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Isolation and Identification of Gram-Negative Bacteria from Oral Cancer
Site Infections and Study of Their Antibiotic Resistance Pattern
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Cancer is one of the non-communicable lethal diseases which affects millions of people worldwide and is responsible
for the majority of global deaths. Among the types of cancers occurring in humans, oral cancer has a higher incident
rate which is significantly alarming. Oral cancer sites are associated with increased risk of metastasis, along with
making the cancer site susceptible to infection by a vast number of opportunistic pathogens. Gram-negative
opportunistic bacilli can dwell in these cancer ulcer sites since the patient becomes immune compressed due to
radiotherapy and chemotherapy treatments, which prolong the infection. The present study was undertaken to find
the most prevalent gram-negative bacilli in oral cavity cancer sites. Swab samples from 50 oral cancer patients were
taken to check the presence of the opportunistic organisms. While the control group was set with people with no
cancer, only 4 bacteria were isolated from 40 healthy volunteers. Among the isolates from both test group and
control group, the most prevalent organism was Klebsiella species 37(45%), followed by Pseudomonas species 29
(34.5%) and Proteus species 8(9.5%). The least prevalent was Escherichia coli 5(6%). The isolates were all taken for
antibiotic sensitivity testing (AST) against 15 antibiotics from 11 different groups used in hospitals. Results of the
AST were as follows: 100% of the isolates from cancer patients were resistant to vancomycin, clindamycin, amoxicillin,
penicillin G, and metronidazole. It was followed by azithromycin, where 86.25% of the isolates were resistant to it.
The least resistance was seen against aminoglycoside antibiotic group, amikacin (6.25%), then gentamicin having a
resistance percentage of 7.5. A substantial amount of qualitative data on medical history, clinical examination, and
treatment, etc. was documented and presented in this study.
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Introduction

Cancer is currently a major global public health issue. Development
of cancer cell and survival is a multifactor process that involves
genetic mutation of normal cells along with physiological changes
of normal body cells and the body’s defense mechanism. In Asian
countries naming India, Indonesia, Philippines, Vietnam, and China
more than 3 million people are expected to be diagnosed with
cancer each year!. Oral cancer, globally, is the sixth most common
cancer? and is a major problem in regions where tobacco habits, in
the form of chewing and/or smoking, with or without alcohol intake,
are common. Cancer can take place in the anterior tongue, gingival,
buccal mucosa, retromolar trigone, hard palate, salivary glands,
and even tonsil glands?.

Oral cancer arises through a series of histopathologic stages from
benign hyperplasia to dysplasia to carcinoma in situ followed by
invasive squamous cell carcinoma® The malignancy of oral cancer
is preceded by premalignant lesions that are hyperplastic growth.
A multistep process involving the accumulation of genetic and
epigenetic alterations in key regulatory genes>, the hyperplasia

can turn into metaplasia and anaplasia. Simultaneous exposure
to a wide spectrum of biological agents, chemical substances
and physical forces may act as predisposing factors of cancer.
External factors of oral cancer include the immoderate
consumption of cigarettes, alcohol, tobacco leaf, betel leaf,
catechu, etc. Moreover, infection with Herpes virus, Human
Papillomavirus, Candida albicans, Treponema pallidum, and
even poor oral hygiene can increase the risk of developing oral

cancer®.

A study revealed that the number of new cancer cases in
Bangladesh per year is about 200,000 of which 20% consists of
oral cancer patients’.Each year more than 7,000 people in
Bangladesh are diagnosed with oral cancer, and 6.6 % of these
patients face mortality. An estimation of the International Agency
for Research on Cancer (IARC) has reported cancer-related death
rate in Bangladesh was 7.5% in 2005 and it has a chance to
increase to 13% in 2030. The etiological factors implicated in
oral cancer can be used to trace down the relatively higher rate
of this disease in this country. People livinginSouth-East Asia,
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the Indian subcontinent, including Bangladesh have a habit of
chewing of betel quid with catechu which is dangerous since a
carcinogenic compound named arecoline is found in catechu.
The quid is usually kept in the mouth for a long period which
contributes to increased risk of developing oral cavity cancer.
Another prevalent habit of regular smoking and alcohol
consumption increases the risk of oral cancer. The most important
carcinogens in tobacco smoke are responsible for critical
mutations involved in DNA replication which are suspected to
play a key role in tobacco-induced head and neck cancer’.
Moreover, poor oral hygiene along with poor dental status has
been suggested to promote neoplasm in the presence of other
risk factors.

