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Abstract:

The use of hookah (shisha) and electronic cigarettes (e-cigarettes) has witnessed significant growth
worldwide, with an alarming increase in prevalence in the Arab world. Hookah smoking, in
particular, has deep cultural roots in the Middle East, North Africa, and parts of Asia, while e-
cigarettes, marketed as a safer alternative to conventional smoking, have rapidly gained popularity
across these regions. Despite widespread perceptions of these alternatives as less harmful than
traditional cigarettes, both pose distinct public health risks, particularly concerning infectious
diseases and microbial contamination.

The aim of our stady was to isolate, identify, and highlight the various microorganisms that can be
encountered following the use of traditional shisha or electronic cigarettes, and thus gain a clear
understanding of the infectious risk we face. To achieve this, several culture media (standard and
selective) were used to isolate as many strains as possible from each sample. Identification was
performed using chromagar orientation and API gallery to identify bacteria. For fungi, we used both
macroscopic and microscopic identification.

From a microbiological standpoint, both hookah and e-cigarettes present unique risks, primarily
related to the potential transmission of harmful microorganisms. Our study showed that the used
hookah smoking are not sterile environments. The shared use of the mouthpiece increases the risk
of cross-contamination, especially with bacterial and viral pathogens. An important number of
pathogen bacteria was isolated from traditional and E-ciragettes in our stady : S. aureus, S.
epidermidis, E. coli, K. pneumoniae, Citrobacter sp., Enterobacter sp., Serratia marcescens,
Streprococcus agalactiae, Proteus sp., Salmonella sp..

Several fungi were also isolated such as, Candida albicans, Rhodotorula sp., Aspergillus niger,
Penicillium sp., Fusarium sp., Cladosporium sp., Alternaria sp., Trichoderma sp.

These various bacterial and fungal species are known to cause different types of infections,
including respiratory tract infections, oral lesions, and candidiasis, with varying degrees of severity.
In this context, the use of a filter is essential to prevent cross-contamination between users, thereby

reducing the risk of microorganism transmission.



In our study, only one tea lounge provides filters to its customers. This lack of precaution in other
establishments reflects an irresponsible attitude, exposing consumers to a significant public health
risk especially in light of the growing spread of antibiotic-resistant strains.

Key words : Bacteria, E-cigarettes, Filter, Fungi, Hookah, Respiratory infections

Résumé

L'utilisation de la chicha (narguilé) et des cigarettes électroniques connait une croissance
significative a travers le monde, avec une augmentation particuliérement alarmante dans le monde
arabe. La chicha, en particulier, posséde des racines culturelles profondes au Moyen-Orient, en
Afrique du Nord et dans certaines régions d’Asie, tandis que les cigarettes électroniques,
commercialisées comme une alternative plus sire au tabac traditionnel, ont rapidement gagné en
popularité dans ces régions. Malgré une perception largement répandue selon laquelle ces
alternatives seraient moins nocives que les cigarettes classiques, elles présentent toutes deux des
risques sanitaires distincts, notamment en matiére de maladies infectieuses et de contamination
microbienne.

Notre étude avait pour objectif d'isoler, d'identifier et de mettre en évidence les différents
microorganismes pouvant étre rencontrés suite a l'utilisation de chicha traditionnelle ou de
cigarettes ¢lectroniques, afin de mieux comprendre les risques infectieux encourus. Pour cela,
plusieurs milieux de culture (standards et sélectifs) ont été utilisés afin d’isoler un maximum de
souches a partir de chaque échantillon. L’identification bactérienne a été réalisée a I’aide du
Chromagar Orientation et de la galerie APL. Pour les champignons, une identification
macroscopique et microscopique a été effectuée.

D’un point de vue microbiologique, la chicha et les cigarettes électroniques présentent des risques
spécifiques, liés principalement a la transmission potentielle de microorganismes pathogénes. Notre
¢tude a montré que les dispositifs de chicha ne sont pas des environnements stériles. Le partage de
I’embout buccal augmente le risque de contamination croisée, en particulier par des agents
pathogenes bactériens et viraux. Un nombre important de bactéries pathogenes a été isol¢ dans notre
étude : Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Klebsiella
pneumoniae, Citrobacter sp., Enterobacter sp., Serratia marcescens, Streptococcus agalactiae,
Proteus sp., Salmonella sp.

Plusieurs champignons ont également été isolés, tels que Candida albicans, Rhodotorula sp.,

Aspergillus niger, Penicillium sp., Fusarium sp., Cladosporium sp., Alternaria sp., Trichoderma sp.



Ces différentes especes bactériennes et fongiques sont connues pour étre responsables de divers
types d'infections, notamment des infections respiratoires, des 1€sions buccales et des candidoses,

avec des degrés de gravité variables.

Dans ce contexte, 1’utilisation d’un filtre est essentielle pour éviter la contamination croisée entre
les utilisateurs et réduire le risque de transmission des microorganismes.

Dans notre étude, seul un salon de thé fournissait des filtres a ses clients. Le manque de précaution
dans les autres établissements refléte une attitude irresponsable, exposant les consommateurs a un
risque sanitaire important, notamment face a la propagation croissante des souches résistantes aux

antibiotiques.

Mots-clés : Bactéries, Cigarettes ¢électroniques, Filtre, Champignons, Chicha, Infections

respiratoires
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Introduction

The hookah, also known as shisha or waterpipe, has a rich and complex history that spans over 500
years. Originating in India and Persia (modern-day Iran) in the 16th century, the hookah was
initially used by nobility and intellectuals as a symbol of wealth and status.

