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ABSTRACT
Objective: To observe and compare benign and premalignant histological changes induced by Escherichia coli 
(E. coli) and Klebsiella pneumoniae (K. pneumoniae) in gall bladder mucosa having Pigment stones.
Study Design:  Cross sectional comparative study.
Place and Duration of Study: This study was conducted at the department of Anatomy in collaboration with the 

th thdepartment of Surgery, Al Nafees Medical College and Hospital (ANMC) from 14  November 2017 to 18  
December 2019.
Materials and Methods: Out of total cholecystectomy specimens collected during study duration, only thirty 
gallbladder specimens having Pigment stones and bile culture positive for E. coli or K. pneumoniae were 
obtained. They were divided into two groups comprising fifteen specimens each (n=15). Group 1 had bile 
culture positive for E. coli, while group 2 was positive for   K. pneumoniae. All specimens were processed in 
automated tissue processor after tissue processing. Paraffin embedded sections were stained with 
Haematoxylin and Eosin stain. Slides were examined by consultant pathologist under light microscope. 
Premalignant histological lesions included hyperplasia, metaplasia and dysplasia. Chi square was applied to 
compare the statistical association of histological lesions between group 1 and 2. 
Results: Histopathological analysis revealed that hyperplasia, metaplasia and dysplasia in group 1 and group 2 
were found to be statistically insignificant with p values of p= 0.715, p= 0.464 and p= 0.1 respectively. 
Conclusion: The histological patterns of benign and premalignant findings in both group 1 and group 2 showed 
minimal variation. Although this study did not observe any progression of premalignant lesions to carcinoma, 
the eradication of bacteria remains crucial to prevent the development of histopathological lesions in the 
gallbladder.
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gallbladder range from cholelithiasis on one side of 
spectrum and carcinoma on another end. Its 

2
malignancy is always fatal.  Gall bladder cancer is the 
most common cancer of biliary tract and fifth most 
common cancer among gastrointestinal tract related 

3 stcancers.  It is ranked 21  most common cancer 
worldwide in terms of mortality. On gender basis, 
females are three time more affected by gallbladder 
cancer than male. Both benign and malignant 
diseases of gallbladder may have   bacterial 

4
infections as an underlying cause. Chronic bacterial  
infections, polyps, and other conditions are among 

5  
well-established risk factors for gallbladder cancer .
The frequent bouts of gallbladder epithelial injury 
and healing encourage a backdrop of chronic 
inflammation that leads to increasing morphological 
abnormalities through a sequential cascade of 

6metastas is-dysplas ia  t i l l  carc inogenesis .  
Helicobacter and Salmonella species are established 
risk factors for gastric cancer and gallbladder 

Introduction
Gall bladder is an organ connected to the 
hepatobiliary system. Simple columnar epithelium 

1 lines its perimeter. The lamina propria and 
muscularis externa are located underneath the 
epithelium. Submucosa and muscularis mucosae are 
absent. The histopathological diseases found in 
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5
dysplasia.  Certain virulent strains E. coli and 
Klebsiella are currently being investigated for their 
role in colorectal cancer. E. coli and Klebsiella species 
along with Enterobacter and Enterococcus are 
frequently found in bile cultured from gallbladder 
specimens having cholelithiasis and cancer but their 
association with histopathological lesions is yet not 

7clear.  E. coli and klebsiella have a tendency to alter 
the normal histology of the gallbladder by producing 
beta glucuronidase and phospholipase. They 
encourage the formation of gallstones and their 
presence in bile may result in premalignant changes 

8
in the gallbladder.  The objective of this study was to 
compare   benign and premalignant histological 
changes induced by E. coli and K. pneumoniae 
species in gall bladder mucosa, having Pigment 
stones. Gallbladder cancer is complex disease with 
poor prognosis and worst outcomes.  If bacterial 
toxins produced by chronic bacterial infection are 
responsible for carcinogenesis, eradication of 
causative microbes by antibiotic therapy is essential 
in order to prevent chronic illnesses and patient 

9health care.  So, the rationale was to identify the 
bacterial risk factors linked to gallbladder cancer 
before creating preventive and therapeutic 
strategies.

