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Abstract
Bile is aseptic; under conditions of no external influx, there is a less than 30% chance of isolating bacteria even in acute cholecystitis.
This study was conducted to evaluate the incidence of biliary microflora and most common biliary microflora and resistance to
antibiotics in patients with cholecystitis, as well as predict situations that do not require the use of prophylactic antibiotics.
Bile samples were collected for culture using standard methods during all cholecystectomies performed from January 2015 to

December 2015 in the Department of Surgery, Pusan National University Hospital. A total of 366 laparoscopic cholecystectomies
were performed during the study period. In 215 patients, bile culture was performed and cultures were positive in 54 cases.
Prophylactic antibiotics with 2nd-generation cephalosporin were administered once 30minutes before surgery. According to the
results of bile culture, patients were divided into 2 groups, culture-negative and culture-positive groups. Preoperative, intraoperative,
and postoperative factors were compared between groups.
The culture positive group was older (P= .000). The number of patients with performance of endoscopic retrograde

cholangiopancreatography (ERCP), performance of percutaneous transhepatic gallbladder drainage (PTGBD), presence of
symptoms, presence of operative complications, and hospital stay was significantly higher in the culture-positive group than in
culture-negative group. In multivariate analysis of factors associated with positive culture, age, ERCP, and symptoms were
independent factors affecting positive bile culture. Eighty-five bacteria were identified in 54 patients. Escherichia coli and Klebsiella
were common in gram-negative bacteria. Enterococcus was the most common in gram-positive bacteria. Less than 5% resistance
was observed against carbapenem, beta-lactam antibiotics, glycopeptide antibiotics, and linezolid.
The bile of patients with laparoscopic cholecystectomy may contain microorganisms, particularly elderly patients, those with

symptoms, and those who undergo preoperative ERCP. When ERCP was performed, multiple bacteria culture-positive results were
more likely to be found. Although carbapenem, beta-lactam antibiotics, glycopeptide antibiotics, and linezolid may be suitable
prophylactic antibiotics, additional studies of the clinical aspects of culture-positive bile is needed to determine the importance of
bacterial growth in bile.

Abbreviations: BMI = body mass index, ERCP = endoscopic retrograde cholangiopancreatography, PTGBD = percutaneous
transhepatic gallbladder drainage.
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antibiotics

1. Introduction bacteria in the bile may increase the risk of adverse intra- and
With the development of laparoscopic techniques, laparoscopic
cholecystectomy has become a standard procedure. Several
studies of the postoperative course have demonstrated that this
procedure is relatively safe, with complications occurring in 35 to
6%of cases (mainly biliary injuries and surgical site infections).[1]

Acute cholecystitis and emphysematous cholecystitis are known
to increase the incidence of complications and, to some extent,
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post-operative outcomes.[2] Therefore, the role of prophylactic
antibiotics in cholecystectomy may be related to the extent of
bacterial proliferation in the bile, making the choice of
prophylactic antibiotic, if any, for cholecystectomy a controver-
sial issue.[3,4] Bactibilia is a risk factor for poor operative
outcome; if it can be recognized before surgery, patients who do
not require prophylactic antibiotics can be identified.
Previous studies investigated the effects of bactibilia on acute

cholecystitis, while a few studies have examined uncomplicated
gallstone disease or cholecystectomy after endoscopic retrograde
cholangiopancreatography (ERCP). This study was designed to
evaluate the incidence of biliary microflora and most common
biliary microflora and resistance to antibiotics in patients
performed laparoscopic cholecystectomy, as well as to determine
predictors of situations that do not require the use of prophylactic
antibiotics.

1. Methods

1.1. Study group

All patients undergoing laparoscopic cholecystectomy from
January 1, 2015 to December 31, 2015 in the Department of
Surgery at Pusan National University Hospital in Busan, Korea
were included in the study. A total of 366 laparoscopic
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Table 1

Comparative analysis of the patients in the culture-negative and
culture-positive group.

