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Background: Waterpipe smoking is a global health problem and a serious public concern. 

Little is known about the effects of waterpipe smoking on oral health. In the current study, we 

examined the alterations of oral microbial flora by waterpipe smoking. 

Methods: One hundred adult healthy subjects (59 waterpipe smokers and 41 non-smokers) 

were recruited into the study. Swabs were taken from the oral cavity and subgingival regions. 

Standard culturing techniques were used to identify types, frequency, and mean number of 

microorganisms in cultures obtained from the subjects. 

Results: It was notable that waterpipe smokers were significantly associated with a history 

of oral infections. In subgingiva, Acinetobacter and Moraxella species were present only in 

waterpipe smokers. In addition, the frequency of Candida albicans was higher in the subgin-

giva of waterpipe smokers (p = 0.023) while the frequency of Fusobacterium nucleatum was 

significantly lower in the subgingiva of waterpipe smokers (p = 0.036). However, no change was 

observed in other tested bacteria, such as Campylobacter species; Viridans group streptococci, 

Enterobacteriaceae, and Staphylococcus aureus. In oral cavity and when colony-forming units 

were considered, the only bacterial species that showed significant difference were the black-

pigmented bacteria (p < 0.001). 

Conclusion: This study provides evidence indicating that some of the oral microflora is sig-

nificantly altered by waterpipe smoking. 

Keywords: waterpipe, smoking, oral microflora, hookah, tobacco

Introduction
Waterpipe is a way of tobacco consumption in which the smoke passes through the 

water before it is inhaled.1 The use of waterpipes is increasing all over the world, 

especially among young people and women.2 A waterpipe machine has four major 

parts: a head, stem, vase, and hose (Figure 1). Smoking using this machine includes 

the use of flavored and hydrated, tobacco known as “moassel.” A charcoal is placed on 

top of the tobacco to provide the heat needed to burn the moassel.1 The bottom of the 

head has holes in it that passes the produced smoke to the stem, which is submerged 

in water that half-fills the vase. The hose is not submerged, exits from the bowl’s top, 

and ends with a mouthpiece, from which the user inhales.1 

The health effects of cigarette smoking are well documented; however, knowledge 

regarding the impact of waterpipe smoking on body health is still lacking.3 Previous 

literature has shown that smoke produced by a waterpipe contains a similar toxicant 

profile to that produced by cigarettes with different magnitude. For example, the tar 
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produced by a single episode of waterpipe is about five times 

that produced by a single cigarette.4 Similarly, exposure 

to carbon monoxide is at least several folds higher during 

waterpipe smoking compared with that of cigarette  smoking.5 

Furthermore, the polycyclic aromatic hydrocarbons in 

waterpipe smoke are many times more than that of cigarette 

smoke.6 In addition, the style of waterpipe smoking results 

in a dramatically higher exposure volume to smoke, more 

tobacco consumption per smoking event, and longer smoke 

inhalation periods.7 Finally, tobacco in waterpipes is usually 

mixed with sugar, glycerol, and flavors, this mixture is burned 

by charcoal.1 Thus, it is expected that waterpipe smoking will 

have a distinct effect on oral microbial flora. 