In the oral cavity, the role of microbes has been linked with
malignancies. Microbial population in mouth mucosa differs
between healthy and malignant sites which refer to alteration of
mouth microbiota due to oral cancer. Studies have identified some
microbes such as Treponema pallidum, Human papillomavirus,
and Candida albicans as risk factors of oral cancer. Infection in
the oral cavity occurs when the balance of bacteria in the body is
disrupted, specifically in immunocompromised situations, drug-
resistant bacteria proliferate over normal microbial flora. The
study identified Pseudomonas spp., Klebsiella spp., Escherichia
coli, and Proteus spp. as some of the opportunistic gram-negative
pathogens that can infect immunocompromised patients.
Moreover, the principal treatments for oral cancer being surgical
excision, radiotherapy, and chemotherapy ' facilitate colonization
of opportunistic pathogens in the oral cavity. Additionally,
nosocomial infections are commonly found in oral cancer patients
after surgical removal of the tumor due to wound exposure during
and after the operation.

Materials and Methods

Study subjects, place and duration: The study involved the
collection of both data through a questionnaire and a swab sample
from the oral cavity. Data and clinical samples were collected
from 50 oral cancer patients taking treatment from the National
Institute of Cancer Research and Hospital, Dhaka, Bangladesh,
from June 2019 to September 2019. The clinical samples were
checked for the presence of infection on their cancer site. Another
control group of 40 people was set with healthy volunteers aged
over 22 who do not exhibit any signs of cancer.

Collection of the samples: With a sterile autoclaved cotton swab,
the pus from the infection site in the oral cavity of oral cancer
patients was taken and immediately transferred to sterile test tubes
containing autoclaved 0.9% saline solution. While for the control
group with no oral cancer symptoms, the sterile cotton swab was
rubbed inside the cheeks, gum area and under the tongue. The
tubes were then taken into the laboratory and further experiments
were carried out.

Identification of the clinical samples: Taking 50 %4l of each sample
from the dilution 10-2 was inoculated into different selective agar
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media (cetrimide agar and eosin methylene blue agar) performing
spread plate technique and inoculated media plates were
incubated at 37°C for 24 hours. The colony characteristics of the
isolates (colony morphology along with their gram reaction) on
different selective media were presumptively examined according
to the standard microbiological laboratory manual'!. Later, single
colonies were taken and streaked on nutrient agar media for
identifying the microorganisms by performing standard
biochemical tests (IMVIC test, triple sugar iron test, citrate
utilization test, MIU test, catalase test, and oxidase test)

Antibiotic Susceptibility test

According to the guidelines provided by the Clinical Laboratory
Standard Institute (CLSI), the antibiotic susceptibility pattern of
the isolates was examined using disc diffusion method'?"13. The
18 hours fresh culture of the isolates (Pseudomonas spp.,
Klebsiella spp., Escherichia coli and Proteus spp.) were adjusted
to the turbidity of 1 McFarland standards and bacterial
suspensions were spread over Mueller-Hinton agar (MHA). The
antibiotic disc used in the study included amikacin, gentamicin,
imipenem, ceftriaxone, vancomycin, clindamycin, azithromycin,
amoxicillin, penicillin- G, amoxiclav, ciprofloxacin, nalidixic
acid, tetracycline and metronidazole (oxoid). All the plates were
incubated at 37°C for 18-20 hours and the zone of inhibitions
was measured (mm).

Results

Results from the growth on selective media: Of the 50oral cancer
patients that participated in the study, 42 patients had infection
in their cancer site. Among these 42 patients, 11 patients were
post-operative patients and the remaining 31 were pre-operative
patients. All the specimens from both pre-operative and post-
operative patients exhibited bacterial growth on at least one of
the selective media. Of the 40 samples collected from the healthy
people were considered as control, only 4 of them showed growth
on the selective media used for the isolation of selected gram-
negative opportunistic pathogens (Table 1).

Identification of isolates from biochemical tests results: The
individual distinct colonies that were found from the selective
media were streaked on nutrient agar to observe visual similarities
in terms of colony morphology. Of the 84 selected bacterial
colonies, 78 were from cancer patients with infection and 2
belonged to cancer patients with no visible infections. Only 4
isolates were retrieved from 40 samples of the control group.
Later, biochemical tests were done for further deduction of the
microorganism’s identity (Table 2).