Culture negative
(n=161)

Culture positive
(n=54) P

Sex 1.000
Male 78 26
Female 83 28

Age, ys 52.06±12.90 65.46±10.85 .000
BMI 24.58±3.50 23.79±3.07 .120
ERCP .000
Yes 6 20
No 155 34

PTGBD .006
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cholecystectomy procedures were performed during the study
period. Except for cases in which bile was not obtained during
surgery, bile culture was performed for 215 patients. Preopera-
tive diagnosis included all cases of cholecystectomy, including
acute and chronic cholecystitis, cholecystectomy after removal of
common bile duct stone with ERCP, and cholecystectomy after
percutaneous transhepatic gallbladder drainage (PTGBD). Pro-
phylactic antibiotics with second-generation cephalosporin were
administered once 30minutes before surgery. Oral antibiotics
were not used. This retrospective study was approved by the
institutional review board at Pusan National University Hospital
Clinical Trial Center (IRB No. H-1801-019-063), and written
informed consent was obtained from all participants.
Yes 4 7
No 157 47

Symptom .000
Yes 78 46
No 83 8

Complication .015
Yes 0 3
No 161 51

Hospital day 4.80±1.78 6.64±4.28 .000

BMI=body mass index, ERCP= endoscopic retrograde cholangiopancreatography, PTGBD=
percutaneous transhepatic gallbladder drainage.
1.2. Bile culture techniques

Intraoperative biliary samples were collected under aseptic
conditions at the time of operation for bacteriologic examination.
The cultures were carefully evaluated for aerobic, anaerobic, and
fungal organisms by routine biochemical reactions. Different
panels of antimicrobials were used depending on the type of
organism isolated, and the results were reported as susceptible,
intermediate, or resistant according to the Clinical and
Laboratory Standards Institute document M47-A (2007),
principles and procedures for blood cultures.
1.3. Data collection

Preoperative data included sex, age, body mass index (BMI),
presence of ERCP, presence of PTGBD, and symptoms.
Operative and postoperative data included operative complica-
tions, length of hospital stay, and result of aerobic and anaerobic
cultures. The types of cultured bacteria were examined, and data
were also collected for antibiotic resistance in each species. All
collected information was entered into a database as either
continuous (quantitative data) or categorical (quantitative data)
variables. According to the results of bile culture, culture-negative
and culture-positive groups were divided into 2 groups, which
were compared according to preoperative, intraoperative, and
postoperative factors.
1.4. Statistical analysis

To compare the 2 groups, x2 analysis and Fisher exact test were
used when appropriate for qualitative data, and the student t test
(for normal variables) or Mann–Whitney U test (for non-normal
variables) for quantitative data. For multivariate analysis, the
logistic regression technique was applied. A probability of 0.05 or
less was accepted as statistically significant. SPSS version 23
(SPSS, Inc., Chicago, IL) was used for all statistical analyses.
Table 2

Mutivariate analysis of factors associated with positive culture.

Odd ratio 95% CI P

Age 1.106 1.064–1.150 .000
ERCP 7.649 2.101–27.841 .002
Symptom 6.256 2.391–16.368 .000

CI = confidence interval, ERCP= endoscopic retrograde cholangiopancreatography.
2. Results

All patients underwent laparoscopic cholecystectomy without
conversion to open surgery. Of the 215 patients, 161 (74.9%)
were culture-negative and 54 cases (25.1%) were culture-
positive. Three patients (1.4%) suffered from complications
such as 2 with wound problems and a retained CBD stone in the
culture-positive group. The culture-positive group was older
(P= .000). The number of patients with performance of ERCP
(P= .000), performance of PTGBD (P= .006), presence of
symptoms (P= .000), presence of operative complications (P
= .015), and hospital day (P= .000) was significantly higher in the
2

culture-positive group (Table 1). ERCP was performed in 26
cases and PTGBD in 11 cases before operation. Thirty of 54
patients visited the emergency room.
Multivariate analysis of factors associated with positive culture

showed that age, performance of ERCP, and presence of
symptoms were independent factors of positive bile culture
(Table 2).
The culture results are presented in Table 3. Eighty-five

