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Objectives. The aim of this study was to assess frequency of lung epithelial atypia among Shisha users. Methods. Sputum samples
were collected from 200 subjects (100 Shisha users (cases) and 100 nontobacco users (controls)). Cytological smears were prepared
and demonstrated using Papanicolaou and silver nucleolar organizer region (AgNORs) methods. Results. Cytological atypia was
identified among 2/100 (2%) of the cases, and no cytological atypia was found among controls. Respiratory squamous metaplasia
was significantly higher among cases 42/100 (42%), compared to controls 7/100 (7%) (P < 0.001). Shisha users were found more
susceptible for bacterial infections 34 (34%) compared to controls 3/100 (3%), (P < 0.0001). The mean AgNOR dots count was
higher among cases (2.3± .23) than among controls (1± .2), P < 0.001. Conclusion. In view of these findings, the consumption of
Shisha is a risk factor for cellular proliferation activity in respiratory epithelium. The mean AgNORs count is a useful indicator for
prediction of the risk of exposure to certain carcinogenic elements that may induce lung cancer.

1. Introduction

Lung cancer is a global public health problem. Lung cancer
is the leading cause of death worldwide. It accounts for
18% of all deaths and more than one million deaths a
year since 1993 [1]. Earlier detection and followup of
cellular atypia are important to predict their malignant
potential [2]. The prevalence of potentially malignant oral
mucosal lesions shows wide variations between developed
and developing countries [2]. The primary risk factors
for development of both OSCCs and potentially malignant
lesions are considered to be similar [2, 3]. However, the social
habits of “Shisha use” and “Goza” smoking have adverse
effects on general health and may predispose to oral cancer
[4]. In Sudan, the high prevalence of Shisha use might
contribute to development of lung cancer and a variety of
oral mucosal changes. Therefore, the objective of the present
study was to assess the cellular proliferation activity of lung
epithelial atypia among Sudanese Shisha smokers.

2. Materials and Methods

In this case control study, 200 volunteers from the city
of Khartoum were randomly selected. Of the 200 study
subjects, 100 were Shisha users (ascertained as cases) and
100 were nontobacco users (ascertained as controls). All
cases and controls were apparently healthy individuals, their
ages ranging from 18 to 72 years with a mean age of
29.5 years. Sputum specimens were collected from each
individual, in sterile container. Tobacco smokers and alcohol
users were excluded both from cases and controls. Personal
information and other demographical factors were obtained
using purposeful structured questionnaire.

3. Sample Processing

Sputum samples were collected by deep cough, and the
materials were initially placed in a betri dish, and then the
colored area was selected to make the smear. The smears were
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placed in Saccomanno’s fixative. The smears were further
treated according to Papanicolaou’s method [5]. Smears
fixed in ethanol were then hydrated in descending ethanol
concentrations of 95% through 70% to distilled water, for
2 min each. For nuclear staining, smears were treated with
Harris’s haematoxylin for 5 min, rinsed in distilled water,
and differentiated in 0.5% aqueous hydrochloric acid for
10 sec to remove excess stain particles and then immediately
rinsed in distilled water to stop decolouration. Thereafter,
smears were stained blue in alkaline water for 4 sec and
dehydrated in ascending ethanol concentrations of 70%
through two changes of 95%, for 2 min each. For the
cytoplasmic staining, smears were treated with Papanicolaou
Orange G6 solution for 2 min, rinsed in 95% ethanol, and
treated in Papanicolaou EA50 staining solution for 3 min.
Finally, the smears were dehydrated in 95% through absolute
ethanol, cleared in xylene, and then mounted in the DPX
(distrene polystyrene xylene) mount. Other smears were
stained using silver nitrate method for AgNOR protein sites.
Fifty percent silver nitrate and 2% gelatin in 1% formic acid
were the components. Smears were hydrated in 70% alcohol
for 2 min, rinsed in distilled water, and then incubated in
freshly prepared working solution (2 : 1). For 45% at dark
and moist area, they were then washed by distilled water
and 5% sodium thiosulphate, dehydrated in two changes
of absolute alcohol, cleared in two changes of Xylene, and
mounted with DPX medium.

3.1. Cytological Assessment of the Epithelial Atypia. In brief,
The presence of two or more of the following features
was consistent with atypia: nuclear enlargement, associated
with the increased nuclear/cytoplasmic ratio, nuclear hyper-
chromatism, chromatin clumping with prominent nucle-
ation, irregularity of nuclear membranes, bi- or multinucle-
ation, and increased keratinization [6]. Five sputum smears
obtained from patients known with cytological atypia were
included to serve as internal controls.

3.2. Ethical Consent. Each participant was asked to sign
a written ethical consent during the interview, before the
specimen was taken. The informed ethical consent form was
designed and passed by the ethical committee of Faculty
Research Board, FMLS, Sudan University for Science and
Technology.

3.3. Data Analysis. Statistical Package for Social Sciences
(version 12) was used for analysis and to perform Pearson
chi-square test for statistical significance (P value). The 95%
confidence level and confidence intervals were used.

4. Results

The male-female ratio was 1.0 : 1.0. The age distribution are
similar among the cases and the controls. The mean age of
the study population was 29.5 years with a range of 18 to 70
years. Cytological atypia was identified among 2/100 (2%)
of the cases, and no cytological atypia was found among
controls. Respiratory squamous metaplasia was significantly

Table 1: Distribution of the study population by age and metapla-
sia.