The device was designed to filter tobacco smoke through water, which was believed to purify the
smoke and make it less harsh on the lungs. The hookah quickly gained popularity among the upper
classes, and its use spread throughout the Middle East, North Africa, and Asia.

Over time, the hookah became an integral part of social gatherings and cultural events, particularly
in countries such as Egypt, Turkey, and Morocco. The device was often decorated with intricate

designs and ornaments, reflecting the craftsmanship and artistry of the region (Maziak et al., 2025).

Tobacco consumption continues to take many forms worldwide, with hookahs and electronic
cigarettes (e-cigarettes) representing two widely used alternatives to conventional smoking. While
often perceived as safer, both devices have been implicated in the transmission of bacterial
pathogens hookahs through shared mouthpieces and contaminated water pipes, and e-cigarettes
through contaminated e-liquids and impaired host defenses (Martinasek et al., 2018).

Hookah-associated bacterial transmission arises mainly from the communal use of hoses and
mouthpieces. Microbiological surveys of hookah equipment have revealed a diverse array of
bacteria, including Mycobacterium tuberculosis, Helicobacter pylori, Aspergillus spp., and
antibiotic-resistant strains of Staphylococcus and Pseudomonas localized in the apparatus and
tobacco itself (Martinasek et al.,2018; AKl et al.,2010). For instance, outbreaks of tuberculosis
have been traced to shared hookah use, confirming waterpipe smoking as a viable route for

infection transmission (Munckhof et al., 2003).

Moreover, emerging metagenomic analyses highlight that hookah tobaccos harbor opportunistic
pathogens such as Bacillus cereus and Propionibacterium acnes, both implicated in respiratory and
pleural infections (Sapkota et al.,2022). These findings support concerns that waterpipe use may
facilitate bacterial transmission via shared equipment and contaminated tobacco substrates

(Sapkota et al., 2022).

Although e-cigarettes do not involve combustion, they present distinct microbiological hazards. A
study analyzing 75 popular e-cigarette products found endotoxins (27%) and fungal glucans (81%),
identified in both flavorings and cartridge materials, typically originating from contaminated cotton
wicks or e-liquid components (Harvard T.H. Chan School of Public Health, 2019). Immunological

investigations reveal that e-cigarette aerosols can suppress innate immune functions: neutrophils




Introduction

exhibit impaired chemotaxis (4.2-fold), reduced ROS production (48%), and decreased NET
formation, leading to diminished clearance of bacteria like Pseudomonas aeruginosa and increased
bacterial burden in lungs in animal models (Corriden et al., 2019). Similarly, respiratory epithelial
cells exposed to vapor show reduced antimicrobial peptide production, facilitating biofilm
formation and virulence in pathogens like Staphylococcus aureus (Pushalkar et al.,2022). These
immunomodulatory effects make e-cigarette users more susceptible to respiratory and systemic

bacterial infections.

E-cigarette aerosol inhalation significantly alters the oral microbiota, shifting it toward a more
pathogenic profile. Users exhibit increased dental plaque, elevated colonization by Porphyromonas
gingivalis and Fusobacterium nucleatum, and heightened presence of S. aureus, associated with

periodontitis (Gilpin et al., 2019).
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CHAPTER 01 : RESPIRATORY INFECTIONS AND THE ROLE OF
HOOKAH-RELATED MICROORGANISMS




Chapter 1 Respiratory infections and the role of Hookah-Related Microorganisms

Respiratory infections remain a major global health burden, contributing to significant morbidity
and mortality across diverse populations. These infections range from mild illnesses, such as the
common cold, to severe conditions like pneumonia and tuberculosis. Risk factors include
environmental exposures, immunological status, and behavioral practices such as smoking (U.S.
Department of Health and Human Services, 2014). Among smoking-related behaviors, waterpipe
tobacco smoking (WTS) use has gained popularity,particularly among young adults, who often
perceive it as less harmful and addictive compared to traditional cigarette smoking, a misconception
reinforced by social norms and the lack of immediate negative health experiences (Salles and al.,
2023)."

, However, emerging evidence suggests that hookah smoking not only exacerbates respiratory
infections by impairing lung function and immune defenses but also facilitates microbial
transmission due to its communal nature and inadequate hygiene practices (Akl et al., 2010;

Bhatnagar et al., 2019).

Hookah smoking involves inhaling flavored tobacco smoke filtered through a water basin, a
practice historically rooted in Middle Eastern and South Asian cultures (Patel et al., 2019). Despite
its social appeal, hookah smoke contains harmful substances, including nicotine, carbon monoxide,
heavy metals, and carcinogenic compounds like polycyclic aromatic hydrocarbons, which damage
the respiratory epithelium and increase infection susceptibility (Shihadeh et al., 2015; El-Zaatari et
al., 2015). Additionally, The warm and humid conditions inside waterpipe hoses create an ideal
environment for microbial biofilm development, facilitating the persistence and spread of
pathogenic bacteria and fungi. This biofilm formation not only enhances the survival of harmful
microorganisms but also increases the risk of their transmission to users, contributing to oral
dysbiosis and potential systemic health complications (Senaratne et al, 2023)." Shared
mouthpieces further facilitate the spread of respiratory viruses, including influenza and SARS-CoV-

2, particularly in social smoking settings (World Health Organization [WHO], 2021).