bacteria were identified in 54 patients.
Escherichia coli and Klebsiellawere common in gram-negative

samples. Enterococcus was the most common in gram-positive
cases. Fungus was also cultured in 2 cases. E coli (20 cases) and
Enterococcus (20 cases) were the most frequently isolated
bacteria in the bile, followed by Klebsiella (13 cases), Enter-
obacter (6 cases), and Pseudomonas aeruginosa (4 cases)
(Table 3).
Table 4 shows the antimicrobial resistance results for each

bacteria strain. Bacteria were resistant to antibiotics of the 4th-
generation cephalosporin series in 13.7%of cases and resistant to
antibiotics from generations 1 to 3 in 20% or more of cases.
Fluoroquinolone and penicillin series resistance was also
observed in 20% of bacteria. Resistance rates of less than 5%
were observed against carbapenem, beta-lactam antibiotics,
glycopeptide antibiotics, and linezolid. Resistance rates of more
than 30% were observed against nitrofurantoin, penicillin,
cefazolin, levofloxacin, and ampicillin.



Table 3

Isolated bacteria from bile cultures.

Isolated bacteria Total number

Gram negative (n=55) Escherichia coli 20
Aeromonas hydrophila 2
Klebsiella 13
pneumonia 12
oxytoca 1

Enterobacter 6
cloacae 4
aerogenes 1
kobei 1

Proteus 3
mirabilis 1
vulgaris 1
penneri 1

Shewanella 2
algae 1
putrefaciens 1

Citrobacter freundii 2
Pseudomonas aeruginosa 4
Streptophomonas maltophilia 1
Raoultella ornithinolytica 1
Morganella morganii 1

Gram positive (n=28) Enterococcus 20
faecium 11
faecalis 4
gallinarum 3
caseliflavus 1
avium 1

Streptococcus 5
viridans 1
anginosus 4

Staphylococcus aureus 1
Lactobacillus plantarum 2

Fungus (n=2) Candida glabrata 1
albicans 1

Table 4

Antibiotics resistance in isolated bacteria.

Total no.
(resistance case/total)

% of
cases

Ciprofloxacin 17/74 23.0
Gentamycin 7/74 9.4
Imipenem 3/56 5.4
Piperacillin/Tazobactam 10/53 18.9
Amikacin 0/52 0
Cefotaxime 8/52 15.4
Ceftazidime 10/52 19.2
linezolid 1/24 4.1
Nitrofurantoin 8/19 50
Penicillin 7/23 30.
Teicoplanin 0/20 0
Tetracyclin 6/24 25
Trimethoprim/sulfamethoxazole 7/51 13.7
Vancomycin 1/20 5
Aztreonam 9/49 18.4
Cefepime 7/51 13.7
Cefazolin 16/45 35.6
Cefoxitin 11/45 24.4
Ertapenem 2/47 4.3
Levofloxacin 8/22 36.4
Streptomycin 1/18 5.6
Ampicillin 16/46 34.8
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In 54 culture-positive samples, single bacteria-positive culture
was observed in 26 patients, while 28 patients had 2
concomitantly positive bile cultures. The number of patients
with lower BMI (P= .002), performance of ERCP (P= .002), and
presence of operative complications (P= .006) was significantly
higher in the multiple strain group according to univariate
analysis (Table 5).
3. Discussion

Laparoscopic cholecystectomy can be safely performed even if a
drainage procedure is performed first. Bactibilia is one of themost
important causes of acute cholecystitis, and thus is the main
target of therapy. Positive bile culture rates range from 9% to
42% in electively resected gallbladders; in cases of acute
cholecystitis, its incidence is from 35% to 65%.[2,5–7] In this
study, a positive bile culture was observed in 25% of cases. The
results of this study are comparable to those of previously
reported studies.
In previous studies, E coli, Enterococcus, and Klebsiella

predominated among pathogens in positive cultures.[2,7,8] In this
study, E coli, Enterococcus, and Klebsiellawere the predominant
causes of positive bile culture, which agrees with previously
published studies. Hoed et al[9] reported that multiple strain bile
cultures represented approximately 40% of positive bile cultures.
3