Materials and Methods
It was cross sectional comparative study conducted 
at the department of Anatomy in collaboration with 
the department of Surgery at ANMC and hospital 
from 14th November 2017 to 18th Dec, 2019. A total 
of thirty(n=30) gallbladder specimens were selected 
out of cholecystectomy specimens collected during 
study duration based on selection criteria of pigment 
stones and bile culture positive for E. coli or K. 
pneumoniae. The sampling technique was 
convenient sampling. The study protocol was 
approved by Ethical Review Committee Board (ERCB) 
vide their letter dated F.2/IUIC-ANMC/EC-94/2015. 
The inclusion cr iter ia  were based upon 
cholecystectomy specimens having pigment stones 
and bile culture positive for E. coli or K. pneumoniae. 
Patients of male and female genders with mean age 
of 44+5 were selected for study purpose with 
informed consent. Patients diagnosed with biliary 
malignancy, prior biliary surgical procedures and 
gallbladder specimens with cholesterol stones were 
excluded from studies. 4-5 ml of bile was aspirated 

from each gallbladder sample by sterile syringes. Bile 
was subjected to gram staining procedure, bile 
culture and Analytical Profile Index (API 10s) to 
identify gram negative bacteria i.e. E. coli or K. 
pneumoniae. Thirty gallbladder specimens having 
Pigment stones were divided into two groups. 
Gallbladder specimens with Pigment stones were 
collected from patients after cholecystectomy 
having concomitant biliary infection with E. coli were 
included in Group 1 (n=15). Gallbladder specimens 
with Pigment stones were collected from patients 
after cholecystectomy having concomitant biliary 
infection with K. pneumoniae species. Were 
included in Group 2 (n=15). Longitudinal sections of 
gall bladder tissue were removed from body and 
fundus of gallbladder and fixed in 10% formalin for 
further tissue processing. Haematoxylin and Eosin 
stain (H & E) were used to study benign and 
premalignant histological lesions and dysplasia of 
gallbladder specimens in both group 1 and 2 under 
light microscope. Benign histological lesions 
observed were Hyperplasia (Increased number of 
cell production in normal tissue). Diffuse or local 
hyperplasia was noted in any gallbladder tissue 
section. Premalignant histological lesions observed 
were Metaplasia (conversion of one cell type into 
another) and Dysplasia (Presence of abnormal cells  
within a tissue). Pyloric (resembling pyloric glands) 
or intestinal metaplasia (showing goblet cells) was 
observed in each gallbladder tissue section. Low 
grade dysplasia showing stratification of epithelial 
cells and hyperchromatic nuclei was also noticed. 
High grade dysplasia showed marked cellular 
disorganization, pleomorphism, loss of polarity and 
increased mitosis of epithelium under light 
microscope. Both Benign and premalignant 
histological lesions of gallbladder compromise 
spectrum of chronic cholecystitis and gallbladder 

10cancer.  The benign and   premalignant histological 
lesions like hyperplasia, metaplasia and dysplasia in 
groups 1 and 2 were observed and compared with 
each other. The chi-square test or Fisher's exact test  
for categorical variables in group 1 and 2. A p value of 
<0.05 was considered statistically significant. All 
statistical analyses were performed by using SPSS 
version 22.

Results             
Hyperplasia whether diffuse or focal was observed in 
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gallbladder tissue under high power lens (10x40). 
Hyperplasia was present in 8 out of 15 (53%) percent 
of gallbladder specimens in Group 1. Hyperplasia 
was present in 7 out of 15(47%) percent of 
gallbladder specimens in group 2. Metaplasia was 
observed in gallbladder tissue   under high power 
lens (10x40). Metaplasia was present in 9 out of 
15(60%) percent of gallbladder specimens in group 
1. Metaplasia was present in 47% (7 out of 15) 
percent of gallbladder specimens in group 2.  
Dysplasia was observed in gallbladder tissue under 
high power lens (10x40).  Low grade focal dysplasia 
was present in 1 out of 15 (7%) of gallbladder 
specimens in group 1. Low grade focal dysplasia was 
present in 7% (1 out of 15(7%) of gallbladder 
specimens in group 2. There was no statistically 
significant association between benign and 
premalignant histological lesions of group 1 and 2.

