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Abstract

Objective: Over the last decade, there has been a rapid expansion of the trendy water pipe smoking around the
world especially among younger adults. The initial objective of this study was to identify the microbiota of the
shisha, which may either be of no harm for the smoker or enhance the threat on his well-being. The total DNA for the
metagenomics study was conducted on three different shishas from three different delivery shops in Jounieh, Leba-
non. The microbiota in two solid parts of the shisha, shaft and hose, were analysed including the fresh tobacco and
the water in the bowl. All samples were analysed using high-throughput sequencing of 16S rRNA gene amplicons.

Results: Overall, more than 40 bacterial genera were found in the three investigated shishas, some are commensal
others are pathogenic. All three shishas showed similar microbial content regarding the bacteria inhabiting in water,
shaft, or hose. From the results of this study it appears that a very large quantity of bacteria was found in the water
pipes, some are harmful and others beneficial. We assume that the presence of gut dependent microbiota is related
to the loose hygienic conditions in which the shisha is prepared.
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Introduction

Water pipe smoking, known as shisha, hookah, nargileh,
argileh or “Hubbly-bubbly” depending on the country,
is a trendy form of tobacco smoking spreading widely
around the world, which has gained enormous popular-
ity, especially in the Middle-East among college and uni-
versity students [1-3].

Shisha has recently grown to become desired in low-
income as well as high-income countries, despite the
well-known impact of tobacco on the smoker’s health [4].

Water pipe smoking is a process that uses a specific
device with different components: the head, the body and
the bowl. The head contains tobacco, covered with alu-
minium foil where coal is placed. The body consists of a
shaft that connects the head to the bowl filled with water.
A hose is attached to the bowl connecting the smoker to
the whole system [5].
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According to the World Health Organization (WHO)
(2005), in the bottom of the head of the water pipe there
are small holes through which smoke passes into the
body’s central gasket. The smoke that is puffed by the
smoker is passed down from the tube and then through
the jar of water before it is inhaled by the smoker.

A common misconception that might be lurking
around is that the water filters the inhaled air, which
makes consumers believe it’s healthier than cigarette
smoking [6]. In fact, even with the same concentration of
nicotine in cigarettes and shisha, a shisha smoker is sub-
ject to higher threats because of the duration of exposure
to nicotine and other chemicals: a single shisha session
could last up to 2 h [5, 7].

Shisha smoking is also associated with cardiovascu-
lar diseases, hyperglycaemia as well as low antioxidant
capacity and vitamin C level [8].

The purpose of this study is to identify the microbiota
in every part of the shisha. To our knowledge this is the
first time this analysis is done.
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Methods

Total DNA for the metagenomic study was extracted
from three different shishas. The later were delivered
three different shisha delivery shops. We analyzed
the microbiota in four parts of the shisha was done as
follows:

1. The fresh tobacco (before heating it with charcoal) is
put in the head. The tobacco, the shaft, the hose and
the tip were rinsed with ultrapure sterile water and
were subjected for a DNA extraction.

2. The water in the bowl was directly collected in 50 ml
tubes for DNA extraction.

High-throughput sequencing of 16S rRNA gene
amplicons.

Water samples, collected from the 4 different parts
described above, were thawed on ice, suspended in
600 ml DNA stabilization buffer (Stratec Biomedi-
cal) and in 400 ml phenol/chloroform/isoamyl alcohol
(25:24:1 v/v Sigma-Aldrich). The containing cells were
mechanically lysed on ice with 500 mg glass beads
(0.1 mm Roth) by a bead-beater (MP Biomedicals).

After a subsequent heat treatment (8 min @ 95 °C)
and centrifugation (16,000 g; 5 min @ 4 °C), 150 ml
supernatant was incubated (20 min @ 37 °C) with 15 ml
ribonuclease (0.1 mg/ml; Amresco), and finally cen-
trifuged (550 g; 30 min @ room temperature). Zymo-
BIOMICS™ DNA Mini Kit (Zymo Research, USA) was
used to extract DNA according to the manufacturer
instructions. DNA concentration (260 nm) and purity
(260 nm/280 nm ratio) were evaluated in 1 pl solution
with the NanoDrop 1000 system (Thermo Fisher Sci-
entific). If not processed immediately, samples were
stored frozen at — 20 °C.

The preparation of amplicon libraries of was done fol-
lowing the method the 16S rRNA V3-V4 region and
sequencing was performed as described in detail previ-
ously [9]. Data were analysed as described previously [9].
Raw reads were processed with the “Integrated Microbial
Next Generation Sequencing” (IMNGS) pipeline (http://
www.imngs.org) [10] based on the UPARSE approach
[11].

Results

Results found more than 40 genera on the 3 shishas,
among those were commensal and pathogenic bacteria
(Fig. 1). The percentage of each bacterium found is calcu-
lated relatively to its location on the shishas studied. The
rates shown below show the highest amount of one genus
at a specific location in one of the three shishas. The part
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of the three shishas studied showed a strong clustering
(Fig. 2).

Bacteria found in shishas can be grouped into three
categories: pathogenic, aromatic compound degradators
and others, among which gut bacteria were found. Out
of all beneficial bacteria encountered, most abundant
were Novosphingobium (23.01% in shisha 3), Acidovorax
(21.62% in shisha 2), followed by Sphingomonadaceae
(41.74% in shisha 2), Sphingobium (2.71% in shisha 1),
Novosphingobium (2.40% in shisha 2).

On the other hand, among the pathogenic bacteria,
Flavobacterium was the most abundant (69% in shisha
1), Halomonas (2.3% in shisha 1), followed by Staphylo-
coccus (2.42% in shisha 2), then Pseudomonas (97.2% in
shisha 2), Bacteroides (0.36% in shisha 3).

