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Background: Gram-negative bacteria are the predominant pathogens responsible for biliary infections; however, the prevalence of
Gram-positive bacteria is currently increasing. Investigating the bacterial spectrum and evolving antibiotic resistance patterns of Gram-
positive bacteria is crucial for optimizing the management of acute cholangitis, particularly in the context of the global rise in
antibiotic resistance.

Methods: This retrospective analysis focused on Gram-positive bacteria isolated from the bile of patients undergoing biliary drainage
with acute cholangitis at our hospital from January 1, 2018, to March 31, 2024. In total, 342 strains of Gram-positive bacteria were
examined.

Results: The main Gram-positive bacteria detected included Enterococcus (57.23%), Staphylococcus (23.41%), and Streptococcus
(13.01%). The most common species detected were Enterococcus faecium (36.42%), Enterococcus faecalis (14.16%), and
Staphylococcus epidermidis (7.80%). Trend analysis revealed a decrease in the proportion of Enterococcus and an increase in
Streptococcus. Additionally, the detection rate of methicillin-resistant Staphylococcus (MRS) showed a significant rise. Gram-
positive bacteria exhibited high resistance to erythromycin and penicillin but remained highly susceptible to linezolid and vancomycin.
Further, resistance to quinolones among Gram-positive bacteria was notably elevated.

Conclusion: The bacterial spectrum and antibiotic resistance patterns of Gram-positive bacteria in acute cholangitis have undergone
significant changes. Penicillin is not recommended for the treatment of Gram-positive bacterial infections. Antibiotic resistance should
be closely monitored when using quinolones. Particular attention is warranted regarding the markedly increasing antibiotic resistance
of Enterococcus faecium.
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Introduction

Acute biliary infection is a common clinical diagnosis, which can lead to severe infections and even death if not treated
quickly." Timely biliary drainage, rapid removal of causative factors, and combination with anti-infection treatment are
the recommended therapeutic approaches for this disease.” Currently, antibiotic resistance represents a significant global
challenge, and the early utilization of targeted narrow-spectrum antibiotics can help prevent the emergence of resistant
bacteria.”* In biliary infections, bile cultures demonstrate a significantly higher positivity rate than blood cultures.’
Therefore, obtaining bile for bacterial culture and susceptibility testing is considered the gold standard for guiding
antibiotic therapy.> Empirical anti-infection therapy is currently mainly against Gram-negative bacteria; however, studies
from various regions and countries indicate a shifting bacterial spectrum in bile, with a gradual increase in the detection
rate of Gram-positive bacteria.®’ In some cases, Gram-positive bacteria have emerged as the primary pathogens of
infections.®®° Concurrently, antibiotic resistance among these bacteria is evolving, potentially complicating clinical
management and presenting significant challenges to effective treatment strategies.
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The most common Gram-positive bacteria detected in the bile of patients with acute cholangitis are Enterococcus,
which mainly include Enterococcus faecium and Enterococcus faecalis. Guidelines recommend broad spectrum f-
lactams and B-lactamase inhibitors for the treatment of Enterococcus infections.'® However, recent research has indicated
a significant temporal increase in the resistance of Enterococcus to commonly used antibiotics, including penicillin and
ampicillin, posing challenges to effective therapy. Compared with Enterococcus faecalis, Enterococcus faecium has
stronger resistance to antibiotics,® such as penicillin (85.6% vs.6.8%), ampicillin (83.8% vs2.1%), high-concentration
gentamicin (41.5% vs 31%), levofloxacin (84% vs28.2%), vancomycin (3.7% vs0.1%), and linezolid (0.4% vs1.9%) and
tigecycline (0% vs0%).'! Enterococcus faecium demonstrates increasing resistance to erythromycin, penicillin, ampicil-
lin, and quinolones. In contrast, Enterococcus faecalis shows a decline in resistance to penicillin (14.8% vs 2.8%), with
no significant changes observed in its resistance to other commonly used antibiotics.'?