The effects of cigarette smoking on oral health show that 

cigarette smoking is associated with oral cancer, periodontal 

disease, oral infections, and interference with the taste and 

modulation of normal flora.8,9 Several studies have also inves-

tigated the effect of smoking on oral microbiota and showed 

significant differences in the subgingival bacteria between 

smokers and non-smokers,10 For example, Zambon reported 

that smokers harbored significantly higher levels of Bacte-

roides forsythus subgingivally.11 In addition, the prevalence 

of several oral pathogens such as Prevotella nigrescens, Pre-

votella intermedia, Porphyromonas gingivalis, and Tannerella 

was significantly higher in smokers than in non-smokers.12 

Regarding waterpipe smoking, few studies have examined 

effects of waterpipe smoking on oral health. A recent study 

has shown a strong association between waterpipe smoking 

and periodontal disease.13 In addition, waterpipe smoking has 

been shown to significantly increase potentially malignant oral 

mucosal lesions14 and lower lip squamous cell carcinoma and 

keratoacanthoma.15 Moreover, waterpipe smoking has been 

shown to induce DNA damage in buccal cells.16

Several bacterial species were identified in the human 

oral cavity including many anaerobic periodontal pathogens 

which are associated with periodontal infections such as 

P. gingivalis, Tannerella forsythia, P. intermedia, Eikenella 

corrodens, Campylobacter rectus, Aggregatibacter actino-

mycetemcomitans, Treponema denticola, and Fusobacterium 

nucleatum.17 The frequency of these pathogens in the oral 

cavity has been shown to be altered by cigarette smoking.18 

Since the profile of toxicants and behavior of smoking are 

different between waterpipe and cigarette smoking, in this 

study, we investigated the effect of waterpipe smoking on 

the profile of normal flora in the oral cavity and subgingiva 

which is still undefined and unclear. The results of this study 

might be used to derive policies and interventions that target 

waterpipe smokers.

Materials and methods
Subjects
Fifty-nine healthy waterpipe smokers were recruited to par-

ticipate in the study. As a control, 41 healthy non-smokers 

that matched the smokers group in gender and age were 

also recruited from the same geographical area. Smokers 

and their matched controls were recruited from customers 

of waterpipe cafes in Irbid city, which is the largest urban 

population north of Jordan. Usual customers of waterpipe 

cafes are young adults of both genders, who are either 

waterpipe smokers or waterpipe non-smokers who accom-

pany their smoking friends, relatives, or family members to 

these places. Those who used tobacco products other than 

waterpipe were excluded from the study. Additionally, par-

ticipants with previous history of oral diseases/infections or 

who were taking medications during the past 2 months were 

also excluded from the study. This study was approved by the 

Institutional Review Board of Jordan University of Science 

and Technology (Approval number 152/2012), and written 

informed consent was obtained from all subjects according 

to Institutional Review Board approval.

Sample collection
Subgingival samples were collected by inserting and rotat-

ing absorbent sterile paper-points (Meta Biomed Co Ltd, 

Cheongju, South Korea) for 10–15 seconds between the 

front upper and lower teeth to get high quantities of bacteria. 

Subjects with bleeding gums were excluded. In addition, 

any participant with a history of oral infection in the past 2 

months was excluded. Oral cavity samples (teeth, tongue, 

and cheeks) were collected using sterile cotton transport 

swabs. Occasionally, bleeding occurred while taking the 

Figure 1 A waterpipe machine. The major components of a waterpipe machine are 
labeled and include the head, stem, vase, and hose.
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sample after inserting and rotating the sterile paper points 

(one for lower part and one for the upper part of teeth). In this 

case, the sample was discarded and sampling was repeated 

from a non-bleeding site. Samples were transported under 

anaerobic conditions using liquid dental transport medium 

(LDTM) (Anaerobe Systems, Morgan Hill, CA, USA). All 

samples were processed for microbiology techniques within 

1–2 hours.

Culture conditions 
Isolation of microorganisms was carried out by methods 

previously reported.19 Isolated strains were characterized 

using standard microbiological methods as described in 

Clinical and Laboratory Standards Institute (CLSI) ML35-

A220 document (Table 1). Each sample was vortexed at high 

speed for 60 seconds and then subjected to a series of 10-fold 

dilutions (up to 10–4) by using sterile Dulbecco’s phosphate 

buffered saline. Thereafter, aliquots of 100 μL from each 

different dilution were spread onto different differential and 

selective media including: crystal violet erythromycin (CVE), 

Wolinella agar, MacConkey agar, mannitol salt agar (MSA), 

kanamycin–vancomycin laked blood-2 (KVLB-2), tryptic 

soy agar supplemented with hemin 5 mg/mL and vitamin K3 

(Menadione) 0.5 mg/mL, Mitis Salivarius agar supplemented 

with tellurite solution, and Sabouraud dextrose agar (SDA). 