Discussion
E. coli and K. pneumoniae were the most common 
bacteria in bile cultured from cholecystectomy 
specimens. Numerous regional and international 
studies support our findings that E. coli and K. 
pneumoniae are the most common bacteria isolated 

11
from bile.  Biliary bacteria in more predominantly 

12,13present in gallbladder having pigment stones.  
Hyperplasia was present in higher proportion i.e. 
53% in group 1 gallbladders infected with E. coli but 
was statistically insignificant in both groups 1 and 2. 
Similarly, metaplasia was found in higher percentage 
i.e.60% in group 1 but was statistically insignificant in 
both groups. Low grade dysplasia was found only in 
single specimens of group 1 and 2.
Hyperplasia is a benign lesion frequently found in 
cholecystectomy specimens. It can be local, 
segmental, diffuse or annular. Adenomyomatous 
hyperplasia of the gallbladder is a benign condition 
characterized by hyperplasia of the gallbladder wall 
mucosa and muscularis propria with hallmark 
epithelial invaginations forming cystic pockets 
known as Rokitansky-Aschoff sinuses. This peculiar 
type of hyperplasia can mimic gallbladder cancer and 
present diagnostic challenge for health providers. 

Table I: Demographic Data

Table II: Premalignant Histological Lesions Observed in  
Gall Bladder Specimen of Group 1(E. Coli) and Group 2 (K. 
Pneumoniae)

Figure 1: Photomicrograph Showing Gallbladder 
Specimen Having Hyperplasia (H&E stain) (Specimen 
No.6 of Group 2) (10x) 

Figure 2: Photomicrographs Showing Gallbladder 
Specimen Having Metaplasia (H&E Stain). (Specimen 
No.5 of Group 1 (10x) 

Figure 3: Photomicrographs Showing Low Grade 
Dysplasia in Gall Bladder (H&E stain ,10x) 
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Hyperplasia is frequently in chronic inflammations of 
14,15gallbladders.  

Metaplasia of both types i.e. pyloric and intestinal is 
found in histopathological lesions of chronic 

16
cholecystitis.  Pyloric gland metaplasia in found in 
association with bacterial infections, old age and 
gallstones. Intestinal metaplasia is less common of 
both types but with increased risk association for 

17
gallbladder cancer.  Bacterial infections with chronic 
cycle of inflammation and repair tend to increase 

18,19
metaplasia of gallbladder.
Dysplasia is the second last step in development of 

2 0
gallbladder cancer following metaplasia.  
Depending on other factors, whether gallbladder 
cancer eventually develops or not, dysplasia is 
incidental finding in bacterial cholecystitis. Low 
grade dysplasia is usually focal. High grade dysplasia 
is significantly related to adenocarcinoma of 
gallbladder.
Bacterial role has been implicated in many 
histopathological lesions of gastrointestinal tract 

21,22
leading to cancers.  H. pylori is a well-known and 
well-established risk factor for gastric cancers. It is 
responsible for the production of toxins, reactive 
oxygen species and inflammatory gastritis. Each 
component directly or indirectly contributes to 

23altering normal host cellular pathways.  Salmonella 
species was recently declared as risk factor for 
gallbladder cancer by researchers. In chronic stages 
of cholecystitis, it releases toxins responsible for 

24damaging DNA of host cells.  Similarly, Chlamydia 
24 

infection is considered as risk factor for lung cancer.
Fusobacterium species is considered carcinogenic 

24
bacteria for colorectal cancers.  Certain pathogenic 
of E. coli modify host cell immune mechanism by 
virulence factors and inflammatory pathways in 
colorectal cancers. They can lead to altered cellular 

25
growth.  This role of bacterial infections in 
gastrointestinal diseases prompted our interest to 
explore the role of E. coli and K. pneumoniae infected 
bile and histopathological lesions of gallbladder in 
their presence.
In our study, the mean age of patients was 44 + 5 
years. Hyperplasia was more prevalent in Group 1 
but not statistically significant. Supporting are 
findings are observation of hyperplasia in Pylori 

26infected bile albeit to a lesser extent.  As 
comparison, one more study found hyperplasia to a 

27
lesser percentage in H. pylori bile positive samples.  
One Indian study found hyperplasia to be prevalent 

28
in majority of cases.  One study demonstrated 
statistical association between degree of fibrosis and 