Multiple strain bile cultures were detected in 28 (51.9%) patients
in this study. Low BMI, previous ERCP, and operative
complication were related to multiple strain bile cultures in
univariate analysis.
Mahafzah et al[8] demonstrated that significant predictors of

positive bile culture in patients undergoing laparoscopic
cholecystectomy were age and preoperative ERCP according
to multivariate logistic regression analysis. In our study,
multivariate analysis of factors associated with positive culture
showed that age, performance of ERCP, and presence of
symptoms were independent factors associated with positive
bile culture. This result is consistent with those of previous
studies. The positive bile culture after preoperative ERCP likely
occurred because of sphincterotomy and ascending infection of
the bile duct because of the direct connection between the
duodenum and biliary tree; biliary drainage leaves free access to
bacteria and food debris to move into the biliary tree through the
stent, possibly resulting in bile contamination.[8,10] Furthermore,
some of these patients have common bile duct stones, similar to
associated morbidities, representing a risk factor for bile
infection.[11,12] Previous studies also reported that the rate of
bile contamination in patients with biliary drainage ranges from
30% to 98%, while infected bile is observed in only 7% to 41%
of patients without preoperative biliary drain.[10,13–15]

Darkahi et al[7] reported that a positive culture was the only
factor significantly associated with the risk of post-operative
infectious complications in multivariable logistic regression
analysis, while Mahafzah et al[8] found that it does not influence
the occurrence of post-operative septic complications. In this
study, the number of patients with lower BMI, performance of
ERCP, and presence of operative complication was significantly
higher in the multiple strain group based on univariate analysis.
These results indicate that even with ERCP, culture-positive and
multiple concomitantly positive bile cultures are high. Thus, the
incidence of infectious complications may be higher when
performing cholecystectomy after ERCP.
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Table 5

Comparative analysis of the patients in the single strain and
multiple strain group.

Single strain
(n=26)

Multiple strain
(n=28) P

Sex .793
Male 12 14
Female 14 14

Age, ys 63.35±10.76 57.43±10.77 .170
BMI 25.12±3.28 22.59±2.34 .002
ERCP .002
Yes 4 16
No 16 12

PTGBD .423
Yes 2 5
No 24 23

Symptom .135
Yes 20 26
No 6 2

Complication .006
Yes 1 2
No 25 27

Hospital day 6.65±4.72 6.64±3.92 .993

BMI=body mass index, ERCP=endoscopic retrograde cholangiopancreatography, PTGBD=
percutaneous transhepatic gallbladder drainage.
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The role of prophylactic antibiotics in laparoscopic cholecys-
tectomy in low-risk patients is controversial.[3,7,12,16] This issue
remains controversial, as some studies recommended antibiotic
prophylaxis, particularly for high-risk patients. Because this
study used prophylactic antibiotics in all patients, it is difficult to
determine the efficacy of prophylactic antibiotics. Although
positive bile culture was not associated with postoperative
complications, the use of prophylactic antibiotics in patients
undergoing ERCP may reduce postoperative infectious compli-
cations. According to bile culture results, carbapenem, beta-
lactam antibiotics, glycopeptide antibiotics, and linezolid were
the most suitable antibiotics, but are limited to actual clinical
applications. Notably, 30% of strains were resistant to
commonly used prophylactic antibiotics. Therefore, an accept-
able approach may be to limit prophylactic antibiotics to patients
with risk factors for bile infection. In addition, in choledocho-
lithiasis patients without cholangitis, cholecystectomy might be
performed first to prevent culture-positive infection and prevent
future infectious complications.

4. Conclusion

In conclusion, the bile of patients with laparoscopic cholecystec-
tomy may contain microorganisms, particularly elderly patients,
those with symptoms, and those who undergo preoperative
ERCP. This study indicates that even with ERCP, culture-positive
and multiple concomitantly positive bile cultures are high.
4

Therefore, the use of prophylactic antibiotics in patients
undergoing ERCP may reduce postoperative infectious compli-
cations.
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