For each microbial species, colony-forming units (CFUs/mL) 

were recorded for each plate by CFU enumeration assay. Total 

counts were determined on Columbia blood agar, aerobically 

and anaerobically. The following media were inoculated and 

incubated anaerobically at 37°C for 7–10 days by using the 

Oxoid™ Anaerobic Atmosphere Generation System, Anaero-

Gen™ 2.5 L Sachets: 1; ThermoFisher Scientic, Waltham, 

MA, USA) CVE agar (trypticase soy agar, yeast extract 5 g/L, 

sodium chloride 5 g/L, glucose 2 g/L, tryptophan 0.2 g/L, 

crystal violet 5 mg/L, erythromycin 4 mg/L, defibrinated 

sheep blood 50 mL/L) was used to assess F. nucleatum;21 

2) Kanamycin Vancomycin Laked Blood-2 (KVLB-2: 

Kanamycin 75 mg/mL, Vancomycin 2 mg/mL, laked blood) 

supplemented with hemin 5 mg/mL, vitamin K1 1 mg/mL), 

and trypticase soy agar supplemented with (hemin 5 mg/mL, 

Vitamin K3 0.5 mg/mL, sheep blood) were used to assess the 

black-pigmented P. intermedia and P.  gingivalis, respectively; 

and 3) Wolinella agar (trypticase soy agar, vancomycin 9 mg/

mL, ferrous sulfate 0.2 g/L, sodium thiosulphate 0.3 g/L, 

sodium fumarate 3 g/L, sodium formate 2 g/L) was used for 

the isolation of C. rectus.22 

MSA was used to identify aerobic species such as Staphy-

lococcus aureus and S.epidermidis. Yeast cells Candida albi-

cans were identified by SDA. Species of Enterobacteriaceae 

family were identified on MacConkey agar and depending 

on the following tests: Gram stain, citrate test, motility test, 

urease test, indole test, oxidase test, catalase test, and triple 

sugar iron (TSI) agar. Mitis Salivarius Agar with 1% potas-

sium tellurite was used to detect oral viridans streptococci, 

which consists of Streptococcus mutans, S. salivarius, and 

S. mitis.

For the determination of total aerobic and anaerobic 

bacteria counts for each microbial species, CFUs/mL were 

recorded for each plate by using the CFU enumeration assay. 

Bacteria were grown on Columbia blood agar under: 1) aero-

bic condition: 35°C ± 2°C for 18–72 hours under appropriate 

atmospheric conditions; and 2) anaerobic condition: 37°C for 

7–10 days by using AnaeroGen 2.5 L sachets.

Statistical analysis
Statistical analyses were conducted using SPSS software 

(version 17). Comparison of frequency of bacteria and patho-

gens between waterpipe smokers and control groups was 

Table 1 Culture media used in the current study

Culture media Identified microorganisms Additional identification procedures

CBA Aerobic and anaerobic None
CVE Fusobacterium nucleatum Distinct colonial morphology of F. nucleatum on CVE agar
KVLB-2 The black-pigmented Prevotella intermedia Characteristic colonial growth and morphology, special-potency antibiotic 

disks, 
MacConkey agar Enterobacteriaceae Gram stain, citrate test, motility test, urease test, indole test, oxidase test, 

catalase test, and TSI agar
MSA Staphylococcus aureus and Staphylococcus 

epidermidis
Colony morphology and colors

Mitis Salivarius agar Oral viridans streptococci Colony morphology and colors
SDA Candida albicans Colony morphology and colors
Tryptic soy agar Porphyromonas gingivalis Colony morphology, biochemical tests, fluorescence test

Abbreviations: CBA, Columbia blood agar; CVE, crystal violet erythromycin; KVLB, kanamycin–vancomycin laked blood; MSA, mannitol salt agar; SDA, Sabouraud dextrose 
agar; TSI, triple sugar iron.
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conducted using the Mann–Whitney U-test (as data were not 

normally distributed), and chi-square test. CFU values were 

expressed as mean ± standard error of the mean (SEM) and 

were compared between different groups using the Mann–

Whitney U-test (as data was also not normally distributed). 

Significant differences were examined at p < 0.05. Power 

analysis was carried out using G power version 3.0.10 (Franz 

Faul, Universtat Kiel, Germany). Sample size analysis was 

performed at 80% and 5% α-level of significance. 