29   
H. pylori. This difference of more prevalence of 
hyperplasia in our study might be due to chronic 
stage of cholecystitis.
In our study metaplasia was more in group 1 as 
compared to group 2. Both of them were statistically 
not significant. In both groups, metaplasia was found 
in higher percentage overall as compared to one 

27 study conducted in Pakistan. The study conducted 
in Pakistan only showed metaplasia only in 3% of H. 
Pylori positive gallbladder specimens. One study in 
India showed no metaplasia in H. Pylori infected 

29 
gallbladder. One study showed both pyloric and 
intestinal metaplasia to larger percentage in H. pylori 
infected gallbladder specimens supporting our 

30findings.  Differences of metaplasia proportion in 
our study and other studies might be due age, sex 
and chronic phase of cholecystitis.
In our study, low grade focal dysplasia was present in 
single specimen both groups 1 and 2 but statistically 
insignificant. Dysplasia being incidental finding was 

27 not reported in one study conducted in Pakistan and 
29

other in India.  One study conducted in Turkey found 
30low grade dysplasia in 2% of gallbladder specimens.

In our study, although statistically insignificant but 
benign and premalignant histopathological lesions 
are observed in gallbladder having Pigment stones 
and bile infected with E. coli or K. pneumoniae. Exact 
pathological mechanisms and virulence factors of E. 
coli and K. pneumoniae contributing to gallbladder 
lesions is poorly understood due to paucity in 
research. They have carcinogenic potential for 
premalignant lesions in gallbladder like salmonella is 
not known till date. Our limitations of research study 
are primarily due to fact that it is observational study. 
A definite link from premalignant lesion to dysplasia 
cannot be established only with bile having E. coli or 
Klebsiella species. Molecular, host cell genetics and 
virulence factors of pathogenic strains of E. coli and 
Klebsiella need to be studied and explored on 
research basis to assess their risk.

Conclusion
The histological patterns of benign and premalignant 
findings in both group 1 and group 2 showed minimal 
variation. Although this study did not observe any 
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progression of premalignant lesions to carcinoma, 
the eradication of bacteria remains crucial to prevent 
the development of histopathological lesions in the 
gallbladder.

REFERENCES
1.  Saldinger PF, Bellorin-Marin OE. Anatomy, embryology, 

anomalies, and physiology of the Biliary Tract. Shackelford's 
Surgery of the Alimentary Tract, 2 Volume Set. 
2019;1249–66. doi:10.1016/b978-0-323-40232-3.00106-
0. 

2. Okumura K, Gogna S, Gachabayov M, Felsenreich DM, 
McGuirk M, Rojas A, et al. Gallbladder cancer: Historical 
treatment and new management options. World Journal of 
Gastrointestinal Oncology. 2021 Oct 15;13(10):1317–35. 
doi:10.4251/wjgo.v13.i10.1317. 

3. Rakić M, Patrlj L, Kopljar M, Kliček R, Kolovrat M, Loncar B, 
Busic Z. Gallbladder cancer. Hepatobiliary Surg Nutr 
2014;3(5):221-226. doi: 10.3978/j.issn.2304-3881.2014. 
09.03.

4. Halaseh SA, Halaseh S, Shakman R. A review of the etiology 
and epidemiology of gallbladder cancer: What you need to 
know. Cureus. 2022 Aug 22; doi:10.7759/cureus.28260. 

5. Tsuchiya Y, Mishra K, Behari A, Shukla P, Endoh K, Asai T, et 
al. Risk factors for gallbladder cancer development in 
northern India: A gallstones-matched, Case–Control Study. 
Indian Journal of Medical Research. 2021;154(5):699. 
doi:10.4103/ijmr.ijmr_201_19.

5. Zhao C, Liu S, Bai X, Song J, Fan Q, Chen J. A retrospective 
study on bile culture and antibiotic susceptibility patterns 
of patients with biliary tract infections. Evidence-Based 
Complementary and Alternative Medicine. 2022 Apr 
13;2022:1–11. doi:10.1155/2022/9255444. 

6.  Kapoor VK. Etiology and pathogenesis of gall bladder 
cancer. A Pictorial Treatise on Gall Bladder Cancer. 
2021;35–55. doi:10.1007/978-981-15-5289-2_4.

7.  Zhao C, Liu S, Bai X, Song J, Fan Q, Chen J. A retrospective 
study on bile culture and antibiotic susceptibility patterns 
of patients with biliary tract infections. Evidence-Based 
Complementary and Alternative Medicine. 2022 Apr 
13;2022:1–11. doi:10.1155/2022/9255444.

