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Abstract: Organisms that reside in the oral cavity become an important aspect of health and disease. Disruption of the oral health and hygiene has 
been attributed to the presence of abnormal microflora. Consumption of tobacco has been considered to be a leading cause for the presence of 
abnormal oral microflora, in turn disrupting the oral health. In this study, 45 respondents were targeted from South Mumbai who consumed tobacco in 
smokeless forms. Klebsiella pneumoniae strain was isolated from oral swabs of smokeless tobacco consumers and compared against controls. The 
strain was characterized using phenotypic and genotypic approaches. The presence of Klebsiella was reported in 24 of the 45 samples. Sequence 
comparison of 16S rRNA gene and phylogenetic analysis confirmed the presence of Klebsiella strain. The sequence obtained was submitted to the NCBI 
Gene bank that has been granted an accession number- KM186520. During the course of our study we observed Klebsiella pneumoniae to exhibit green 
fluorescent colonies under UV spectroscopy. λmax of the fluorescent chromophore was estimated to be 220 nm with OD of 1.785. Our analysis provides 
evidence that Klebsiella pneumoniae in the oral micro flora of the tobacco consumers exhibits a novel phenomenon of fluorescence. 
 
Index Terms: Klebsiella pneumoniae, oral cavity, smokeless tobacco, 16s rRNA, fluorescence, chromophore, UV spectroscopy 

——————————      —————————— 

 

1. INTRODUCTION 
Organisms residing in the oral cavity and their collective 
genome–the oral micro biome–are critical components of 
health and disease. Disruption of the oral micro biome has 
been proposed to indicate, trigger, or influence the course of 
oral diseases

1
. Consumption of tobacco can cause the 

disruption of the oral micro biome. Smokeless tobacco is 
tobacco that is not burned. It is also known as chewing 
tobacco, oral tobacco, spit or spitting tobacco, dip, chew, and 
snuff 

2
. There are 2 major types of smokeless tobacco 

products: chewing tobacco and snuff 
3
. Chewing tobacco, 

which is available as loose leaves, plugs (bricks), or twists of 
rope. A piece of tobacco is placed between the cheek and 
lower lip, typically toward the back of the mouth. It is either 
chewed or held in place. Most people chew or suck the 
tobacco in their mouth and spit out the tobacco juices that 
build up 

2
. In users of smokeless tobacco, nicotine in the 

tobacco is absorbed through the lining of the mouth. It is 
absorbed through the mouth tissues directly into the blood, 
where it goes to the brain. Even after the tobacco is removed 
from the mouth, nicotine continues to be absorbed into the 
bloodstream. Also, the nicotine stays in the blood longer for 
users of smokeless tobacco than for smokers. The level of 
nicotine in the blood depends on the amount of nicotine in the 
smokeless tobacco product, the tobacco cut size, the product’s 
pH and other factors

2
. The major types of smokeless tobacco 

products consumed in India are in the form of Pan, Pan 
Masala, Ghutka, Masheri, Khaini, Beetle nuts, etc. The 
Europeans introduced tobacco into South Asia in the 1600s, 
for pipe smoking and probably also as snuff. Believed to have 
originated in prehistoric times, this practice extends eastwards 
as far as the South Pacific islands. After its introduction, 
tobacco soon became a new ingredient in betel quid (pan), 
which has become the most commonly used form of 
smokeless tobacco, although its use varies in different parts of 
the world. An estimate of the number of betel quid users 

globally is 600 million.
1
 Smokeless tobacco users in India and 

Pakistan together have been estimated to number 100 million. 
Smokeless tobacco and snuff contain 3,000 chemicals

 

including 28 carcinogens (cancer-causing agents)
 4. 

Klebsiella pneumoniae, a gram-negative rod-shaped bacillus 
from the genus Klebsiella are considered to be immobile in 
nature. They can be identified by its characteristic to produce a 
capsule made up of polysaccharide. Klebsiella pneumoniae 
grows at an optimum temperature of 37°C. The bacterium has 
been predominantly associated with oral health 

5
. In chronic 

form, it has also been associated being the cause of 
Parenchymal scarring and Bronchiectasis 

6
. Although found in 

the normal flora of the mouth, skin, and intestines
31

; Klebsiella 
pneumoniae can cause destructive changes to human lungs if 
aspirated, specifically to the alveoli resulting in bloody sputum. 
The organism has become important pathogens 
in nosocomial infections, and it is conditionally pathogenic and 
may produce pneumonia in man

 7
. This study aims at isolating 

and characterizing one such strain of Klebsiella pneumoniae. 
 