Bacteria from the human gut microbiota were found in
shisha 3, such as Faecalibacterium (0.20%) and Lactoba-
cillus (0.01%), Barnesiella (0.14%). Faecalibacterium was
found in tobacco as well (0.018%).

Overall, all three shishas showed similar content
regarding the bacteria inhabiting the water, the shaft
and the hose, but each one had a dominance of a specific
genera.

Shisha 1 has a predominance of Flavobacterium with
39.94% in the water, 69.15% in the hose and 59.89% in the
shaft. On the other hand, shisha 2 shows high contamina-
tion with Sphingomonadaceae at the rate of 18.04% in the
water, 41.74% in the hose and 35.34% in the shaft. As for
shisha 3, the most abundant are Pseudomonas at 97.20%
in the water 26.22% in the hose and 95.63%. in the shaft.

Concerning the tobacco, Streptophyta invades the
whole compartment at a rate of 97%, with traces of
Staphylococcus and Pseudomonas along with other bacte-
rial minorities.

Discussion

It is well known that tobacco smoking in all its forms has
negative effects on the human health and wellbeing, but
shisha comes with different threats: water pipe smoking
is a pattern of smoking tobacco using a specific device
which provides some adequate conditions in terms of
humidity, temperature and light exposure to allow bacte-
rial proliferation, thus exposing the smoker to those bac-
teria. In addition, having different physical states allows a
larger spectrum of bacteria to live and multiply as proven
by the results. Among the bacteria found, some of them
belonged to environmental microbiota, others to soil and
water, and human microbiota as well.

Some of these are part of the natural microbial flora
of water and environmental air [12]. Natural water
microbiota includes Pseudomonas and Flavobacterium
which explains the high occurrence of these in most of
the shishas. But on the other hand, microbial flora in
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Fig. 1 Microbial results of the tests on the shishas and on the tobacco, pathogenic bacteria are depicted in bold and gut microbiota are underlined

the air is not constant [12]: air does not provide suit- transmitted to exposed individuals causing various infec-

able conditions for bacterial growth, thus bacteria can tions in the respiratory tract.

be introduced by any source of contamination and then Sphingomonadaceae is a family of 11 genera,
among those are Sphingobium, Sphingomonas and
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Fig. 2 Microbiota clustering of the three shisha samples and the control water
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Novosphingobium found in all 3 shishas at different
rates [13]. These genera are found in abundance in soil
or water, and are considered human pathogens, able to
induce infections on healthy smokers as well as immuno-
compromised individuals [13]. Pseudomonas is an organ-
ism encountered in the environment in soil and water,
and was found to be elevated in shisha 2. This bacterium
is only a threat for immunocompromised individuals
with milder consequences on healthy smokers [14].
Propionibacterium, Staphylococcus and Acinetobacter
are part of the skin microbiota. In specific environmen-
tal conditions, these are responsible for skin disease, of
which, acne [15]. The intestine and urinary system con-
tain Bacteroides, Lactobacillus, Staphylococcus, and
Pseudomonas. All these commensal bacteria are capable
of causing infections when their environment changes,
therefore their presence on the water pipes is considered
a threat to the smoker’s health. Pseudomonas invades

wounds and burns on a dermal level, and causes septi-
caemia and lung infections by invading the respiratory
system [16]. Staphylococcus is a bacterium of the human
dermal flora, and is found as well in water [17]. Staphy-
lococcus can cause health threats by multiplication in
the tissues where it produces toxins and enzymes. Such
events may lead to pneumonia as well as several other
diseases [15]. Less abundant bacteria, like Clostridium
and Bacteroides are also responsible of some infections
and diseases because of their pathogenicity [12]. Along
with these pathogens, some others contribute to enhance
the shisha’s environment.

Tobacco smoke produces several kinds of xenobiot-
ics released in the air [18]. By definition; xenobiotics are
foreign chemicals unrecognizable by the human body,
which become toxic at high concentrations. Many of the
bacteria found in the shishas, such as Novosphingobium,
Sphingomonas, Acidovorax and Methylobacterium are
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considered biodegradators of xenobiotics improving the
quality of the air to which the smoker is exposed to [13,
19].

Methylobacterium can disrupt low molecular weight
hydrocarbons including isoprene found in the smoke
resulting from shisha. Isoprene is a carcinogenic mole-
cule that can create dermal damage as well as respiratory
diseases [20].

Novosphingobium and Sphingomonas present opposite
aspects, although pathogenic bacteria, they have a role in
biodegradation of environmental contaminants.

Conclusion

Our results showed that a large spectrum of bacte-
ria could be identified on any device used in water pipe
smoking. Some were found to be part of the harmful
bacteria whereas others were found to be related to the
beneficial ones where some are harmful and others ben-
eficial. The difference in the rate depends on the hygienic
conditions in which the shisha is prepared limiting the
contamination rate, and reducing health threats that are
added to the original threats of smoking tobacco. The
presence of human gut or soil microbes inside the shisha
alerted us on the fact that hygienic procedures similar to
food preparation should be applied to shisha prepara-
tions. This includes washing hands regularly and more
frequently. It is recommended to use a plastic hose, to
perform a regular intensive cleaning using hot water, and
time to time full decontamination could limit the spread-
ing of such microbes.

Limitations

We acknowledge that the small number of shishas is a
limitation for our study. But this is a pilot study that will
help future scientist study the microbiota environment
in shisha. We acknowledge that our study is shedding
the light on a dark yet very interesting point towards the
understanding of the health impact of the shisha smok-
ing. Many bacteria that we found are still unknown and
future studies will help understanding the responsibility
of microbiota in shisha.
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