
Brain problems 11 13.1 9 10.7
Heart problems 1 1.2 4 4.8
Lung problems 9 10.7 7 8.3
Loss of consciousness 32 38.1 40 47.6
Other diseases 6 7.1 1 1.2

Referral ward to ICU Emergency 72 85.7 70 83.3 0.416*
Internal 9 10.7 13 15.5
Other departments 3 3.6 1 1.2

Intubation ward ICU 41 48.8 52 61.9 0.223*
Emergency 41 48.8 30 35.7
Internal 2 2.4 2 2.4

Support pressure 0–5 1 1.2 5 6.0 0.736**
6–10 48 57.1 45 53.6
11–15 35 41.7 34 40.5
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(2020) in India showed that clove extract contains some 
compounds such as acetyleugenol, beta-caryophyllene, and 
vanillin which can be effective in the treatment of bronchitis 
[55]. A study by Green et al. (2020) further demonstrated 
the antiviral effect of clove extract by directly affecting the 
respiratory syncytial virus and eliminating its infectious 

properties [56]. A study by Nirmala et al. (2019) in India 
demonstrated the antimicrobial properties of clove against 
Staphylococcus aureus [37]. The study by Faujdar et al. 
(2020) in India revealed the antibacterial effects of clove 
extract on gram-negative bacteria [57]. Microscopic exami-
nations carried out in a study by Wongsawan et al. (2020) in 

Table 2  Characteristics of the 
APACHE II in intervention and 
control groups

*Mann–Whitney U-test

Characteristics Intervention (n = 84) Control (n = 84) p value*
Median (Q1, Q3) Median (Q1, Q3)

Physiology score 9.50 (6.25, 12.00) 10.00 (7.00, 12.00) 0.414
Age score 3.00 (0.00, 5.00) 3.00 (0.00, 6.00) 0.324
Underlying disease 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.642
APACHE II 14.00 (10.00, 18.00) 14.00 (11.00, 18.00) 0.412

Table 3  Characteristics of 
the BOAS in intervention and 
control groups

*Mann–Whitney U-test

Characteristics Intervention (n = 84) Control (n = 84) p value*
Median (Q1, Q3) Median (Q1, Q3)

Baseline BOAS, lips 1.00 (1.00, 2.00) 2.00 (1.00, 2.00) 0.018
Baseline BOAS, gingival and oral 

mucosa
1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 0.116

Baseline BOAS, tongue 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 0.651
Baseline BOAS, teeth 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 0.074
Baseline BOAS, saliva 2.00 (1.00, 2.00) 2.00 (1.00, 2.00) 0.673
BOAS 6.00 (6.00, 7.00) 7.00 (6.00, 7.00) 0.239

Table 4  Characteristics of the 
MCPIS in intervention and 
control groups

*Mann–Whitney U-test

Characteristics Intervention (n = 84) Control (n = 84) p value*
Median (Q1, Q3) Median (Q1, Q3)

Body temperature 0.00 (0.00, 0.00) 0.00 (0.00, 0.75) 0.234
White blood cell count 1.00 (0.00, 1.00) 1.00 (0.00, 1.00) 0.249
Secretions 1.00 (1.00, 1.00) 1.00 (1.00, 2.00) 0.008
Pao2/FiO2 ratio 2.00 (2.00, 2.00) 2.00 (2.00, 2.00) 0.530
Chest X-ray 0.00 (0.00, 1.00) 0.00 (0.00, 2.00) 0.097
MCPIS 4.00 (3.00, 5.00) 5.00 (3.25, 7.00) 0.002

Table 5  Incidence of VAP in 
intervention and control groups

*Chi-square

VAP Intervention (n = 84) Control (n = 84) Relative risk 
(RR)