2 PROCEDURE  
 
2.1 Collection of Samples from the Smokeless Tobacco 
Consumers 
This study was a random cross-sectional study conducted in 
South Mumbai, India. A convenient sampling method was 
used to recruit smokeless tobacco consumers from a mixed 
group consisting of taxi drivers, dabbawalas, local vendors and 
support staff at K.C. College. A total of 50 such people, male 
ranging between 20-60 years of age and above, participated in 
the study. Out of the 50 respondents, 45 were tobacco 
consumers and 5 were non-consumers. Unstimulated samples 
were collected using sterile cotton swabs, by swabbing it all 
round in the oral cavity. The swabs were dipped it in a tube 
containing 1.5ml of saline and further analyzed (not later than 
24 hours).  
 
2.2 Microbial analysis of the sample 
Within 3-4 hours of collection, the samples were streaked on 
Nutrient Agar. The swab used for collection was used for 
streaking on plates. The plates were incubated at 37°C for 24-
48 hours.  
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2.3 Isolation and Characterization of the organisms 
After incubation, the colonies observed on the plate were 
characterized by Hans Christian Gram’s method of Gram 
Staining

 
and observed under the light microscope (100X 

magnification-Oil immersion lens). Capsule staining was 
carried out by Maneval’s method.  
 
2.4 Examination of UV fluorescence and characterization 
of the strain 
Nutrient Agar plates were observed under UV light. The 
colonies exhibiting fluorescence were used for scaling up to 
obtain more quantity of the pigment. The colonies were 
enriched in Nutrient Broth using a shaker incubator at 37°C. 
The flasks were observed for fluorescence in a dark room 
under UV light. The cells were pelleted from the suspension. 
The supernatant was discarded as it did not show any 
fluorescence. The pellets were washed in sterile saline and 
were re-suspended 0.4 N NaOH to dissolve the pellet. The 
extracted pigment was subjected to UV Spectroscopy using 
0.4N NaOH as control

.
 

 

3 RESULTS 
 
3.1 Description of the colony 
Twenty-four samples of the 50 exhibited the presence of green 
fluorescent colonies under the UV light (Fig 1).  
         

 
Figure 1: Fluorescent colonies under UV light; control agar 

plate (left) test sample (right) 
 
On further characterization under the microscope, the 
fluorescent colonies were indicative of gram negative short 
rods present in singles and in chains. This colonies were 
stained to check for presence of a capsule. The colonies 
displayed presence of a capsule, confirming the probability of 
presence of a Klebsiella strain.  
 
3.2 Characterization of the strain 
The isolates were characterized using phenotypic and 
genotypic approaches. The colonies were observed at room 
temperature (Fig 2A) as well us under UV lights (Fig 2B) for a 
comparison. Fluorescent colonies were picked and scaled up 
in a nutrient broth flask. These colonies exhibited similar 
fluorescence (Fig 2C).                                                                                
 
 
 
 

 
A)                                                        B)                                                                              

 
                                                

C)                                  

 
Figure 2: A) Colonies growing on Veillonella Agar Plate. 
B)Colonies seen under UV light.  C)Fluorescent colony 

inoculated and enriched in nutrient broth. 
 
λ max of the fluorescent chromophore was estimated to be 
220 nm with OD of 1.785 with the help of spectrofluorometric 
analysis which further confirmed the presence of Klebsiella 
pneumoniae strain (Fig 3). Sequence comparison of 16S rRNA 
gene and phylogenetic analysis confirmed the presence of 
Klebsiella pneumoniae. The sequence thus obtained was 
submitted to the NCBI Gene bank that has been granted an 
accession number KM186520.  
 

