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Abst rac t
Introduction: Electronic cigarettes have already become a popular alternative to traditional smoking. 
Aim: To observe if there were any changes in oral bacteria of electronic cigarette users.
Material and methods: The study population included 125 patients (40 – e-cigarette users, 43 – cigarette smokers, 
42 – non-smokers). The conducted microbiological tests were aimed at identification of microorganisms with po-
tential pathological influence on the oral cavity. Distributions of the study variables were compared between groups 
with c2 test. All calculations were carried out with Statistical 10 software (Stat Soft Inc.; Tulsa, USA) and intergroup 
differences were considered significant at p ≤ 0.05.
Results: The differences were statistically significant in relation to Gram-negative bacteria in e-cigarette users 
(27.5%) compared to smokers of traditional cigarettes (4.6%) (p < 0.05). In relation to Gram-positive bacteria, no 
statistically significant differences were found between these groups. Co-occurrence of commensal bacteria and 
potentially pathogenic bacteria from the oral cavity among e-cigarette users was higher than in smokers of tradi-
tional cigarettes (32.1% vs. 9.2%; p < 0.05).
Conclusions: The use of e-cigarettes caused changes in oral bacteria compared to smokers of traditional cigarettes 
and non-smokers especially with respect to colonization of potentially pathogenic bacteria. Changes in the oral 
cavity environment to the disadvantage of commensal flora can affect the course of some pathological processes 
in the oral cavity.
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Introduction

Electronic cigarettes, since they appeared 15 years ago, 
have been becoming more and more widespread among 
different social groups, which is mainly caused by a wide 
range of available flavours and ability to control the concen-
tration of nicotine [1–3]. Electronic cigarettes have already 
become a popular alternative to traditional smoking espe-
cially among young people [4–6]. According to numerous 
research studies, electronic cigarettes are believed to cause 
less harm, however they are not neutral to the human body 
[7–9]. At the beginning, electronic cigarettes were also 
more socially acceptable than traditional cigarettes and al-
lowed to use in public places [7, 10–12]. Usage of electronic 
cigarettes, in comparison to tobacco smoking, produce less 
concentration of toxic and carcinogenic substances like 
carbon monoxide, phenol, polycyclic aromatic carbohydrate 
and others [13]. Liquids added to electronic cigarettes ex-

cept water consist of propylene glycol, nicotine and other 
additives like glycerol and various flavourings. Aerosol, vis-
ible as white fog, is produced by vaporizing e-liquid in the 
vaporizing chamber to the temperature of about 40–65°C 
[14, 15]. It has been proven that propylene glycol does not 
manifest toxic effects and undergoes fast metabolism in 
the human body [5]. Propylene glycol and glycerine are not 
detrimental substances, however as a result of chemical 
reactions during the generation of an aerosol from an e-
cigarette, they can be transformed into formaldehyde, 
which is a well-known carcinogen [16]. According to Jensen 
et al., the amount of formaldehyde formed is similar to its 
content in tobacco smoke [17]. Another threat associated 
with the use of electronic cigarettes is posed by flavouring 
substances, which influence to the human organism still 
remains unknown. A majority of those substances have 
already been approved for use in food and cosmetic indus-
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try, nevertheless long-term results of inhaling them might 
bring serious side effects and is not well examined yet  
[7, 8, 18–20]. Research conducted by Kucharska et al. ex-
posed discrepancy between the real composition of e-liq-
uids and information given by the manufacturers [21]. In 
most cases the exact chemical composition of e-liquids is 
unknown and information received from manufacturers is 
partial and deficient [22–24]. According to conducted stud-
ies, the occurrence of adverse side effects was dependent 
on the use of specific e-liquid flavours [25, 26]. Strawberry, 
coffee and menthol liquids presented significant cytotox-
icity to bronchial epithelial cells. However, toxicity of elec-
tronic cigarettes is correlated with the device voltage and 
is stronger after its increase [26]. 