1. Respiratory System :

1.1. Definition :

The respiratory system is a biological system responsible for gas exchange, enabling the intake of
oxygen (O2) and the expulsion of carbon dioxide (CO-). It ensures the delivery of oxygen to tissues
and the removal of metabolic waste, which is critical for cellular respiration and homeostasis

(Lopez et Martinson, 2017).




Chapter 1 Respiratory infections and the role of Hookah-Related Microorganisms

2. Anatomy of the Respiratory System :
The respiratory system consists of the upper and lower respiratory tracts (Lopez & Martinson,
2017) (Figure 01) :
2.1. Upper Respiratory Tract (URT) :
¢ Nose and Nasal Cavity: Filters, warms, and humidifies inhaled air.
< Pharynx: A shared pathway for air and food.
< Larynx: Contains vocal cords and prevents food entry into the trachea.
2.2. Lower Respiratory Tract (LRT) :
% Trachea: A cartilaginous tube conducting air to the bronchi.
< Bronchi and Bronchioles: Branching airways that distribute air to the lungs.
% Lungs: Paired organs where gas exchange occurs in the alveoli.
% Alveoli: Tiny sacs surrounded by capillaries, facilitating O and CO: exchange.

The system also includes accessory structures like the pleurae (protective membranes around the

lungs) and the diaphragm (a muscle aiding inhalation and exhalation).
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Sphenoidal sinus—___ /
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e
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Pharynx—"
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Figure 01: Respiratory System
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3 Respiratory infection :

3.1 Definition :

Respiratory infections are diseases affecting the LRT  or URT, caused by pathogenic
microorganisms such as bacteria, viruses, or fungi. These infections can range from mild illnesses
like the common cold to severe conditions such as pneumonia and tuberculosis. The respiratory
system’s exposure to environmental pollutants, including tobacco smoke, increases susceptibility to
infections by compromising immune defenses and damaging mucosal barriers (Bahtouee et al.,

2017).

3.2. Common Pathogens in Respiratory Infections :
Respiratory infections are caused by various pathogens, including bacteria, viruses, and fungi.
Some of the most common microorganisms associated with respiratory diseases include:

¢ Bacterial Pathogens :
- Streptococcus pneumoniae: a leading cause of community-acquired pneumonia (Bahtouee et al.,
2017; Weiser et al., 2018).
- Mycobacterium tuberculosis : The causative agent of tuberculosis (TB), transmitted via airborne
droplets (Chaouachi, 2009; WHO, 2022).

- Pseudomonas aeruginosa:. An opportunistic pathogen linked to chronic lung infections

(Bahtouee et al., 2017 ; Lyczak et al., 2000).

% Fungal Pathogens :
- Aspergillus spp. : Opportunistic fungi causing aspergillosis, particularly in immunocompromised
individuals and hookah users due to contaminated water reservoirs and shared mouthpieces (Patel

et al., 2019; Qasim et al., 2019).

¢+ Viral Pathogens :
- Influenza virus : Causes seasonal epidemics and severe respiratory complications (Bahtouee et
al., 2017; Iuliano et al., 2018).
- Respiratory syncytial virus (RSV) : Predominantly affects children and immunocompromised

individuals (Shi et al., 2017).
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3.3. Modes of Transmission :

- Airborne droplets : Expelled through coughing or sneezing (e.g., TB, influenza) (Tellier, 2009).

- Direct contact: Via contaminated hands or shared hookah mouthpieces (Al-Nour Gassim et al.,

2023).

Respiratory infections and the role of Hookah-Related Microorganisms

- Fomites: Pathogens persist on hookah components (Ancigil et Arbag, 2018).
3.4. Risk Factors (Table 01):

- Immunocompromised states: HIV/AIDS, diabetes (Fishman, 2007).

- Smoking: Impairs mucociliary clearance (Arcavi et Benowitz, 2004).

Table 1: Common Respiratory Pathogens and Their_Characteristics (Patel et al., (2019);

Qasim et al.,(2019).

Pathogen Type Transmission | Associated Risk Factors
Route Diseases
Streptococcus | Bacterium Airborne Pneumonia, Smoking,
pneumoniae droplets, sinusitis immunocompromised
4. direct contact
Mpycobacterium | Bacterium Airborne Tuberculosis Crowded
tuberculosis droplets (TB) environments,
smoking
Influenza virus virus Airborne Influenza, Seasonal exposure,
droplets, pneumonia smoking
fomites
Pseudomonas | Bacterium Direct Pneumonia, | Chronic lung disease,
aeruginosa contact, bronchitis smoking
fomites
Aspergillus Fungus Airborne Aspergillosis | Immunocompromised,
spp. spores hookah use
[ ¢)




Chapter 1 Respiratory infections and the role of Hookah-Related Microorganisms

4.Microbial Contamination in Hookah :
Hookah devices provide multiple niches for microbial colonization due to their complex structure,
moist environment, and frequent use without proper sterilization. The microorganisms colonizing
these devices are not merely commensals; many are opportunistic pathogens capable of causing
respiratory and systemic infections (Altindis et a/., 2020).
4.1. Sources of Microorganisms in Hookah Devices :
¢ Mouthpieces and Hoses : the interior and exterior surfaces of fixed mouthpieces
and hoses are heavily contaminated with bacteria from users' oral flora and hands.
Common isolates:
o Staphylococcus aureus (including MRSA), coagulase-negative staphylococci
(CNS), Streptococcus spp., Enterococcus spp. (Altindis et al., 2020; Shakhatreh et
al., 2018).
o Staphylococcus pasteuri, Bacillus cereus, Microbacterium
paraoxydans (Martinasek et al., 2018).
= Contamination rates:
o 69-100% in mouthpieces (Safizadeh et al., 2014; Martinasek et al., 2018).
o 57.7-74.2% in hoses (Altindis et al., 2020).