Staphylococcus is another major type of Gram-positive bacterium, with MRS representing a significant concern in
antibiotic resistance. In recent years, the isolation rate of MRS has surpassed 40% in certain regions of China.'> MRS
exhibits high resistance to macrolides, aminoglycosides, and quinolones, while maintaining high susceptibility to

vancomycin, linezolid, teicoplanin, and tigecycline.'*">

1 . .
6 Linezolid

A majority of Gram-positive bacteria are highly sensitive to linezolid (97%) and vancomycin (89.1%).
serves as the last line of defence against Gram-positive bacterial infections. However, with its widespread clinical use in
recent years, there has been a growing number of reports documenting the emergence of resistance to linezolid among
Gram-positive bacteria.'”'®

Empirical therapy currently serves as the primary approach for managing acute cholangitis in clinical practice. Due to
the predominant role of Gram-negative bacteria in acute cholangitis, Gram-positive bacteria often receive limited
attention. Patients with suspected Gram-positive bacterial infections are frequently treated with broad-spectrum anti-
biotics in the absence of targeted therapy. Existing studies on Gram-positive bacteria primarily utilize samples from
sputum, urine, secretions, and blood, with limited focus on bile samples. In the present study, antibiotic susceptibility
data of Gram-positive bacteria isolated from the bile of patients with acute cholangitis were analysed. The distribution,
temporal changes in distribution, antibiotic resistance patterns, and resistance trends of Gram-positive bacteria in bile
were examined. These findings provide an evidence-based framework for optimizing anti-infective therapy in cases of

cholangitis caused by Gram-positive bacteria.

Methods

Data were collected from patients at our hospital from January 1, 2018, to March 31, 2024. Inclusion criteria: (1)
Conformity to the diagnostic criteria for acute cholangitis. (2) Underwent biliary drainage procedures, such as endoscopic
retrograde cholangiopancreatography (ERCP), percutaneous transhepatic cholangial drainage (PTCD), or biliary tract
incision drainage. (3) Presence of Gram-positive bacterial infections confirmed by bile cultures. Exclusion criteria: (1)
Use of antibiotics for more than 3 days prior to surgery. (2) Positive bile cultures for Gram-negative bacteria or fungi
(Figure 1).

Bile bacterial culture and identification: Bile samples were inoculated onto blood agar and McConkey agar media,
and isolated strains were identified using VITEK 2 Compact (MERIEUX, France). The Kirby-Bauer paper diffusion
(K-B) method was employed for antibiotic susceptibility testing. In accordance with the Tokyo Guidelines,'® recom-
mendations from Chinese medical associations,'® and regional antibiotic usage practices, antibiotics with continuous
records of susceptibility against the same bacterial species during the study period were selected for testing. The present
study was conducted in compliance with the principles of the Helsinki Declaration and was approved by the Ethics
Committee of People’s Hospital of Xinjiang Uygur Autonomous Region (KY2022072217). The patients and their
families provided written informed consent before the biliary drainage procedure.

Data Analysis

The analysis focused on the distribution and changes of Gram-positive bacterial communities in bile cultures from
January 2018 to March 2024, examining the resistance and distribution trends of the major bacterial groups. Statistical
analysis was conducted using SPSS 29.0 software. Count data were reported as case numbers and percentages. Yearly
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Figure | Study flowchart.

comparisons were made using the Chi-square test or Fisher’s exact test. Statistical significance for comparisons between
two groups was established at P < 0.05. For comparisons spanning the six-year period, adjustments were made using the

Bonferroni method, setting the adjusted P-value at 0.003.

Results

This study encompassed all Gram-positive bacterial strains isolated from the bile of patients diagnosed with acute
cholangitis from January 1, 2018, to March 31, 2024. A total of 346 strains of Gram-positive bacteria were detected,
including 9 genera and 40 species. The dominant genera were Enterococcus, Staphylococcus and Streptococcus, which
accounted for 57.22% (198/346), 23.41% (81/346), and 13.01% (45/346), respectively (Figure 2a).
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Figure 2 Distribution and trend of Gram-positive bacteria at the genus and species levels. (a) Distribution of bacteria at the genus level. (b) Trends in the number of gen-

era and species of bacteria.
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The diversity of Gram-positive bacteria detected has shown an annual increase. In 2018, 10 species were identified,
rising to 21 species by 2023 (Figure 2b). New species that had not been previously observed were progressively detected
over the years, including Streptococcus constellatus, Bacillus licheniformis, Bacillus cereus, and Granulicatella adia-
cens, first identified in 2020.