Firstly, electronic cigarettes were believed to become 
a less harmful alternative to traditional cigarette smok-
ing, notwithstanding electronic cigarettes could bring 
serious side effects including xerostomia, cough, increase 
in breathing resistance, tachycardia and oral cavity dis-
orders [7–9, 27–30]. However, in clinical trials conducted 
among users of electronic cigarettes, some pathological 
reactions of the body appearing after smoking a tradi-
tional cigarette were not observed including: changes in 
spirometry parameters, pulse and blood pressure values, 
myocardial function, carbon monoxide concentration in 
the exhaled air, nicotine levels in plasma and disorders in 
the blood cell system, or an increase in the level of inflam-
matory markers. On the other hand, an increase in respi-
ratory resistance, a decrease in exhaled nitric oxide and 
oral symptoms in the form of a dry cough, irritation of the 
mouth and throat have been observed [31, 32]. Research 
conducted by Farsalinos et al. proved that in comparison 
to smoking traditional cigarettes, electronic cigarettes did 
not lead to an increased risk of developing cardiovascular 
diseases, related to blood pressure values in smokers who 
replaced traditional cigarettes with electronic ones [33].

The use of electronic cigarettes can also become 
a cause of numerous side effects related to the oral cav-
ity. In conducted studies there was observed death of 
oral mucosal epithelial cells by necrosis and apoptosis, re-
gardless of the presence or absence of nicotine in the in-
halation solution [34–36]. The cytotoxic effect of e-liquids 
was also manifested in the induction of oxidative stress 
[37]. Adverse effects of the usage of electronic cigarettes 
on periodontal structures have been observed not only 
by inducing oxidative stress but also by promoting the 
release of proinflammatory cytokines: PGE2, COX-2, IL-8 
[28, 38, 39]. The aerosol generated during the usage of 
electronic cigarettes adversely affected the maintenance 
of regular DNA structure, which could potentially lead to 
the development of mutations and, consequently, a can-
cer [15, 28]. 

Research focused on the impact of electronic ciga-
rettes on the condition of the oral cavity still remains 
limited [15, 28, 34–36, 38, 39]. 

Aim

The aim of this study was to observe if there were any 
changes in oral bacteria among electronic cigarette users 
in comparison to both non-smokers and people smoking 
traditional cigarettes. 

Material and methods 

Participants

One hundred and twenty-five volunteers partici-
pated in the study including 40 patients using electronic 
cigarettes (e-cigarette users), 43 patients smoking tra-
ditional cigarettes (smokers) and 42 healthy patients as 
the control group which have never smoked cigarettes 
(non-smokers). They all volunteered for a follow-up ex-
amination of periodontium and oral mucosa. Patients 
who participated in this study were not smoking both 
traditional and electronic cigarettes. All groups included 
generally healthy people aged 20 to 30 years. Informed 
consent to participate in the study was obtained from 
all patients. Underage patients did not participate in 
the study. Patients with periodontitis and oral mucosa 
diseases as well as patients with diseases which might 
interfere the condition of oral mucosa like diabetes, dis-
orders of salivary secretion and patients taking medica-
tions permanently and treated with antibiotics or ste-
roid preparations in the last 6 months, were excluded 
from the research. Electronic cigarette users were using 
electronic cigarettes with a small nicotine concentration. 
Traditional cigarette smokers were smoking from 10 to 
20 cigarettes per day. The minimum time of using elec-
tronic cigarettes and smoking traditional cigarettes was 
6 months, the maximum time was 7 months. All groups 
were also ethnically homogeneous. The study was con-
ducted in 2018–2019. The study protocol has been ap-
proved by the Independent Bioethics Committee for 
Scientific Research at Medical University of Gdansk (NK-
BBN/161/2014). Ethical aspects of the research followed 
the World Medical Association Declaration of Helsinki. 

Specimen collection and transportation

The swabs from the oral cavity were collected from 
all three groups of patients. The samples were obtained 
with sterile, dry cotton swabs from buccal oral mucosa. 
Only one swab was collected from each person. The sam-
ples were transported to the laboratory in the transport 
medium (Amies medium, Bionovo, Poland) up to 24 h 
and examined immediately thereafter. 