Results
The characteristics of study participants are shown in Table 2. 

The mean age of the waterpipe group was 23.98 ± 2.77 years 

versus 24.14 ± 4.37 years in the control group (p = 0.8). Males 

represented 74.5% of the waterpipe group and 65.9% of the 

control group. The average smoke sessions in waterpipe group 

per week were 4.98 ± 2.12. It was notable that waterpipe smok-

ers were significantly associated with a history of oral infections 

(p = 0.01). Table 3 shows the distribution of bacterial species 

isolated from subgingiva of participants. The most abundant 

bacteria from examined species were viridans streptococci, C. 

rectus and F. nucleatum in waterpipe users (range 84%–94%) 

and in non-smokers (range: 85%–97%). Acinetobacter and 

Moraxella species were present only in waterpipe smokers with 

a frequency of 5.1% and a mean of 31.7. The frequency of F. 

nucleatum was significantly lower in subgingiva of waterpipe 

smokers (p = 0.036, Figure 2A) while the frequency of C. 

albicans was higher in waterpipe smokers (p = 0.023, Figure 

2B). Finally, the profile of the remaining examined bacteria 

was similar between the two groups (p > 0.05). 

Table 4 shows the distribution of bacterial species iso-

lated from the oral cavity of participants. The most abundant 

Table 2 Characteristics of participants

Characteristics Waterpipe group Control group p-value

Age, years (mean ± SD) 23.98 ± 2.77 24.14 ± 4.37 0.8 (using Mann–Whitney U-test)
Age range, years 19–32 19–35
Gender 

Male
Female

44 (74.5%)
15 (25.5%)

27 (65.9%)
14 (34.1%)

0.4 (using c2 test)

History of oral infection
Yes
No

38 (64.4%)
21 (35.6%)

16 (39.0%)
25 (61.0%)

0.01 (using c2 test)

Waterpipe use: sessions per week (mean ± SD) 4.98 ± 2.12 –
Duration of WP session, minutes

Less than 30 
30–60 
61–90 
More than 90 

12 (20.3%)
29 (49.2%)
15 (25.4%)
3 (5.1%)

–

Age of initiation, years
Less than 14
15–17
18–21
More than 21

3 (5.1%)
14 (23.7%)
30 (50.9%)
12 (20.3%)

–

Abbreviations: SD, standard deviation; WP, waterpipe.

Table 3 Frequency and CFUs of isolates of detected microorganisms from subgingival plaque of participants

Microorganisms (oral) Waterpipe
frequency,
N (%)

Controls
frequency,
N (%)

p-value,  
X2 test

Waterpipe
CFU,
mean ± SD

Controls
CFU,
mean ± SD

Mann–
Whitney 
U-test p-value

Fusobacterium nucleatum 50 (84.7) 36 (97.6) 0.036 3.9±8.9 3.1±7.6 0.49
Black-pigmented bacteria 43 (68.3) 29 (78.4) 0.31 3.3±3.6 11.0±31.9 0.69
Campylobacter spp. 52 (88.1) 38 (92.7) 0.52 5.16±26.8 83.6±209.2 0.33
Viridans group streptococci 55 (93.2) 35 (85.4) 0.20 99.7±320.9 130.1±408 0.58
Acinetobacter and Moraxella 3 (5.1) 0 (0) 0.14 31.7±38.8 0 –
Enterobacteriaceae 7 (11.9) 3 (7.35) 0.456 0.02±0.03 0.03±0.02 0.25
Staphylococcus aureus 2 (3.4) 4 (9.8) 0.19 0.01±0.02 0.01±0.01 0.10
Yeast (Candida albicans) 10 (16.9) 1 (2.45) 0.023 0.1±0.4 0.01±0.0 0.63

Abbreviations: CFU, colony-forming units; SD, standard deviation.
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bacteria from examined species were viridans streptococci, 

Campylobacter spp. F. nucleatum and black-pigmented bacte-

ria in waterpipe users (range 94%–100%) and in non-smokers 

(range: 92%–96%). From these abundant bacteria, the mean of 

CFUs of black-pigmented bacteria was significantly lower (p 

= 0.001, Figure 3) in waterpipe smokers. Finally, no significant 

variations were detected in the distribution or mean of the 

rest of examined bacteria between the two groups (p > 0.05). 