Age group
Metaplasia

Total
Presence Absence

<20 years 7 20 27

21–25 8 36 44

26–30 11 55 66

31–35 10 23 33

36+ 13 17 30

Total 49 151 200

Table 2: Description of the study population by cytological
findings.

Variable Cases Controls P value

Atypia

Positive 2 0
0.001

Negative 98 100

Metaplasia

Positive 42 7
0.001

Negative 58 93

Fungal infection

Positive 7 2
0.001

Negative 93 98

Bacterial infection

Positive 34 3
0.0001

Negative 66 97

Mean NOR counts

<2 84 100
0.001

2.1+ 16 0

higher among cases 42/100 (42%), compared to controls
7/100 (7%) (P < 0.001). The mean AgNOR dots count was
higher among cases (2.3± .23) than among controls (1± .2),
P < 0.001. According to mean NORs, a mean of <2 dots and
2.1 dots was counted in 84 and 16 for the cases and 100 and 0
for controls, respectively, P < 0,001, as indicated in Figure 1.

In regard to gender, metaplasia was identified among 33
of the males and 16 of the females, P < 0.001. Furthermore,
none of the females showed mean AgNORs count more than
two; hence, 16 of the males have showed mean AgNORs
count more than two.

Metaplasia was found to increase with the increasing of
age, and this was found to be statistically significant, P <
0.04, as indicated in Table 1.

Acute inflammatory cells infiltrates were identified
among 43 and 3 of the cases and controls, respectively.
Chronic inflammatory cells infiltrates were demonstrated in
23 and 3 of the cases and controls, respectively, P < 0.0001.
Shisha users were found more susceptible for bacterial
infections 34/100 (34%) compared to controls 3/100 (3%),
(P < 0.0001), as indicated in Figure 2. Fungal infection was
identified in 7 and 2 of the cases and controls, respectively,
P < 0.001, as indicated in Table 2.
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Figure 1: Description of cases by cytological atypia and metaplasia.
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Figure 2: Description of cases and controls by bacterial and fungal infections and inflammatory infiltrates.

5. Discussion

For the early detection of lung cancer and precancerous
lesions in high-risk areas with limited resources, as in the
case of Sudan, simple, reliable, and cost-effective screening
programs are highly recommended. In this study, the
presence of epithelial atypia was quantified by cytology in
smears obtained from Shisha users and nontobacco users. To
the best of our knowledge, this is the first paper from Sudan
to use cytological methods for analysis of lung epithelial
atypia in sputum obtained from Shisha users.

In this study, the significant presence of cytological atypia
and metaplasia among Shish smokers compared to controls
is strong evidence for the role of Shish smoking as a cause
of lung epithelial proliferative activity, which may develop to
lung precancerous or cancerous lesions. The use of Shisha

was previously reported to induce cytological atypia and
premalignant changes of lung [7].

In regard to metaplasia, cases were more susceptible
than controls, and this was found to be statistically highly
significant (P < 0.0001). The squamous metaplasia is
considered reactive and reversible changes, most frequently
associated with the development of squamous cell lung
carcinomas [8]. It is clear that tobacco use leads to squamous
metaplasia of the airways epithelium, predisposing the
tissue to potential malignant transformations [9]. Similar
results are also observed in other studies [10]. This means
that consecutive annual sputum examination increases the
chance of detection of sputum atypia and thus increases the
chance of detection of lung cancer.

The case group has significantly higher AgNOR mean
count than control group (±2.1), and this indicates that
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Shisha use increases cellular proliferative activity. These find-
ings support the studies by [11, 12]; they found significant
differences in the mean numbers of AgNORs per nucleus
between smokers and nonsmokers. Other studies found that
the mean AgNOR count was statistically higher in cells of
smokers than nonsmokers (P < 0.01) [13, 14]. Furthermore,
mean nuclear area of the smoker group is significantly higher
than the nontobacco users, which is a similar finding to
another study reported elsewhere [15].

In regard to the infection and inflammatory conditions,
cases were more susceptible than controls, and this was
found to be statistically highly significant (P < 0.0001). The
nicotine and exposure of respiratory tract epithelium to the
Shisha irritating substances (heavy metals such as arsenic,
cobalt, chromium, and lead) and carbon monoxide (CO) are
major causative factors. Smoking was associated with a 35- to
50 percent increase in the risk of respiratory tract infections
and inflammation [16]. These findings are in agreement with
other studies suggesting that use of tobacco disturbs the
normal maturation of the epithelial cells [17, 18].

Males were found more susceptible for overall cellu-
lar proliferative activity than females, and this might be
attributed to the fact that tobacco use is considered as social
stigma among females [19]. Therefore, the frequency of
tobacco use among females is lower than males, which might
lead to lower risk among females. Furthermore, cytological
changes were found to increase with age, which might be
due to prolonged exposure of high susceptibility of older
people to develop cytological deterioration in the presence
of pathogenesis. However, the increase of cytological atypia
among older people due to tobacco exposure was previously
reported by a study from Sudan [20].

In conclusion, Shisha smoking induces cellular pro-
liferative activity leading to an increased risk of lung
cancer. Sputum cytology might be helpful to identify high-
risk individuals who could benefit from more intensive
diagnostic examination and/or be enrolled into lung cancer
chemoprevention trials.
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