+ Water Bowls
The water reservoir, often unchanged between sessions, harbors Gram-negative
bacteria and biofilms.
Common pathogens :
o Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa (Altindis et al.,
2020; Aljadani et al., 2020).
o Enterobacter cloacae, Flavobacterium spp. (Alaidarous et al., 2017).

Contamination rates: 23.1-86% (Altindis et al., 2020 ; Alaidarous et al., 2017).

% Tobacco and Charcoal :
e Flavored tobacco mixtures and charcoal may introduce fungal

contaminants (Candida albicans) and bacteria (Shakhatreh et al., 2018).

e Moist tobacco (maassel) supports microbial growth (Alqumber, 2021)
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1. Traditional hookah :

Hookah smoking, often perceived as a social and less harmful alternative to cigarettes, poses
significant health risks according to the Centers for Disease Control and Prevention (CDC, 2025).
Despite the water filtration system, hookah smoke contains numerous toxic substances, including

nicotine, carbon monoxide, heavy metals, and carcinogens (Cleveland Clinic, 2024).

A single hookah session can expose users to a volume of smoke equivalent to smoking multiple
cigarettes, exacerbating the potential for health complications. To understand the risks, it is

essential to distinguish between hookah, vaping and cigarettes (REF).

2. Comparison of Hookah, Cigarettes, and Vaping:
2.1. Hookah ( Traditional hookah) :
o Composition: Flavored tobacco (shisha) mixed with molasses, honey, or fruit pulp.
e Mechanism: Hot coals heat the shisha, producing smoke that passes through water before
inhalation (Figure 1).
e Health Risks: High exposure to toxins, including nicotine, carbon monoxide, and

carcinogens. An hour of hookah smoking can equal 100 cigarettes (Cleveland Clinic, 2024).
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Figure 02: Traditional hookah

2.2. Vaping (Electronic Cigarettes):
o Composition: Liquids containing nicotine, flavorings, and other chemicals.
e Mechanism: Heating the liquid to create an aerosol for inhalation (Figure 2).
o Health Risks: Lung injuries, nicotine addiction, and environmental pollution from device

waste (Cleveland Clinic, 2024).

1. Refillable Vape Pod

2 Refillable Pod

5 Refillable Pod

4 Prefilled Pod

5 Disposable E Clg

G Cartridge E-Cig
7.Refillable Cartomezer
5 Refillable Cartomizer
9 Bax Vape Mo

10.Box VapeMod

11 Tube Vape Mod

Figure 03: Vaping (Electronic Cigarettes)
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2.3. Cigarettes:

e Composition : Rolled paper filled with tobacco and additives (Figure 3).

e Mechanism : Burning tobacco to produce smoke for inhalation.

e Health Risks : Lung cancer, heart disease, and respiratory problems due to thousands of

chemicals, including tar and carbon monoxide (Cleveland Clinic, 2024).

Figure 04: Cigarettes

3. Infections Transmitted Through Hookah Use:

Hookah use, especially when shared, significantly increases the risk of various infections due to the

moist environment and communal sharing of mouthpieces (REF).

3.1. Respiratory Infections :

3.1.1. Bacterial Contamination :

Hookah tobacco can harbor bacteria like Pseudomonas aeruginosa, Klebsiella species, Escherichia

coli, and Enterobacter species (Mohamed et al., 2022).

These bacteria thrive in the moist environment of the hookah and can be inhaled, leading to

respiratory infections (Université du Maryland, 2024).

Examples :

v' A person with a mild bacterial infection can contaminate the hookah water, which is then
inhaled by subsequent users, leading to pneumonia or bronchitis (REF).

v Outbreaks of pulmonary tuberculosis have been linked to shared waterpipe use. (WHO FCTC,
n.d.)

10
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3.1.2. Fungal Infections:

Fungi species like Candida, Fusarium, and Aspergillus can contaminate hookah components. These
can cause respiratory issues, especially in individuals with weakened immune systems (Alharhi et
al., 2018).

Example:

Inhaling spores of Aspergillus can lead to aspergillosis, a lung infection, particularly dangerous for

those with asthma or chronic lung disease (Centers for Disease Control and Prevention, n.d.).

3.1.3. Viral Infections:

a. Hepatitis C and other Bloodborne Viruses:

Sharing mouthpieces can transmit bloodborne viruses like hepatitis C through contaminated saliva
or blood from microabrasions in the mouth (WHO, n.d.)

Example:

If a person with hepatitis C has bleeding gums and shares a hookah, the virus can be transmitted to

other users.

b. Herpes Simplex Virus (HSV-1):

HSV-1, causing oral herpes, spreads through saliva on shared mouthpieces (CDC, 2023)

Example:

Sharing a hookah with someone who has an active oral herpes outbreak significantly increases the

risk of transmission.

11
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¢. Influenza and Common Cold Viruses:

Respiratory viruses like influenza and rhinoviruses survive on moist surfaces and spread through
shared hookah pipes (American Lung Association, 2022).