The main pathogens detected were Enterococcus faecium, Enterococcus faecalis, Staphylococcus epidermidis,
Staphylococcus hominis and Staphylococcus aureus, which accounted for 36.42% (126/346), 14.16% (49/346), 7.80%
(27/346), 6.07% (21/346), and 5.20% (18/346), respectively (Figure 3).

Annual trend analysis of the main pathogens at the genus and species levels revealed notable changes. The detection
rate of Enterococcus decreased overall, with the distribution of Enterococcus faecium remaining stable, while the
proportion of Enterococcus faecalis exhibited a downward trend. The detection rate of Staphylococcus showed fluctua-
tions but increased overall. Within this genus, the distribution of Staphylococcus epidermidis remained stable, the
detection rate of Staphylococcus hominis increased, and the proportion of Staphylococcus aureus declined. Similarly,
the detection rate of Streptococcus fluctuated but ultimately showed an upward trend, with a marked increase in the
proportion of Streptococcus oralis (Figure 4).

A chi-square test was conducted to analyse the annual proportions of the main genera and species. The results
indicated a significant increase in the proportion of Streptococcus, particularly Streptococcus oralis (Table 1).

Enterococcus faeciumand Enterococcus faecalis

Enterococcus faecium and Enterococcus faecalis demonstrated the highest sensitivity to linezolid (100%), followed by
vancomycin (98.86%). Only a single vancomycin-resistant Enterococcus faecium strain was identified in 2020, while no
vancomycin-resistant Enterococcus faecalis strains were detected. Both species exhibited the highest resistance to
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Figure 3 Distribution of Gram-positive bacteria at the species levels.
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Figure 4 Trends of major bacteria at the genus and species levels.(a) Trends in infection rates of major bacteria at the genus level. (b)Trends of major bacteria at the species
level.

erythromycin (89.14%) and the second-highest resistance to rifampicin (80.00%). Enterococcus faecium showed greater
resistance to antibiotics compared to Enterococcus faecalis (Table 2), particularly to penicillin (71.43% vs 4.08%) and
ampicillin (60.32% vs 2.04%).

The resistance of Enterococcus faecium to ampicillin increased, and its resistance to penicillin, erythromycin,
rifampicin and high-concentration streptomycin increased before 2023 and decreased after 2023 (Figure 5).

Staphylococcus epidermidis, Staphylococcus hominis, and Staphylococcus aureus
Staphylococcus epidermidis, Staphylococcus hominis, and Staphylococcus aureus showed the highest resistance to
penicillin (83.33%), followed by azithromycin and erythromycin (72.73%). These species were most sensitive to
linezolid and teicoplanin (100%), with vancomycin showing a sensitivity rate of 98.48% (Table 3). Throughout the
study period, only a single vancomycin-resistant Staphylococcus hominis strain was identified.

The resistance of Staphylococcus epidermidis to levofloxacin and moxifloxacin increased from 0 in 2018 to 66.67% in
2023, but its resistance to compound sulfamethoxazole decreased from 66.67% in 2018 to 33.33% in 2023. The