Microbiological analysis

Culture

The oral cavity swabs were inoculated directly into 
Columbia Agar with 5% Sheep blood, MacConkey agar, 
Mannitol Salt Agar (MSA) and Sabouraud Dextrose Agar 
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(Graso Biotech, Poland) with the use of the isolation 
streak method to yield a semiquantitative estimate of 
growth. Blood agar plates (Columbia Agar with 5% Sheep 
blood) were incubated in a CO

2 
jar at 37°C for 18–24 h, 

other plates (MacConkey agar, MSA, Sabouraud Dextrose 
Agar) were incubated at 37°C under aerobic atmosphere, 
for 24–48 h [40]. The relative number of organisms was 
estimated based on the extent of growth beyond the 
original area of inoculums. Growth in the first quant 
was graded as 1+, or light growth. Growth in the second 
or third quadrant was graded as 2+ to 3+. Intensity of 
growth of Streptococcus viridians group and Neisseria 
sp. (N. sicca, N. flavescens) was reported as 2+ or 3+; for 
other microorganisms – growth was estimated as 1+. 

Identification of isolates

The identification of microorganisms was performed 
by using conventional microbiological techniques (mac-
roscopic, microscopic, biochemical, serological) [40].

Gram-positive bacterial identification: a) staphylococ-
cal species were identified based on colony morphology, 
Gram staining technique, tube coagulase test and Mi-
crogen Staph test (Microgen Bioproducts Limited, UK); 
b) Streptococci were identified on the basis of colony 
characteristics, haemolysis, Gram staining technique, 
catalase test, optochin sensitivity and Microgen Strep 
test (Microgen Bioproducts Limited, UK). 

Gram-negative bacterial identification was performed 
biochemically, based on API-system (BioMerieux, Marcy-
l’Etoile, France). API system was used to determine the 
identity of other microorganisms. All tests were used ac-
cording to their manufacturers’ instructions. As a com-
mensal flora we accepted microorganisms that are al-
ways present in a person in the oral cavity and usually 
do not cause any disease.

Statistical analysis

Distributions of the study variables were presented 
as numbers and percentages and compared between 
groups with c2 test. All calculations were carried out with 
Statistical 10 software (Stat Soft Inc.; Tulsa, USA). Inter-
group differences were considered significant at p ≤ 0.05.

Results

A total of 298 isolates were identified from both: 
smokers (e-cigarette users, smokers of cigarettes) and 
non-smokers. The distribution of microbial isolates in the 
studied groups is shown in Table 1. 

Table 1 shows differences between distribution of 
microorganisms isolated from electronic cigarette users, 
smokers of traditional cigarettes and the control group 
(non-smokers). The incidence of microorganisms other 
than commensal flora colonizing the oral cavity was sig-
nificantly higher in electronic cigarette users than in the 

Table 1. Distribution of microorganisms isolated from e-cigarette users, smokers of cigarettes and non-smokers

Microorganisms E-cigarette users
n = 40

Smokers of cigarettes
n = 43

Non-smokers
n = 42

P-value

Commensal bacteria: 40 (100%) 43 (100%) 42 (100%) NS

Streptococcus viridans group 40 43 42

Neisseria sp. 40 43 42

Staphylococci coagulase- negative 5 2 1

Potentially pathogenic bacteria: 14 (32.1%)a 4 (9.2%)b 14 (33.2%) < 0.05

Gram-positive cocci: 3 (4.6%) 2 (4.6%) 7 (16.6%) NS

Streptococcus pyogenes 0  1  1

Staphylococcus aureus 3 1 6

Gram-negative rods: 11 (27.5%)a 2 (4.6%)b 7 (16.6%) < 0.05

Escherichia coli 3 1 1

Klebsiella oxytoca 1 1 1

Klebsiella pneumonia 1 0 0

Enterobacter sp. 2 0 1

Citrobacter sp. 1 0 1

Providentia sp. 1 0 1

Pseudomonas aeruginosa 2 0 2

Candida albicans 2 (5%) 2 (4.6%) 4 (9.5%) NS

*P < 0.05 for a-b (statistical significance), NS – non-significant.
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smokers of cigarettes (15.7% vs. 6.4%; p < 0.05). Among 
the microorganisms colonizing the oral cavity in the test-
ed groups, the most numerous were Gram-negative rods 
(6.7%). The Gram-negative rods had a higher percentage 
of isolation among electronic cigarette users in compari-
son to traditional smokers of cigarettes (six times lower 
than in e-cigarette users). The difference is statistically 
significant (10.9% vs. 2.1%; p < 0.05), while there were 
no statistically significant differences in comparison to 
non-smoker group. Seven different species of Gram-neg-
ative rods were isolated from the oral cavity of electronic 
cigarette users, but among traditional cigarette smokers 
there were only two.