Antibiotic susceptibility pattern of the isolates: The antibiotics
used in the susceptibility testing were selected on the criteria
of being regularly used in the hospital for controlling the
infection and prophylaxis purpose. The study tried to unveil
the efficacy of the 15 commonly available antibiotics from 11
different groups.
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All the isolates from cancer patients were resistant to
vancomycin, clindamycin, amoxicillin, penicillin G, and
metronidazole. It was followed by azithromycin, where 86.25%
of the isolates were resistant to it. The least resistance was seen
against amikacin (6.25%), then gentamicin having a percentage
of 7.5 (Figure 1).

The control group had 40 specimen samples from which only 4
organisms were isolated. All of the 4 isolates were resistant against
vancomycin, clindamycin, amoxicillin, penicillin- G, nalidixic
acid and metronidazole. Least resistance was observed against
gentamicin, amikacin, and imipenem (0%) (Figure 2).

Table 1. Summary of growth of the isolates on selective media

Analysis of survey according to the questionnaire: The Majority
of the patients were female with a percentage of 62, while the
percentage of male patients was 38 (Figure 3). From the
percentage distribution of age groups of oral cancer patients, it
can be seen that oral cancer is more prevalent in the age group of
40-70 (Figure 4). The geographical distribution of oral cancer
patients (Figure 5) has shown that the highest number of cancer
patients from this survey belonged to the Greater Mymensingh
zone. The distribution of predisposing factors in oral cancer
patients (Figure 6) has shown that almost 90% of patients had
regular uptake of betel nut and betel leaf.

Patient status Media
Cetrimide EMB
Colony appearance Colony appearance
Green Lightgreen Nogrowth  Purple/pinkmucoid Greensheen Colorlesslush ~ Nogrowth
Post-op 5 2 4 6 - - 5
Pre-op 18 2 8 30 4 8 8
Controlgroup - 2 38 1 1 - 38
Table 2. Identification of isolates from biochemical test results
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Figure 1. Antibiotic susceptibility pattern of the isolates (cancer patient group).
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Figure 5. Geographical distribution of the study population. Figure 6. Distribution of predisposing factors in the study
population.
Discussion patients. Opportunistic bacteria selectively colonize in the sites

The study aimed to isolate and identify a range of opportunistic ~ Of ulceration in oral cavity cancer patients which result in a
gram-negative bacteria from the ulcerative lesions of oral cancer ~ nhegative impact in the healing of those ulcer sites. The study
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represents the prevalence of gram-negative bacilli on oral cavity
cancer sites and their emerging resistance patterns against
different classes of antibiotics.

It is important to have knowledge of the type of pathogens that
inhabit the oral cavity to prevent dental diseases as well as the
associated systemic complications caused by them!“. Due to the
heterogeneous nature of the oral tissues and structures, it provides
a diverse ecological habitat to the oral microorganisms that are
distributed in various parts of the oral cavity along with the
mucosal surfaces, teeth and saliva'®. The organisms that were
screened in this study from both the control group and test group
were Pseudomonas species, Klebsiella species, Escherichia coli,
and Proteus species. These opportunistic pathogens infect the
host taking advantage of the weakened immune system, altered
microbiota or damaged integumentary system. Drug-resistant
opportunistic infections may cause health problems in
immunocompromised hosts !, thus it creates various complexities
in oral cancer patients.

In the performed study, among the 80 Gram-negative bacteria
isolated from the 50 cancer patients, the most prevalent was
Klebsiella spp. (48%). In several studies, it was found out that 3-
7% of nosocomial infections were due to this species!’. Among
immunosuppressed people such as cancer patients, an increasing
rate of pneumonia infection has been observed'®. In the samples
from post-operative patients, the percentage of Klebsiella sp.
isolates was higher than in pre-operative patients. Again, this
shows evidence of hospital-associated infections since K.
pneumoniae is often spread by the hands of health care workers
or contaminated medical devices!®. Moreover, antibiotic
treatment amplifies the risk of K. pneumoniae infection?.

In the conducted study, out of 50 swab samples from cancer
patients, Pseudomonas had a prevalence of 36%. This value
shows similarity with another study conducted in Western
European hospitals where P. aeruginosa was one of the most
common organisms, constituting 29% of all Gram-negative
isolates?!. However, in regards to isolates from pre-operative
patients, the percentage of Pseudomonas was higher in this study.