Table | Distribution and P values of Gram-Positive Bacteria Detected in Bile

Genus 2018 2019 2020 2021 2022 2023 P value
(n=39) (n=42) (n=51) (n=86) (n=35) (n=67)
Enterococcus,n(%) 28(71.79) 24(57.14) 30(58.82) 53(61.63) 19(54.29) 35(52.24) 0.479
Staphylococcusn, n(%) 8(20.51) 10(23.81) 9(17.65) 17(19.77) 14(40.00) 15(22.39) 0.203
Streptococcus,n(%) 3(7.69) 5(11.90) 6(11.76) 10(11.63) 0(0) 15(22.39) 0.031
Micrococcus,n(%) 0(0) 2(4.76) 4(7.84) 3(3.49) 0(0) 0(0) 0.082
Leuconostoc,n(%) 0(0) 0(0) 1(1.96) I(1.16) 1(2.86) 1(1.49) 0915
Species
Enterococcus faecium, n(%) 17(43.6) 13(28.89) 15(29.4) 38(44.2) 10(28.6) 26(38.8) 0.340
Enterococcus faecalis, n(%) 9(23.1) 8(17.78) 8(15.68) 10(11.6) 4(11.43) 7(10.45) 0.441
Staphylococcus epidermidis, n(%) 3(7.69) 4(9.52) 3(5.88) 9(10.47) 4(11.43) 3(4.48) 0.709
Staphylococcus hominis, n(%) 2(5.13) 3(7.14) 3(5.88) 2(2.33) 5(14.3) 6(10.3) 0.211
Staphylococcus aureus, n(%) 3(7.69) 3(7.14) 3(5.88) 4(4.65) 1(2.86) 3(4.48) 0.923
Streptococcus oralis, n(%) 0(0) 1(2.22) 0(0) 1(1.16) 0(0) 7(10.45) 0.007

Notes: The bold numbers indicate that the p-value is less than 0.05, which is statistically significant.
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Table 2 Non-Susceptibility of Enterococcus Faecium and Enterococcus Faecalis

Antimicrobial agent | Enterococcus faecium (n=126) | Enterococcus faecalis (n =49)
n % n %
Penicillin 90 71.43 2 4.08
Streptomycin-high 37 29.37 10 2041
Rifampicin 100 79.37 40 81.63
Erythromycin 113 89.68 43 87.76
Ampicillin 76 60.32 | 2.04
Gentamicin-high 24 19.05 5 10.2
Vancomycin | 0.79 0 0
Linezolid 0 0 0 0
Teicoplanin 0 0 - -

resistance of Staphylococcus epidermidis to penicillin and oxacillin decreased in 2023 (100% vs 75%; 100% vs 33.33%)
(Figure 6a).

Staphylococcus hominis showed decreased resistance to penicillin (100% vs 50%), gentamicin (50% vs 16.67%),
erythromycin (100% vs 33.33%), and compound sulfamethoxazole (50% vs 16.67%), but increased resistance to
oxacillin (0% vs 83.33%), levofloxacin (0% vs 50%) and moxifloxacin (0% vs 33.33%)(Figure 6b).

The resistance of Staphylococcus aureus to compound sulfamethoxazole decreased (66.67% vs 0%), but its resistance
to other antibiotics remained almost unchanged (Figure 6¢).

The detection rate of MRS was 71.60% (58/81), exhibiting an overall upward trend (Figure 6d). Among the
Staphylococcus species, antibiotic-resistant Staphylococcus epidermidis had the highest detection rate at 85.19% (23/
27), followed by Staphylococcus hominis at 61.90% (13/21), Staphylococcus aureus at 44.44% (8/18), and other
Staphylococcus species at 86.67% (13/15). The detection rates of antibiotic-resistant Staphylococcus epidermidis and
Staphylococcus hominis increased until 2023, followed by a decline in 2023. Conversely, Staphylococcus aureus
exhibited the opposite trend, with an increase in its detection rate in 2023. Notably, among the seven Staphylococcus
strains identified in 2024, six were MRS strains.

Streptococcus

Streptococcus consistently exhibited high resistance to erythromycin (75.56%), with resistance levels increasing over
time. The second-highest resistance was to clindamycin (46.67%), although this resistance showed a declining trend,
decreasing from 100% in 2018 to 53.33% in 2023. Resistance to penicillin rose notably, from 0% in 2018 to 53.33% in
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Figure 5 Trends in antimicrobial non-susceptibility of Enterococcus faecium and Enterococcus faecalis from 2018 to 2023. (a) Trends in antimicrobial non-susceptibility
of Enterococcus faecium. (b) Trends in antimicrobial non-susceptibility of Enterococcus faecalis.
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Table 3 Non-Susceptibility of Staphylococcus Epidermidis, Staphylococcus Hominis
and Staphylococcus Aureus