The frequency of co-isolation of other microorgan-
isms simultaneously with commensal oral flora varied 
depending on the study group (Table 2) and was more 
common in a group of electronic cigarette users than in 
a group of traditional cigarette smokers (40% vs. 14%;  
p < 0.05). Differences between electronic cigarette users 
and the control group were not statistically significant, 
as well as between traditional cigarette smokers and the 
control group. However, electronic cigarette users occurred 
to have commensal bacteria reduced (60%) only in com-
parison to traditional cigarette smokers (86%) (p < 0.05).

The colonization of the oral cavity with one microor-
ganism occurred in all subjects (16/17 vs. 6/6 vs. 9/13). 
Colonization with two or three microorganisms of this 

place, in addition to normal flora, was extremely rare in 
electronic cigarette users and non-smokers. In a group of 
traditional cigarette smokers there were no colonization 
with two or more microbial strains.

Discussion

The presence of physiological flora in the oral cav-
ity is essential for the proper function of the whole or-
ganism and any disorder can lead to the development 
of both oral cavity and general diseases [41]. There are 
more than 700 bacterial species that inhabit the oral 
cavity, which makes oral cavity a highly heterogeneous 
ecosystem [42]. The influence of tobacco smoking is 
more closely examined than electronic cigarette vapour, 
however both aspects still need to be explored [43]. In 
recent studies conducted by Stewart et al. no significant 
changes in buccal microbiota between traditional ciga-
rette smokers and non-smokers were observed [43], how-
ever Yu et al. concluded that buccal diversity of bacteria 
is reduced among traditional cigarette smokers, which is 
comparable to our studies [44]. In studies conducted by 
Yu et al., smoking cigarettes have a strong influence on 
oral microbiota of buccal mucosa, however there were 
no statistically significant differences in other parts of 
the oral cavity between tobacco smokers and non-smok-
ers. In our research, smokers of traditional cigarettes 

Table 2. Co-occurrence of commensal bacteria and potentially pathogenic microorganisms from the oral cavity among 
e-cigarette users, smokers of cigarettes and non-smokers

Microorganisms E-cigarette users
n = 40

Smokers of cigarettes
n = 43

Non-smokers
n = 42

P-value

Commensal bacteria with potentially pathogenic microorganisms: 15/40 (37.5%)a 6/43 (14%)b 13/42 (31%) < 0.05

Commensal bacteria + S. aureus 2/40 1/43** 5/42

Commensal bacteria + C. albicans 3/40** 2/43 0/42

Commensal bacteria + Streptococcus pyogenes 0/40 1/43** 1/42

Commensal bacteria + E. coli 3/40 1/43 0/42

Commensal bacteria + Enterobacter sp. 2/40** 2/43 1/42

Commensal bacteria + K. oxytoca 1/40 1/43* 0/42

Commensal bacteria + K. pneumoniae 1/40 0/43 0/42

Commensal bacteria + Citrobacter sp. 1/40 0/43 0/42

Commensal bacteria + Providencia sp. 0/40 0/43 1/42

Commensal bacteria + P. aeruginosa 1/40 0/43 1/42

Commensal bacteria + Providencia sp. + P. aeruginosa 1/40 0/43 0/42

Commensal bacteria + Citrobacter sp. + C. albicans 0/40 0/43 1/42

Commensal bacteria + S. aureus + C. albicans 0/40 0/43 1/42**

Commensal bacteria + S. aureus + K. oxytoca 0/40 0/43 1/42

Commensal bacteria + E. coli + P. aeruginosa + C. albicans 0/40 0/43 1/42

Commensal bacteria only 25/40
(62.5%)a

37/43
(86%)b

29/42
(69%)

< 0.05

*P < 0.05 for a-b (statistical significance), NS – non significant; Commensal bacteria: Streptococcus viridans group +++, Neisseria sp. ++ (in each sample) and 
Staphylococci coagulase- negative + (some samples)**.
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presented less diversity of microorganisms in the buc-
cal mucosa, mainly commensal bacteria was observed 
(86%), in comparison to the control group (71%) and e-
cigarette users (62.5%). In no sample of traditional ciga-
rette smokers, the presence of Pseudomonas aeruginosa, 
a facultative anaerobic bacterium, was observed, how-
ever P. aeruginosa appeared among electronic cigarette 
users and the control group. Differences in the bacteria 
of the oral cavity between smokers and non-smokers 
were also observed in studies conducted by Morris et al., 
where smokers presented a reduction in number of Por-
phyromonas, Neisseria and Gemella [45]. However Wu 
claimed to observe a reduction in Proteobacteria  occur-
rence among cigarette smokers [46]. 