The next most prevalent organism was Proteus species with a
percentage of 10. Apart from the normal flora, Proteus is also
found in several environmental habitats, including long-term care
facilities and hospitals. A study has shown that Proteus infections
generally occur as community-acquired infections, ninety percent
of which is caused by P. mirabilis*>.

In this study E. coli, 5% of the isolates belonged to this bacteria
.Although E. coli is reported as one of the most major causes of
nosocomial infections, in this study the E. coli isolates were only
found in pre-operative patients.

In comparison, 40 swab samples were collected from the control
group consisting of healthy volunteers, from where only 4 bacteria
were isolated including 2 Pseudomonas spp., 1 Klebsiella spp.
and 1 E. coli isolate. The presence of these microbes in the control
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group indicates probabilities of lack of practicing good oral
hygiene. The bacterial isolates obtained from the control group
could be sourced to the dental plaque??. Accumulation of these
microbes in the oral cavity can also be attributed to some diseases
or conditions that perturb the balance of the host immune system
and have an effect on the host oral microbiota.

In contrast, positive results can be observed from the control
group due to several factors. In a similar study, it was reported
that immunocompromised patients with hematological
malignancies showed that the prevalence of Enterobacteriaceae
in the oral cavity was significantly higher?*. This indicates
possible reasons for the vast difference in the percentage of
prevalent microbes isolated from oral samples of both the groups.
The pro-inflammatory nature of oral cancers permits the growth
of opportunistic pathogens in the oral cavity after the alteration
of normal microbiota?®. In patients subjected to radiotherapy,
oral colonization and infection to opportunistic pathogens are
observed?®.

After assessing the results from antibiotic susceptibility testing,
it was shown that all the isolates from cancer patients were
resistant to Penicillin group antibiotics, which included
amoxicillin and penicillin G. Similar results were observed for
the antibiotics from glycopeptide (vancomycin) and lincosamide
(clindamycin) groups. Moreover, all the isolates showed
resistance against the metronidazole antibiotic. These emerging
problems of antibiotic resistance in opportunistic pathogens can
cause infectious morbidity among some groups of immune-
compromised patients.

Gram-negative aerobes such as Enterobacteriaceae are inherently
resistant against clindamycin due to their impervious structure
of the cell wall. Virtually all the anaerobic Gram-negative rods
are known to be susceptible to metronidazole?’. In contrast, in
this study, all the microbial isolates from both cancer patients
and the control group showed resistance against metronidazole
antibiotics. The appearance of metronidazole resistance in
microbial species that recovered from dental infections was noted
in a similar study?®. This emerging resistance of Gram-negative
bacteria against metronidazole can be defined by the occurrence
of specific resistance genes (nim) which code for an alternative
set of enzymes that can convert activated forms of metronidazole

into non-toxic derivatives”.

In terms of azithromycin, the second-highest resistance pattern
was observed among the isolates with a percentage of 86.25.
Although azithromycin has been considered to be very effective
against Enterobacteriaceae infections’, mutations in the outer
membrane of Escherichia coli were reported to decrease the MICs
of azithromycin3!.

About 21% of the total isolates from this study showed resistance
against imipenem. This is lower compared to many studies where
the resistance level was found up to 57%?32. The quinolone showed
a higher efficiency profile against the gram-negative pathogens,
having a susceptibility percentage of 72.5 to ciprofloxacin. This
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is in contrast to the study carried out in India** where 82% and
96% of the Enterobacteriaceae isolates were resistant to
ciprofloxacin and gentamicin respectively. In this study, the
isolates exhibited the least resistance against amikacin (6.25%)
and gentamicin (7.5%), both of which belong to the
aminoglycoside group of antibiotics. The aminoglycosides,
especially amikacin, remain the drugs active against the largest

number of Klebsiella strains34.

The rapid evolution of bacteria has been contributing to microbial
drug resistance which has a relevant impact in terms of morbidity,
mortality and healthcare-associated costs™.

Regarding the antibiotic resistance, combination therapy of
antibiotics can be a suitable alternative to treat the opportunistic
gram-negative bacteria. Moreover, the genes responsible for the
resistance should be investigated via molecular techniques. Most
importantly, that would allow faster detection of antibiotic
resistance. Hence, it will provide a quicker administration of the
most suitable drug.
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