8.  Wang D, Ye A, Jiang N. The role of bacteria in Gallstone 
Formation. Folia Microbiologica. 2024 Jan 22;69(1):33–40. 
doi:10.1007/s12223-024-01131-w.

9.  Yusuf K, Sampath V, Umar S. Bacterial infections and cancer: 
Exploring this association and its implications for cancer 
patients. International Journal of Molecular Sciences. 2023 
Feb 4;24(4):3110. doi:10.3390/ijms24043110 .

10. Bojan A, Foia L, Vladeanu M, Bojan I, Plesoianu C, Plesoianu 
A, et al. Understanding the mechanisms of gallbladder 
lesions: A systematic review. Experimental and Therapeutic 
Medicine. 2022 Jul 29;24(3). doi:10.3892/etm.2022.11541 
k 6.

11. Zhu Q, Li MX, Yu MC, Ma QW, Huang MJ, Lu CW, et al. 
Altered microbiome of serum exosomes in patients with 
acute and chronic cholecystitis. BMC Microbiology. 2024 
Apr 20;24(1). doi: 10.1186/s12866-024-03269-6.

12.  Kim B, Park JS, Bae JW, Hwang N. Bile Microbiota in Patients 

with Pigment Common Bile Duct Stones. 2021 Jan 1;36(15). 
doi: 10.3346/jkms.2021.36.e94.

13.  Shiekh MR, Sheera T, Rashid SA, Sheera AH, Ahmad J. Study 
of bacterial aetiogenicity of pigment gall stones by culture 
of Nidus of calculus and correlation between stone culture 
and bile culture. JMS SKIMS. 2020 Sept 1;23(3). 
doi:10.33883/jms.v23i3.746.

14.  Shirale V, Kumar R, Goyal S, Punia J, Tyagi V, Pujani M. 
Evaluation of gallbladder mucosal changes about the type 
of stones in patients undergoing open cholecystectomy: A 
study of 184 patients. Asian Journal of Medical Sciences. 
2022 Apr 1;13(4):167–72. DOI: 10.3126/ajms.v13i4.42971.

15. Vadivazhagan K, Amitkumar K, Sudalaimuthu M. 
Quantitative Analysis of Mucin Expression Using Combined 
Alcian Blue-Periodic Acid Schiff (AB-PAS) Stain and 
Combined High Iron Diamine-Alcian Blue (HID-AB) Stain 
and the Correlation With Histomorphological Score in 
Chronic Calculous Cholecystitis. Cureus. 2022 Nov 29; doi: 
10.7759/cureus.32033.

16. Almas T, Murad MF, Khan MK, Ullah M, Nadeem F,  
Ehtesham M, et al. The Spectrum of Gallbladder 
Histopathology at a Tertiary Hospital in a Developing 
Country: A Retrospective Study. Cureus. 2020 Aug 9; doi: 
10.7759/cureus.9627.

17. Sharma S, Bhupinder Singh Walia, Randhawa M, Sharma A,  
Pankaj Dugg, Jiteshwar Singh Pannu. Histopathological 
changes in gall bladder mucosa in relation to the number, 
and size of gallstones, and analysis of the findings in the 
context of age distribution of the patients: A perspective. 
Annals   of  Hepato-Biliary-Pancreatic  Surgery. 2023 Aug 
7;27(3):277–86. doi: 10.14701/ahbps.23-010.

18. Shukla R, Tsuchiya Y, Behari A, Ikoma T, Nakamura K, Kapoor  
VK. Metagenomic analysis of biliary microbial flora in 
patients with gallbladder cancer or gallstones-associated 
chronic cholecystitis. Cancer Investigation. 2024 Jun 
7;42(6):478–90. doi:10.1080/07357907.2024.2361305.

19.  Choi SJ, Kim Y, Jeon J, Gwak HJ, Kim M, Kang K, et al. 
Association of Microbial Dysbiosis with Gallbladder  
Diseases Identified by Bile Microbiome Profiling. Journal of 
Korean Medical Science. 2021;36(28). doi: 10.3346/jkms. 
2021.36.e189.