Example:

During flu season, sharing a hookah can lead to rapid transmission of the influenza virus among
users.

d. COVID-19 and other Coronaviruses:

The close proximity and shared equipment in hookah use increase the risk of COVID-19
transmission. SARS-CoV-2 can persist on moist surfaces and aerosolize during smoking (WHO
FCTC, 2020).

Example:

An individual with an asymptomatic COVID-19 infection using a shared hookah can spread the

virus to others.

e. Epstein-Barr Virus (EBV):

EBYV, responsible for mononucleosis, spreads through saliva, making shared hookah use a high-risk
activity (Johns Hopkins Medicine, 2021).

Example:

A young adult sharing a hookah at a social gathering can contract EBV from an infected individual,

leading to mono.

3.2. Long-Term Consequences :

3.2.1. Chronic Respiratory Diseases: Frequent hookah use can lead to chronic bronchitis,

emphysema, and increased susceptibility to pulmonary infections.

» Increased risk of Tuberculosis: Sharing hookahs increases the spread of Tuberculosis.

» Cardiovascular Diseases:__The toxic chemicals in hookah smoke can damage the
cardiovascular system, increasing the risk of heart disease and stroke.

» Cancer: Hookah smoke contains carcinogens, raising the risk of lung, oral, and other
cancers(Mayo Clinic, n.d.).

» Compromised Immune System: Long term use can weaken the immune system, leading to an

12
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increased likelyhood of all types of infections (Cleveland Clinic,n.d.).

4. Preventive Measures :

a. Hygiene Practices :

- Thoroughly clean and disinfect hookah equipment after each use.
- Use disposable mouthpieces and avoid sharing.

- Wash hands before and after handling hookah equipment.

b. Equipment Maintenance :
-Regularly change the water in the hookah to minimize bacterial and fungal growth.

-Ensure proper ventilation in smoking areas.

c. Personal Precautions:

-Avoid using hookahs in crowded or poorly ventilated areas.

-Individuals with respiratory conditions or weakened immune systems should avoid hookah use
altogether.

-Educate users on the risks of sharing hookahs.

The practice of hookah smoking, often perceived as a social and relatively benign activity, presents
a significant risk for the transmission of a wide array of infections. The unique characteristics of
hookah use, including the moist environment of the water pipe and the frequent sharing of
mouthpieces, create an ideal setting for the proliferation and transmission of bacterial, fungal, and
viral pathogens.

The evidence presented highlights the potential for serious respiratory infections, bloodborne viral
infections, and other communicable diseases associated with hookah use.

Beyond the immediate risk of infection, the long-term health consequences of regular hookah
consumption are substantial. The chronic exposure to toxins and pathogens can lead to severe
respiratory diseases, cardiovascular complications, and an increased risk of cancer. Therefore, it is
imperative that public health messaging emphasizes the potential dangers of hookah use,

particularly in social settings where sharing is common.

13
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Shisha and e-cigarette use has become very common and is a fad, especially among young people.
However, this phenomenon poses a serious public health problem, not only linked to the harmful
effects and toxicity of nicotine, but also to infectious diseases that can be transmitted through the
use of hookah or e-cigarettes, which are often shared among young people.

The goal of our work is to isolate, identify, and detect microbial strains that can colonize shisha,
especially the mouthpiece (or sleeve) of the hose, often used without a filter, the filters, and the
mouthpiece of e-cigarettes. These sites are the source of the transmission of these microorganisms
and, consequently, the transmission of several diseases such as respiratory infections, candidiasis,

and others.

1. Material :

1.1. Origins of the samples:

For this study, we were able to collect surface samples and filters used at two different tea shops
(S1 and S2) in the province of Skikda for traditional hookah. Two samples of e-cigarettes were

taken from the university (students).

Table 02: Samples of traditional hookah

Traditional hookah

Tea Shop 1 (S1) Tea shop 2 (S2)

3 samples (3 different hookahs) 2 samples (2different hookahs)
3 internal samples (mouthpiece) 3 internal samples (mouthpiece)
3 external samples (mouthpiece) 3 external samples (mouthpiece)
2 filters /
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1.2. Sampling protocol for bacterial isolation from shisha :

1.2.1. Internal sampling (swab) :

Internal sampling was performed using sterile swabs. A swab was inserted into the inner section of
the shisha (pipe) to collect a sample directly from areas that could be contaminated by
microorganisms. The swab was gently used to avoid disturbing the microbial environment. It was
then immediately placed into a sterile transport tube containing an appropriate culture medium to
preserve the bacteria until further analysis. Each tube was uniquely labeled to ensure proper sample

traceability and prevent any mix-up during subsequent microbiological analysis.(figure01)

Figure 05 : Internal sampling (Personal take)
1.2.2. External Sampling (Swab) :
External sampling was also carried out using sterile swabs, targeting various external areas of the
shisha, particularly the mouthpiece. These areas are prone to contamination, especially through
direct contact with hands or environmental surfaces, which may act as vectors for bacteria. Each
swab was then placed into a sterile transport tube containing a suitable medium for the preservation
of the microorganisms. As with internal sampling, each tube was clearly labeled to ensure proper

sample management. (figures02and03 )

Figure 06: External Sampling

16
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Figure07: Hookahs sampling (Personal take)

2.3. Filter Sampling :

Samples were also collected from the filters of both shishas, with one filter taken from each. These
filters, often used to filter out impurities or nicotine, can serve as sites for bacterial growth due to
the moisture and residue present. A filter was collected from each shisha and placed into a sterile
transport tube containing an appropriate culture medium. This step helps to detect any potential

pathogens that could be trapped in the filters and potentially contaminate the user.