Antimicrobial agent Staphylococcus Staphylococcus Staphylococcus
epidermidis(n = 27) hominis(n =21) aureus(n = 18)
n % n % n %
Penicillin 25 92.59 14 66.67 16 88.89
Gentamicin 6 22.22 6 28.57 4 22.22
L-ofloxacin I 40.74 7 33.33 2 AN
Cotrimoxazole 16 59.26 9 42.86 5 27.78
Azithromycin 21 77.78 14 66.67 13 72.22
Oxacillin 23 85.19 6 28.57 6 3333
Erythromycin 22 81.48 13 61.9 13 72.22
Chloramphenicol 5 18.52 | 4.76 | 5.56
Moxifloxacin 7 25.93 6 28.57 0 0
Linezolid 0 0 0 0 0 0
Tigecycline 0 0 0 0 0 0
Vancomycin 0 0 | 4.76 0 0

2023 (Table 4, Figure 7). Additionally, Streptococcus strains resistant to ampicillin and ceftriaxone were first detected in
2021 and 2023, respectively.

Discussion

Traditionally, Gram-positive bacteria are predominantly associated with respiratory and urinary infections, while biliary
infections are primarily thought to originate from the intestine, making Gram-negative bacteria the main pathogens.
Consequently, treatment for biliary infections has largely focused on Gram-negative bacteria. Currently available broad-
spectrum antibiotics targeting Gram-positive bacteria primarily address Enterococcus. However, the findings of this study
revealed a gradual decline in the proportion of Enterococcus and an increase in non-Enterococcus Gram-positive
bacteria. These shifts in the composition of biliary bacteria align with similar changes observed in bacteria from urine,
sputum, blood, and other clinical samples.'? This highlights the need for greater attention to antibiotic therapies
specifically targeting Gram-positive bacteria in biliary infections to adapt to these evolving patterns.

Enterococcus is the dominant bacterium in the duodenum and small intestine of healthy individuals and is commonly
implicated in cholangitis, which is thought to result from the retrograde migration of intestinal bacteria. Previous studies
have shown that Enterococcus is the primary Gram-positive bacterium detected in the bile of cholangitis patients.
However, the bacterial spectrum has evolved due to the widespread use of broad-spectrum antibiotics and rising
nosocomial infection rates.”® In the present study, it was found that the proportion of Enterococcus decreased while
that of Staphylococcus and Streptococcus increased. These changes are consistent with those in the bacterial spectrum of
urine, sputum, secretions and other samples reported recently.

Common Gram-positive bacteria exhibit significant resistance to broad-spectrum antibiotics commonly used in
clinical practice.'>'**' Therefore, broad-spectrum p-lactams, such as piperacillin/tazobactam, should be prioritized in
treatment.”>** Additionally, attention should be given to the possibility of Gram-positive bacterial infections following
the administration of broad-spectrum antibiotics. For patients who respond poorly to anti-infective therapy, repeated
sampling and antibiotic susceptibility testing are essential to guide targeted antibiotic selection. In cases of multiple
infections, the use of a combination of different antibiotic classes is recommended to enhance treatment efficacy and
address diverse pathogen profiles effectively.

Staphylococcus epidermidis, a bacterium associated with skin colonization, is implicated in many infections,
particularly those linked to medical devices.'? It shows resistance to multiple antibiotics, especially the strains found
in clinical infection environments. Staphylococcus epidermidis and its resistant strains are detected at the highest rate
among the Staphylococcus species, with an overall rising trend in the detection of resistant strains. Given the context of
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bile sample sources and related reports, this trend may be linked to the repeated use of duodenoscopes in ERCP
procedures.*?** The adoption of disposable duodenoscopes may become the preferred practice in future ERCP

procedures.?® In addition, there is a large proportion of patients with malignant obstruction receiving PTCD. Foreign