Confidence inter-
val 95% relative 
risk*n % n %

Yes 17 20.2 35 41.7 2.06 1.26–3.37
No 67 79.8 49 58.3
Total 84 100 84 100 - -
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Thailand also showed the inability of Streptococcus to grow 
and its cell membrane disruption upon exposure to clove 
[58]. Furthermore, a study by Bharadwaj et al. (2020) in 
India showed the antimicrobial and phytochemical activity 
of clove against Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Salmonella typhi, Bacillus sub-
tilis, and Staphylococcus aureus [34]. In addition, the study 
by Yassin et al. (2020) in Saudi Arabia revealed that clove 
is an effective, natural, and safe antifungal agent producing 
inhibitory effects against the most common and dominant 
types of candidiasis [59]. In contrast, a study by Mahajan 
(2016) in India found that the antimicrobial properties of 
tulsi (Ocimum tenuiflorum), clove, and neem (Azadirachta 
indica) mouthwash were lower compared to chlorhexidine 
[60]. In a study by Bansal et al. (2019) in India, the antimi-
crobial properties of clove were found to be lower than those 
of chlorhexidine [61]. Since the findings of the current study 
showed that clove mouthwash causes a significant reduction 
in VAP acquisition in ICU patients compared to chlorhex-
idine, due to the fewer side effects of herbal mouthwashes, 
the researchers recommend further studies as well as system-
atic reviews on this subject. This study showed differences 
in the secretions score of MCPIS between the two groups. 
Colonization, respiratory-digestive system and aspiration, 
contaminated secretions in the lower respiratory system, are 
two major processes responsible for VAP [62, 63].

The results of this study showed that the APACHE II 
scores did not differ significantly between the intervention 
and control groups. Other studies also found no statistically 
significant difference between the two groups regarding the 
APACHE-II score [11, 64]. The APACHE II score is a vital 
indicator of acute physiological abnormalities in patients 
[11, 64]. The APACHE II score is a vital indicator of acute 
physiological abnormalities in patients [65, 66].

Our research revealed that the majority of ICU patients 
had moderate oral health dysfunction. The results of a study 
by Malicka et al. (2020) in Poland showed moderate or 
severe dysfunction of oral health in older adults with poor 
oral health [67]. Also, hospitalization in an ICU along with 
MV can be harmful to oral health and lead to the buildup of 
dental plaque and emergence of mucosal lesions [68]. ICU 

patients are a group particularly susceptible to VAP because 
of the decline in their oral health [69]. In this study, BOAS 
did not differ significantly between the intervention and con-
trol groups. All ICU patients are at a high risk for developing 
VAP, but ensuring proper oral care in ICU patients has been 
shown to reduce the incidence of VAP [69, 70].

In our study, among the patients who acquired VAP, 
the severity of the disease did not differ significantly 
between the two groups. The study by Khaki et al. (2018) 
in Isfahan, Iran, conducted on the efficacy of Nanosil 
mouthwash for the prevention of pulmonary infection in 
ICU patients showed a significantly higher MCPIS in the 
control group, who had used chlorhexidine mouthwash, 
and the mean MCPIS was significantly higher in the con-
trol group on the fifth day than on the first day, but the 
mean MCPIS in the intervention group, who had used 
Nanosil mouthwash, did not show significant differences 
between the two intervals, i.e., at days 1 and 5 [71]. A 
comparative study by Babaiiet al. (2015) in Urmia, Iran, 
conducted on the effects of standard artificial airway 
care and routine care of the upper airway on the inci-
dence of VAP showed that the mean MCPIS increased 
significantly on the third, fourth, and fifth days in the 
control group, who had received routine care without a 
specific protocol, with MCPIS increasing significantly 
on the fifth day compared to the third and fourth days. 
The mean MCPIS increased significantly on the third, 
fourth, and fifth days in the intervention group, but the 
increase was not statistically significant on the fifth day 
compared to the third and fourth days [72].

In the present study, bronchoalveolar lavage (BAL) was 
not performed due to its invasiveness, despite being a reli-
able and definitive method for the diagnosis of VAP. In 
addition, it was not possible to control several factors such 
as antibiotic resistance, differences between the patients’ 
immune systems, and resistant pathogens in the environ-
ment, which could have contributed to VAP incidence. 
Future comparative studies are recommended on the 
effects of clove mouthwash and other mouthwashes for 
the prevention of VAP, especially in ICU patients. Clove 
mouthwash was more effective than chlorhexidine for VAP 
incidence reduction. Nurses can use clove mouthwash in 
their care measures to reduce VAP acquisition.

Conclusion

The present study found that the use of clove extract 
mouthwash decreased the incidence of VAP in ICU 
patients undergoing MV compared to chlorhexidine. 
Therefore, clove mouthwash can be used as a simple and 
low-cost method to prevent VAP in ICU patients.

Table 6  Severity of VAP in intervention and control groups

*Mann–Whitney U-test

Severity of VAP Intervention Control p value*

n % n %

6 8 47.0 12 34.3 0.557
7 7 41.2 20 57.1
8 1 5.9 3 8.6
9 1 5.9 - -
Total 17 100 35 100 -
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