2. Methods:
2.1. Protocol for Inoculation and Incubation of Samples :
2.1.1. Inoculation Protocol :
a. Sample Preparation:
Ensure that all collected samples (swabs or filters) are properly labeled and kept in sterile transport
tubes until inoculation.
Four culture medias were used :
e Nutrient agar : for the cultivation of a wide variety of bacteria (growth of non-selective
bacterial).
e Chapman Agar (Selective for Staphylococcus aureus).
e Hektoen Enteric Agar (Selective for Enterobacteriaceae).

e Sabouraud Agar (Selective for Fungi).

17
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b. Inoculation Process :

Adding sterile saline watersalineto each swab to preparing bacterial suspension. Using the swab,
transfer a small aliquot of the sample onto the surface of each agar plate. Gently streak the sample
across the agar surface using a zigzag motion to allow for proper bacterial growth and isolation .

For filters, the same method was used. (figure 04)

Figure 08 : swab inoculation method (Personal take)

c. Incubation conditions :

- For the bacterial growth :

Incubate Nutrient Agar Hektoen and Chapman Agar plates at 37°C for 18-24 hours for optimal
bacterial growth.

- For fungal Growth:

Incubate Sabouraud Agar at 30°C for 3—7 days to allow fungal colonies to develop. Observe for

distinct fungal morphology such as filamentous structures or yeast-like colonies.

d. Identification and Interpretation :
After incubation, carefully examine the growth on each medium:

- Bacterial colonies: Check for characteristics like shape, size, color, and hemolysis (for nutrient

agar).

18
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- Confirm suspected S. aureus colonies on Chapman agar by API system Staph.

- Fungal colonies: Observe macroscopic colony features like color, texture, and any signs of
mycelial growth (for Sabouraud agar).

Enterobacteriaceae: Confirm suspected colonies from Hektoen agar with Chromagar and

biochemical tests (API System).

Identification of idol species differences was preceded by a fresh state plus Gram staining .(figures

05 and06)

Figure 09 : Fresh state(fungi)( Personal take)

Figure 10 : Gram straining (Personal take).
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After incubation, a very high number of bacteria and fungi were noted on the various containers for
all samples taken (Figure ..). This indicates the high contamination of the hookah mouthpiece as

well as the e-cigarette. And this result raises the alarm about the risk encountered following the

possible cross-contamination between consumers.

Figure 11 : Results of seeding different samples of hookah and E-cigarette

(Personal take).
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1. Microorganisms isolated from traditional hookah :

1.1. Bacteriel strains:

The microbiological analysis of traditional hookah components from two different tea lounges or
tea shops (S1 and S2) revealed various bacterial and fungal species, confirming notable microbial
contamination.

We note the presence of pathogenic bacteria such as Staphylococcus aureus, Escherichia coli,
Salmonella spp., and members of the KESC group (Klebsiella, Enterobacter, Serratia, Citrobacter)
were identified, posing risks of infections, especially in immunocompromised individuals.

The first tea shop (S1) was found to be more contaminated than the second with a very high and
more varied number of bacteria (Table 04), (Figure 11).

Candida spp. was also found, known for causing candidiasis and oral ulcers (aphthae).

The presence of microorganisms in the filters highlights their importance in contamination and the

need for regular cleaning or replacement to reduce microbial risk.

Table 03 : Bacterial strains isolated from traditional hookah.

Sample Internal sampling (1) External sampling (2)
Hookah 1 Staphylococcus aureus, | Staphylococcus aureus ,
Salmonella spp Salmonella spp,
Klebsiella, Enterobacter,
Serratia, Citrobacter
Tea Shop (KESC)
1(S1) Hookah 2 Klebsiella, Enterobacter, Staphylococcus aureus ,
Serratia Klebsiella, Enterobacter,
Serratia
Hookah 3 Staphylococcus Escherichia coli,
epidermidis, Klebsiella, Staphylococcus aureus
Enterobacter
Tea shop Hookah 1 Enterococcus, Staphylococcus aureus
2 (S2) S. epidermidis
Hookah 2 Staphylococcus aureus Staphylococcus aureus
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Filters
Filter 1 Staphylococcus saprophyticus, Klebsiella,
Tea Shop 1 (S1) Enterobacter, Staphylococcus epidermidis
Filter 2 Enterococcus, Staphylococcus epidermidis, Candida
Tea Shop 1 (S1)

2.2. Fungal strains :

Macroscopic and microscopic identification of fungi obtained on agar Sabouraud showed different
fungal genera, including Aspergillus, Penicillium, Cladosporium, Fusarium, Alternaria,

Trichoderma, Rhodotorula, and Candida (Table 04).

Some of these fungi are potentially harmful. For example, Aspergillus niger can cause lung
infections, and Alternaria and Fusarium are known for producing toxins. Penicillium may cause

allergies and respiratory problems.
Candida spp., seen as small colonies, is responsible for candidiasis and oral ulcers (aphthae).

This shows that traditional hookahs can be contaminated by fungi that may affect human health.
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Table 04 : Fungi strains isolated from traditional hookah.