The impact of electronic cigarette usage on oral bac-
teria is an issue that has not been the subject of compre-
hensive research yet, except for single research conducted 
in 2018 by Stewart et al., where no important changes in 
oral bacteria diversity among electronic cigarette users in 
comparison to non-smokers were proven, however the re-
search included a smaller study group (30 individuals) [43] 
than our research. In the test results which we received in 
a group of 125 individuals, among e-cigarette users there 
was observed higher co-occurrence of commensal flora 
and other microorganisms colonizing the oral cavity than 
among smokers of traditional cigarettes (15.7% vs. 6.4%; 
p < 0.05) and the control group (non-smokers). There was 
also a statistically significant increase in Gram-negative 
rods among e-cigarette users and traditional cigarette 
smokers. Mainly Gram-negative fermentative rods were 
isolated. These bacteria may temporarily colonize the 
upper respiratory tract, however in hospitalized patients 
under artificial respiration they can develop a difficult-to-
treat pneumonia. In our research there were no statisti-
cally significant differences in presence of Candida albi-
cans in all groups. On the contrary, research conducted by 
Mokeem revealed more frequent colonization of the oral 
cavity by Candida spp. among both electronic cigarette 
users and traditional cigarette smokers in comparison to 
non-smokers [47]. Due to the considerable differences in 
obtained results, further research is required. 

The usage of electronic cigarettes causes changes in 
the oral cavity environment to the disadvantage of com-
mensal flora, which can lead to development of some 
pathological processes in the oral cavity, for instance oral 
mucositis. This is the most widely observed side effect 
of non-surgical cancer treatment, which concerns 75% 
of high risk patients subjected to head and neck radio-
therapy or high-dose chemotherapy [48, 49]. Reduction 
in the amount of pathological microorganisms inhabiting 
the oral cavity is an important issue in management of 
oral mucositis. This is not an infectious disease however 
secondary colonization of ulcerations pose a negative 
influence on mucosal healing processes [50].

An important factor which significantly influences 
maintenance of healthy oral bacteria is saliva. All disor-

ders connected with secretion and composition of saliva 
may lead to changes in composition of oral bacteria [51]. 
Electronic cigarettes and tobacco smoking influence an-
tibacterial properties of saliva. Saliva of e-cigarette users 
and tobacco smokers presented a lower lysozyme level 
in, which have bacteriolytic properties in gram-positive 
bacteria and can activate destruction of bacterial cell 
walls. However, tobacco smokers were also observed to 
have a lower level of IgA and lactoferrin in saliva. On the 
contrary, in saliva of electronic cigarette users there was 
a higher level of lactoferrin and no changes in IgA [52]. 
Those changes in composition of saliva may also influ-
ence the presence of bacteria in the oral cavity. 

The conducted research has its limitations resulting 
from a small number of the studied groups, however due 
to the homogeneity of the groups, the obtained results 
are reliable. The issue of using electronic cigarettes still 
requires some further longitudinal study on an even larg-
er group of respondents. 

Conclusions

The oral cavity, being the first link in contact with 
tobacco smoke and aerosol of electronic cigarettes, is 
an area particularly vulnerable to the potentially harm-
ful effects of inhaled substances. Our research revealed 
changes in the oral bacteria in comparison to the control 
group for both smokers and e-cigarette users. The usage 
of electronic cigarettes causes changes in the oral cavity 
environment to the disadvantage of commensal flora, 
which can affect the course of some pathological pro-
cesses in the oral cavity. However, the differences were 
greater in the group of people using electronic cigarettes 
compared to people smoking traditional cigarettes, es-
pecially in colonization of other microorganisms which 
especially in hospitalized patients may contribute to the 
development of a life-threatening disease.

The impact of electronic cigarettes on oral bacteria 
still remains a poorly understood issue that requires fur-
ther research and longitudinal study on a larger study 
group of patients. 
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