20.  1. Roa JC, Basturk O, Adsay V. Dysplasia and carcinoma of 
the gallbladder: Pathological evaluation, sampling, 
differential diagnosis and clinical implications. 
Histopathology. 2021 May 6;79(1):2–19. doi:10.1111/his. 
14360. 

21.  Ağagündüz D, Cocozza E, Cemali Ö, Bayazıt AD, Nanì MF, 
Cerqua I, et al. Understanding the role of the gut 
microbiome in gastrointestinal cancer: A Review. Frontiers 
in Pharmacology. 2023 Jan 24;14. doi:10.3389/fphar.2023. 
1130562. 

22.  Mishra Y, Ranjan A, Mishra V, Chattaraj A, Aljabali AAA, El-
Tanani M, et al. The role of the gut microbiome in 
gastrointestinal cancers. Cellular Signalling. 2024 Mar;115: 
111013. doi:10.1016/j.cellsig.2023.111013.

23.  Salvatori S, Marafini I, Laudisi F, Monteleone G, Stolfi C. 
Helicobacter pylori and gastric cancer: Pathogenetic 
Mechanisms. International Journal of Molecular Sciences. 
2023 Feb 2;24(3):2895. doi:10.3390/ijms24032895. 

JIIMC 2024 Vol. 19, No. 3 Bacteria Induced Histological Changes in Gall Bladder Mucosa

155https://doi.org/10.57234/jiimc.september24.1939



24. Upadhayay A, Pal D, Kumar A. Salmonella typhi induced  
oncogenesis in gallbladder cancer: Co-relation and 
progression. Advances in Cancer Biology.Metastasis. 2022 
Jul;4:100032. doi:10.1016/j.adcanc.2022.100032. 

25.  Rezaee MA, Nouri R, Hasani A, Shirazi KM, Alivand MR, 
Sepehri B, et al. Escherichia coli and colorectal                     
cancer: Unfolding the enigmatic relationship. Current 
Pharmaceutical Biotechnology.2022  Aug;23(10):1257–68. 
doi:10.2174/1389201022666210910094827. 

26.  Saldanha P, Bashir S. A study of helicobacter pylori in 
chronic cholecystitis and gallbladder carcinoma.   MGM 
Journal of Medical Sciences. 2021;8(2):95. doi:10.4103/ 
mgmj.mgmj_9_21.

27. Khan SA, Mushtaq H, Razza A, Mustafa MN, Alam S.  
Association of Clinicopathological features of Cholecystitis 
with Helicobacter Pylori Infection in Gall Bladders. J 
Islamabad Med Dental Coll.2019; 8(3):117-122. doi: 
10.35787/jimdc.v8i3.403.

28. Shilpi Bhattacharya S, Mathur AV. American Journal of  
Surgery and Clinical Case Reports. 2022 Oct 21;5(13):1–8. 

29. Raza DrM, P DrH, Gawri DrA. Study of Association of H. 
Pylori infection of the gall bladder and calculous 
cholecystitis. International Journal of Surgery Science. 2022 
Jan 1;6(1):158–64. doi:10.33545/surgery.2022.v6.i1c.845.

30.  Ari A, Tatar C, Yarikkaya E. Relationship between 
helicobacter pylori-positivity in the gallbladder and 
stomach and effect on gallbladder pathologies. Journal of 
International Medical Research. 2019 Aug 22;47(10): 
4904–10. doi:10.1177/0300060519847345.

31. Sirin KucuK S, KucuK izzet G. The relationship between  
helicobacter pylori and gallbladder pathologies, dysplasia 
and gallbladder cancer.Acta Medica Mediterranea.2021 Jan 
20;3(37):2613–5. doi:DOI: 10.19193/0393-6384_2021_ 
5_403. 

CONFLICT OF INTEREST
Authors declared no conflicts of Interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
Authors have declared no specific grant for this 
research from any funding agency in public, 
commercial or nonprofit sector.

DATA SHARING STATMENT
The data that support the findings of this study 
are available from the corresponding author 
upon request.

This is an Open Access article distributed under the terms of the Creative Commons Attribution- Non-
Commercial 2.0 Generic License.

JIIMC 2024 Vol. 19, No. 3 Bacteria Induced Histological Changes in Gall Bladder Mucosa

156 https://doi.org/10.57234/jiimc.september24.1939