Discussion
The popularity of waterpipe smoking is growing in the 

Eastern Mediterranean and throughout the world, including 

the USA and other Western countries, especially among 

youth.23 This spread is due, in part, to the use of tobacco 

that is sweetened and flavored24 and the misperception that 

the waterpipe “filters” the smoke, rendering it less harmful 

and less dependent than cigarette smoke.25 While prevalence 

increases, science lags behind: little is known about harmful 

effects of the waterpipe on different body organs and whether 

or not it causes dependence. 

The current study was performed to investigate the effect 

of waterpipe tobacco smoking (WTS) on oral and subgingival 

microbial flora. Variations were shown in the microbial profile 

of waterpipe smokers as compared to that of non-smokers, 

with significant differences in the prevalence and abundance 

of health-compatible organisms. 

The limited information concerning the waterpipe effects 

on health could represent a major reason for its massive 

spread globally.26 It has been reported that waterpipe smok-

ers inhale similar toxicants to that of cigarettes smoking4 

including polycyclic aromatic hydrocarbons,6 carbon mon-

oxide, heavy metals, and aldehydes.5 In addition, WTS has 

been shown to increase DNA damage in the lymphocytes 

and buccal mucosa cells of the users.27 Lately, waterpipe 

tobacco smoking was reported to interfere with respiratory 

Figure 2 Frequency of some microbes in the waterpipe smokers isolated from the 
subgingiva of participants. Significant changes in the frequency of (A) Fusobacerium 
nucleatum and (B) Candida albicans in the subgingiva of participants. *Indicates 
significant changes (p < 0.05) using the chi-square test.
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Table 4. Frequency and CFUs of isolates of detected microorganisms from oral cavity of participants

Microorganisms (oral) Waterpipe
frequency, 
N (%)

Controls
frequency,
N (%)

p-value, 
X2 test

Waterpipe
CFU,
mean ± SD

Controls
CFU,
mean ± SD

Mann–
Whitney 
U-test p-value

Fusobacterium nucleatum 55 (93.2) 40 (97.6) 0.327 0.42 ± 0.43 6.44 ± 36.4 0.20
Black-pigmented bacteria 40 (63.5) 18 (48.7) 0.15 1.4 ± 0.7 0.05 ± 0.04 0.001
Campylobacter spp. 57 (96.1) 38 (92.7) 0.38 0.60 ± 0.74 0.72 ± 0.74 0.38
Viridans group streptococci 59 (100) 39 (95.1) 0.087 37.6 ± 30.4 36.9 ± 39.0 0.69
Acinetobacter and Moraxella 4 (6.8) 4 (9.8) 0.59 0.26 ± 0.30 0.13 ± 0.25 0.49
Enterobacteriaceae 15 (25.4) 4 (9.8) 0.50 0.01 ± 0.01 0.05 ± 0.08 0.06
Staphylococcus aureus 5 (8.5) 4 (9.8) 0.83 0.01 ± 0.01 0.01 ± 0.01 0.29
Yeast (Candida albicans) 6 (10.2) 6 (14.6) 0.50 0.01 ± 0.01 0.01 ± 0.02 0.31

Note: Significant p-value <0.05 is shown in bold.
Abbreviations: CFU, colony-forming units; SD, standard deviation.

Figure 3 Frequency of some microbes in the waterpipe smokers isolated from 
the oral cavity of the participants. Significant changes in the frequency of black-
pigmented bacteria. *Indicates significant changes (p < 0.05) using the chi-square 
test.
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and vascular functions,28 and to enhance oral diseases.13 The 

results reported in the current study showing changes in oral 

microflora are in accordance with the above findings. This is 

particularly true because most of the bacteria that appeared 

or were enhanced among waterpipe smokers, can be patho-

genic to human.29,30

Current results indicated the appearance of Acinetobacter 

and Moraxella species in subgingiva of waterpipe smok-

ers. Both of these bacterial species are a common cause of 

human respiratory diseases. For example, a common Aci-

netobacter species is Acinetobacter baumannii, which can 

cause community-acquired pneumonia.29,31 Another common 

Moraxella species is Moraxella catarrhalis, which causes 

upper and lower respiratory infections, sinusitis and otitis 

media in susceptible humans.32,33 Notably, for both former 

mentioned species, tobacco consumption is a listed risk fac-

tor for infections.29

The results of this study showed increased frequency 

of C. albicans in the subgingiva of waterpipe smokers. 