Petri dishes Macroscopic Probable Comments Photo
Description Genus
1 Two main Penicillium or | white colony is
colonies: one Aspergillus typical of
white with (white one), Penicillium
central umbo possibly morphology
and concentric | Cladosporium
rings; one (brown)
brownish with a
cottony texture
2 Single dark- Aspergillus Characteristic
centered colony, | niger (likely) | black conidial
compact, head center,
surrounded by indicative of
clear agar A. niger
3 Multiple Aspergillus, High
colonies: dark Penicillium, | polymicrobial
velvet colony possibly growth
(likely Fusarium or
Aspergillus), Cladosporium
blue-green
colony (possibly
Penicillium),
round
beige/white
colonies
4 Single large Aspergillus Isolated
dark green niger growth;
colony with characteristic

black center and

radial furrows;

rest of the plate

black center
and radial

pattern suggest
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s sterile A. niger
Three clearly Aspergillus, Morphologies
distinct Alternaria, are highly
colonies: Penicillium characteristic
- Left: very dark of these
black with radial genera.
grooves —
Aspergillus
niger
- Right: reddish-
brown with a
grayish center
and concentric
zones — likely
Alternaria spp.
- Bottom:
green-blue with
a white cottony
margin —
Penicillium spp.
- One main Cladosporium Unusual
colony with or Fusarium pigmentation
purple center, and
white outer morphology
edge, and suggest a
wrinkled/flower- dematiaceous
like texture (darkly
- Some signs of pigmented)
diffusion into mold.
the agar
([ »)
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- One large, Rhodotorula, | Mixed culture.
circular pale Penicillium, The pink
pink colony, Trichoderma colony
smooth suggests a
- Two smaller yeast-like
colonies: one organism
green (powdery (possibly
texture), one Rhodotorula).
white with
concentric rings
- Appears Candida (for The small
mostly small colonies) | colonies may
transparent represent
- Several small, yeasts or
circular, raised bacterial
colonies along growth
the surface

2. Microorganisms in electronic cigarettes:

Microbiological analysis of E-cigarette samples from two university users revealed the presence of
various bacteria and fungi. Among the identified microorganisms were Staphylococcus aureus,
Escherichia coli, Klebsiella, Enterobacter, Serratia, Citrobacter (KESC group), Proteus,
Streptococcus agalactiae, Staphylococcus epidermidis, and Candida albicans (Table 05),

(Figure..).

Many of these strains are potentially pathogenic. Staphylococcus aureus, E. coli, and the KESC
group can cause serious infections, especially in vulnerable individuals. Proteus and Streptococcus

agalactiae are also known for causing urinary and respiratory infections.

Candida albicans, found in all samples, is responsible for candidiasis and oral ulcers

(aphthae).

This contamination shows that even E-cigarette devices used in academic settings can harbor

harmful microorganisms, posing a health risk to users.
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Table 05 : Microorganisms in e-cigarettes

Sample

Internal sampling (1)

External sampling

2

Consumer 01

Staphylococcus aureus

Escherichia coli

Klebsiella, Enterobacter,

Serratia, Citrobacter

Klebsiella, Enterobacter, (KESC) Escherichia coli
Serratia, Citrobacter Candida albicans
(KESC)
Proteus
Candida albicans
Consumer 02 Escherichia coli Staphylococcus
Staphylococcus aureus epidermidis
Candida albicans Candida albicans

Streprococcus agalactiae

Proteus
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Discussion

The use of traditional shisha and electronic cigarettes has become increasingly popular among
young people, particularly with the proliferation of tea shops and social lounges. However, the risks
associated with this practice extend far beyond the well-known dangers of nicotine addiction and
exposure to toxic substances in tobacco. A major but often overlooked concern is the potential for
microbial contamination and transmission. Shared use of shishas and e-cigarettes, often without
adherence to basic hygiene standards, facilitates the spread of pathogenic microorganisms. These
include bacteria, fungi, and viruses capable of causing respiratory infections and a variety of other
illnesses.

In this study, our primary objective was to isolate and identify the microorganisms that colonize
traditional shishas and e-cigarette devices. By doing so, we aim to highlight the potential health
risks associated with their use, especially the risk of transmitting respiratory pathogens such as
Streptococcus pneumoniae, Staphylococcus aureus, Candida albicans, and possibly even viruses
like influenza or respiratory syncytial virus (RSV). Our findings underscore the importance of
microbiological surveillance and raise awareness of the infectious risks linked to these increasingly

popular habits.

Among the samples analyzed, those taken from traditional shishas used without filters showed a
significantly high number of isolated microorganisms. Notably, Escherichia coli, Staphylococcus
aureus, and Candida albicans were frequently identified, along with a large variety of fungal
species. This suggests that using shisha without a filter greatly increases the risk of microbial
contamination, thereby exposing users to serious infections, particularly of the respiratory and oral
systems. In contrast, two samples taken from shishas equipped with filters revealed a much lower
microbial load, indicating that the use of filters can effectively reduce exposure to pathogenic
microorganisms and thus serve as a protective barrier for users. Additionally, samples taken from
two electronic cigarette devices revealed a particularly high risk of Candida-related infections
(candidiasis), along with the presence of other potentially pathogenic microorganisms. These
findings underscore the urgent need for awareness about hygiene practices and the potential

infectious risks associated with the communal and often careless use of these smoking devices.