Table 4 Non-Susceptibility of Streptococcus

Antimicrobial agent | Streptococcus (n=45)
n %
Penicillin 1 24.44
Erythromycin 34 75.56
Clindamycin 21 46.67
L-ofloxacin 10 22.22
Ceftriaxone 3 6.67
Ampicillin 14 3111
Linezolid 0 0
Vancomycin 0 0
Meropenem 0 0
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Figure 7 Trends in antimicrobial non-susceptibility of Streptococcus from 2018 to 2023.

bodies in the bile duct may alter the bile microenvironment and promote the formation of biofilms.*”*® Bacteria within
biofilms exhibit significant resistance to antimicrobial agents, which can contribute to persistent or recurrent bacterial
infections. Therefore, it is necessary to collect bile samples for bacterial culture and routine susceptibility testing during
biliary drainage procedures.

Staphylococcus hominis is rich in resistance genes and it produces biofilms to enhance antibiotic resistance.”” The
present study revealed an increasing detection rate of Staphylococcus hominis and its antibiotic-resistant strains over
time. This trend may be attributed to the acquisition of new antibiotic resistance factors by the commensal
Staphylococcus in the infected bile duct. Additionally, the rising implantation of biliary stents, facilitated by advance-
ments in ERCP technology in recent years, could also contribute to this increase by providing surfaces for biofilm
formation and promoting bacterial colonization and resistance development.

In the present study, the detection rate of Staphylococcus aureus in bile samples was found to be low. As bile samples
were collected without contact with the skin or mucosa, it is likely that Staphylococcus aureus accessed the bile via
hematogenous spread in patients with systemic infections.*® The low detection rate can also be attributed to the small
proportion of critically ill patients among those undergoing biliary drainage, as systemic infections and subsequent
hematogenous dissemination of Staphylococcus aureus are more common in severely ill individuals. Staphylococcus
aureus showed decreased resistance to compound sulfamethoxazole, and its resistance to other antibiotics remained
unchanged, which may be attributed to the decreased clinical application rate. The detection rate of MRS was 44.44% in
the present study, higher than global median (35%).>' This may be due to differences in sample sources, patient age,
antibiotic misuse, and regional variations in MRS prevalence.

The main species in the Streptococcus isolated from bile is Streptococcus viridans, among which, Streptococcus
oralis (11/45), Streptococcus salivarius (10/45), and Streptococcal pharyngitis (9/45) are opportunistic pathogens
extensively distributed in the human oral cavity and upper respiratory tract. Bile is sterile in a healthy individual, and
the presence of Streptococcus in bile and its increased proportion are possibly related to the extensive application of
ERCP. The increased detection of Streptococcus oralis in the bile of patients with cholangitis may be for the following
reasons: (1) Streptococcus oralis exhibits a very high recombination rate, suggesting that this species can adapt to the
fluctuating environments encountered within the human body and may invade certain pathogenic niches.*?
Streptococcus oralis may undergo synonymous mutations, which can affect gene expression and protein folding,
potentially leading to infectious diseases.’®> The resistance rates of Streptococcus to ampicillin and ceftriaxone are
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increasing, while resistance rates to clindamycin and erythromycin are decreasing annually, likely related to the clinical
drug usage rates.

In the present study, significant shifts in the composition and antibiotic resistance of Gram-positive bacteria in bile
were observed. The proportion of Enterococcus decreased, mainly due to a reduced detection rate of Enterococcus
faecalis, while Streptococcus species diversified, with an increased detection rate of Streptococcus oralis. The rising
detection rate of MRS was primarily driven by a steady increase in MRSHo. Erythromycin and penicillin are not
recommended for cholangitis patients with suspected Gram-positive bacterial infections, and resistance should be
monitored when using quinolones. Despite Enterococcus faecium showing 100% and 99.71% sensitivity to linezolid
and vancomycin, respectively—results consistent with existing reports”*—linezolid resistance in Enterococcus faecium
has increased in China.'"?' Further, the growing resistance of Enterococcus faecium impacts the resistance profiles of
other strains.** Rapid pathogen identification and early use of narrow-spectrum antibiotics are crucial for mitigating
antibiotic resistance.
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Staphylococcus aureus; ERCP, endoscopic retrograde cholangiopancreatography.
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