C.  albicans is a part of the normal oral microflora;34 however, 

any increase in its number will lead to oral Candida infection, 

which is known as oral thrush.30 In fact, it has been reported 

that cigarette smoking increases the incidence of Candida 

infections in healthy humans.35 Additionally, it was shown 

that exposure to tobacco smoke enhances the virulence of 

C. albicans.36

In this study, black-pigmented bacteria such as P. gingiva-

lis and P. intermedia had higher CFUs in isolates from the oral 

cavity of waterpipe smokers. These species are common in 

the oral cavity and are associated with periodontitis.37 Another 

bacterial species that was reduced in the gingival flora of 

waterpipe smokers was F. nucleateum, which is associated 

with limited pathogenesis.38 In fact, F. nucleatum is one of the 

most abundant anaerobic species in the oral cavity, in both 

diseased and healthy individuals. It may normally present in 

the healthy human oral cavity or considered as periodontal 

pathogenic. F. nucleatum proportions may be higher in cur-

rent cigarette smokers.39 However, in a study from Jordan, 

F. nucleatum was less prevalent among cigarettes smokers.40 

Notably, toxicant profile of waterpipe smoke has been shown 

to be different from that of cigarette smoke in terms of quan-

tity and types. This could explain such variations observed in 

the current study as compared to cigarette literature.

Cigarettes smoking was also found to cause alteration in 

subgingival and oral bacterial profiles.41 For example, peri-

odontitis in smokers is associated with greater depletion of 

beneficial bacteria such as Veillonella, Neisseria, and Strepto-

coccus species. On the other hand, the abundance of harmful 

bacteria such as Parvimonas, Campylobacter, Treponema, 

Fusobacterium, and Bacteroides was greatly enhanced in 

smokers.41,42 Only a few studies assessed the effect of WTS 

on periodontal disease using different outcome measure-

ment such as periodontal bone height loss, plaque index, 

and gingivitis showing a statistically significant association 

of periodontal disease with WTS.43 This is in support of the 

findings of the current study.

It is worth mentioning that the waterpipe group showed 

significantly higher history of oral infection than the control 

group. This is expected as a previous study showed the 

presence of a spectrum of pathogenic bacteria in the hoses 

of waterpipe smokers.44 In addition, waterpipe smoking has 

been shown to be associated with periodontal disease,45 and 

oral cancer.46 Moreover, cigarette smoking has also been 

shown to be associated with oral infection.47 Since the 

sample of the current study was random, the higher history 

of oral infection in the waterpipe group supported the imbal-

ance in microbial flora induced by this type of smoking. 

Public health policy specific to WTS is lacking in many 

countries.48,49 For example, in Jordan legislation requires 

health warnings on all tobacco products, but these warnings 

appear on cigarette packs only and not on WTS tobacco or 

waterpipes. The same is true in the US, where WTS is not 

yet regulated nationally. The current study highlights the 

importance of adopting strong policy regarding waterpipes. 

The knowledge presented in this study might also be used in 

interventions that target this type of smoking. 

One of the limitations of the study was that a good 

fraction of oral microflora is uncultivable, and cultural tech-

niques cannot differentiate between close bacteria such as 

Campylobacter spp., the use of other cultivation-independent 

approaches such as DNA hybridization, q-PCR, and 16S 

rRNA gene sequencing would be valuable in future investi-

gations. Finally, it is recommended in future investigations 

to associate altered pathogens by waterpipe smoking with 

oral diseases by examining their resistance to commonly 

used antibiotics. 

Conclusion
The study provided preliminary evidence for the effect of 

waterpipe smoking on oral microbiota.
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