 
Figure 3: Spectrofluorometric analysis of the fluorescent 

colony 
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4. DISCUSSIONS: 
In our study, the isolated fluorescent colony were found to be a 
strain of Klebsiella pneumoniae. These are gram negative 
short rods that are responsible for causing pneumonia. Gram-
negative rods are unusual pharyngeal isolates in normal man, 
suggesting the presence of effective oral defense mechanisms 
against these organisms. Our findings have provided evidence 
for the presence of Gram-negative short rods, Klebsiella 
pneumoniae, in the oral flora of smokeless tobacco 
consumers. In previous studies, data generated using 
suspensions of Escherichia coli, Klebsiella pneumoniae, and 
Proteus mirabilis gargled by normal volunteers showed the 
most rapid decrease in buccal mucosa samples and the 
slowest decrease in tongue swabs  of these organisms

7,8
. 

Although the oral cavity is considered to be a reservoir for 
saprophytic microorganisms, some of them may be 
pathogenic, especially those which are not part of the normal 
flora.  K. pneumoniae infections are not frequent in the mouth 
9
. Amongst the saliva of 50 respondents analyzed, 24 

respondents showed the presence of the fluorescence strain. 
None of the controls harbored this strain. K. pneumoniae is 
also considered as a ubiquitous opportunistic pathogen that 
colonizes at the mucosal surfaces in humans and causes 
severe diseases, such as septicemia, pneumonia, urinary tract 
infections, and soft tissue infections

5
. Although Burnet et al., 

1978 
10

 consider K. pneumoniae to be a normal component of 
oral and nasal cavities, Trabulsi, 1991 

11
 only referred to 

colonization of the nasopharynges by this bacterium. Other 
studies have shown that its presence is more common in the 
dental plaque of vegetarians 

13
 and in AIDS patients 

14
. A study 

published in Dsouza et al 
5
 suggests most of the tobacco 

consuming respondents reported a problem of bad breath.
 
Bad 

breath is a common phenomenon, usually the result of 
bacterial metabolism in the oral cavity.  Goldberg S et al, 1997 
15

 reported that isolates of Klebsiella and Enterobacter emitted 
foul odor in vitro which resembled bad breath, with 
concomitant production of volatile sulfides and cadaverine, 
both compounds related to bad breath. When incubated on a 
sterile denture, enterobacterial isolates produced typical 
denture foul odor. The results, taken together, suggest 
that Klebsiella and related Enterobacteriaceae may play a role 
in denture malodour

16
. Consumption of tobacco containing 

products have also been observed to have an impact on the 
total protein in the saliva thus affecting the oral microflora. 
Previous studies have reported that K.pneumoniae is 
responsible for a severe type of pneumonia, and for a large 
number of hospital-acquired infections. It is found in infection 
of the GI tract, peritonitis, enteritis, meningitis and septicemia, 
always associated with a suppurative process 

18, 19 
K. 

pneumoniae may also secondarily infect other areas from a 
primary focus of infection. In our study, chromophore was 
obtained in the supernatant whereas pellet did not show 
presence of the chromophore. We need to explore further, the 
pathway for formation of chromophore group leading to the 
fluorescence exhibited. The biochemical nature of fluorescent 
component in Klebsiella pneumoniae remains to be 
investigated. There have been previous references 

10, 20-24
 

which say that consumption of tobacco may alter the 
microenvironment in the oral cavity. It may act as facilitator for 
non-resident bacteria and may cause changes in the 
adherence pattern of the micro flora. In our analysis, there 
must have been such a non-identified factor in oral swabs of 
tobacco consumers which may have played a role in 

adherence of Klebsiella pneumoniae, which needs further 
confirmation. Composition of various tobacco products is not 
yet defined, as a result is open for debate on different 
ingredients present in the product altering the 
microenvironment of the mouth. The presence of Klebsiella in 
these respondent samples needs to be correlated to any 
diseased state of the subjects. Long working hours leading to 
consumption of these products at a high frequency 
predisposes them to several dental complications and may 
even put them at a risk of oral cancer. The respondents need 
to be made aware of the implications of the findings of the 
study and its far-reaching effect on their health. This study 
may serve as a tool to detect the presence of Klebsiella 
species in oral isolates. This also has implications for a quick 
detection of presence of Klebsiella species using its ability to 
grow on Nutrient agar and possessing fluorescence under UV 
light. examples of units of measure. 
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