The association between hookah use and respiratory infections as well as other infections are well-
documented, with microbial contamination of hookah components serving as a significant
contributor to disease risk. Studies have identified a wide range of pathogenic microorganisms,
including Staphylococcus aureus (including MRSA), Pseudomonas aeruginosa, Klebsiella

pneumoniae, and Candida albicans, colonizing mouthpieces, hoses, water bowls, and tobacco

[ =)



Discussion

(Altindis et al, 2020; Shakhatreh et al., 2018; Alaidarous et al., 2017). These pathogens are
linked to serious respiratory infections such as pneumonia, bronchitis, and chronic lung diseases,
exacerbated by the immune-suppressive effects of hookah smoke (Aljadani et al., 2020; Kabbani

et Olds, 2025). These findings are consistent with the results obtained in our study.

The mechanisms of infection ranging from direct inhalation of aerosolized pathogens to biofilm
formation and oral inoculation highlight the urgent need for improved sanitation practices and
public health interventions (Martinasek et al., 2018; Yadav, 2024). Regulatory gaps, such as
inconsistent hygiene standards and inadequate enforcement, further compound these risks (Jawad
et al., 2018 ; Patel et al., 2019). Proposed measures, including mandatory single-use mouthpieces,
regular equipment sterilization, and antimicrobial materials, offer promising solutions to mitigate
microbial transmission (Yadav, 2024; Jawad et al., 2018).

Educational campaigns are equally critical to address misconceptions about hookah safety,
particularly among youth and young adults (Patel et al., 2019). Future research should focus on
longitudinal health outcomes, dose-response relationships, and the development of innovative
materials to reduce contamination (Yadav, 2024 ; Kabbani et Olds, 2025).

In conclusion, interdisciplinary efforts encompassing regulation, education, and technological
advancements are essential to curb the infectious disease risks associated with hookah use.
Strengthening public health policies and fostering awareness will play a pivotal role in safeguarding

respiratory health in hookah users and the broader community.
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Conclusion

The increasing popularity of hookah (shisha) and electronic cigarettes, particularly among younger
demographics, has raised concerns regarding their potential health risks. These practices, often
perceived as less harmful alternatives to traditional tobacco smoking, involve the communal use of
mouthpieces and devices, fostering an environment conducive to the transmission of pathogenic
microorganisms. The phenomenon of cross-contamination between individuals represents a
significant yet frequently underestimated public health issue, especially in communal settings such

as hookah lounges and social smoking spaces.

The findings of this study underscore the alarming presence of pathogenic microorganisms on
various components of traditional hookah apparatus specifically internal and external mouthpieces
as well as on the filters used in hookah and electronic cigarette devices. Microbiological analysis
revealed the isolation of several harmful bacterial species, including Staphylococcus aureus,
Escherichia coli, Salmonella spp., Klebsiella pneumoniae, Proteus sp., and different Streptococcus
strains. Additionally, pathogenic fungi such as Aspergillus niger, Penicillium spp., and Candida

albicans were also identified.

These results provide compelling evidence that the practice of hookah smoking, particularly when
shared among individuals or inadequately cleaned, serves as a vector for the transmission of
infectious agents. Notably, one of the hookah lounges examined exhibited significantly higher
levels of microbial contamination, especially in relation to the mouthpieces, which may be
attributed to poor hygiene practices or higher rates of usage. In contrast, the analysis of filters
demonstrated their potential in mitigating the risk of contamination, although they do not offer

absolute protection.

This study highlights the critical need for heightened awareness regarding the microbiological risks
associated with the communal use of hookah and electronic cigarette devices. From a public health
standpoint, it is imperative to promote the adoption of disposable filters, enforce rigorous sanitation
protocols, and encourage safer usage practices in order to reduce the transmission of infections in

hookah-smoking environments.
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Recommandations :

Health System Readiness:

e Evaluate how prepared health systems are to diagnose, treat, and prevent infections linked to
shisha use.

e Focus on healthcare infrastructure, resources, and training of providers.

Infectious Disease Transmission:

o Study how infections can spread through communal use of shisha mouthpieces.

Genomic & Microbiological Analysis:

e Analyze genetic variations and microbial contamination associated with shared shisha use.

e Test the effectiveness of different cleaning and sterilization methods.
Behavioral Research:

e Investigate the cultural, social, and psychological reasons behind mouthpiece sharing.

o Use findings to create culturally sensitive prevention strategies.
Economic Evaluation:

o Assess the cost-effectiveness of interventions aimed at reducing disease transmission
through shisha smoking.

e Consider potential healthcare savings and productivity benefits.
Educational Campaigns:

e Evaluate the impact of awareness campaigns on changing risky behaviors, like mouthpiece

sharing.

Chemical & Cultural Factors:

o Study chemical changes in shisha smoke due to shared usage.

e Understand how cultural norms support or discourage sharing.

Policy and Regulation:
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e Review existing laws and policies related to shisha use and assess their effectiveness in

reducing health risks.

Alternatives and Harm Reduction:

e Explore the use of safer alternatives, such as disposable or personal mouthpieces, and assess

their practicality and impact.

Cross-Cultural Comparisons:

e Compare shisha-related practices and health effects in different populations and regions to

learn from diverse experiences.

Youth and Vulnerable Populations:

e Focus on how shared shisha use affects younger individuals and other at-risk groups.

Long-Term and Intervention Studies:

e Conduct long-term studies on the health impacts of frequent shisha use and mouthpiece
sharing.
e Test various intervention strategies (education, policy, community engagement) for

effectiveness.

Multidisciplinary Collaboration:

e Encourage cooperation between healthcare professionals, researchers, policymakers, and

communities to tackle the issue from multiple angles.
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