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Gallstone disease (GD) occurs in up to 20% of the population in 
developed countries and is the leading cause of acute cholecystitis 
(AC) and cholecystectomy.[1] In South Africa (SA), recent evidence 
indicates that the cholecystectomy rate has almost doubled in the past 
decade.[2] The actual cost of GD to the already overburdened healthcare 
system in SA is not known. However, in developed countries it is rated 
as the second-highest gastrointestinal cost burden to the healthcare 
system.[3] Gallbladder (GB) bile is sterile in the absence of pathology.[4] 
Pathological conditions of the GB result in bacterial colonisation of bile 
(bacteriobilia), with GD the major risk factor.[5]

The latest published management guidelines for AC are the 
Tokyo Guidelines 2018 (TG18).[6] The standard of care for patients 
presenting with AC is early laparoscopic cholecystectomy (LC) 
(within 72 hours of onset of symptoms), as it has similar outcomes 
compared with delayed or interval laparoscopic cholecystectomy 

(ILC).[6] However, these ‘standard of care’ recommendations stem 
from institutions in high-income countries. In Durban, KwaZulu-
Natal (KZN) Province, SA, Mbatha and Anderson[7] and Makatini 
et al.[8] showed in two separate studies in two different state hospitals 
that >85% of patients presented late and management therefore 
mainly consisted of ILC. Timeous empirical antimicrobial (EA) 
therapy is therefore of paramount importance to tide these patients 
over to an ILC. Omission of treatment with timeously appropriate 
EAs in these patients results in bacteriobilia, which may progress to 
infection and sepsis with fatal consequences.

The choice of antimicrobials for the treatment of AC varies. The 
2013 Tokyo Guidelines (TG)[9] stated that ‘such therapy [antimicrobial 
therapy] depends upon knowledge of both local microbial 
epidemiology and patient-specific factors that affect selection of 
appropriate agents’. Knowledge of ‘local microbial epidemiology’ for 
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AC is severely lacking in SA. Furthermore, SA has a unique ‘patient-
specific’ factor in that it was estimated in 2021 that 7.52 million 
(13.1%) of its population of 57.7 million were people living with 
human immunodeficiency virus (PLWH), a higher rate than any 
other country.[10] Of PLWH in SA in 2021, 26% lived in KZN and 
3.9 million were on antiretroviral therapy (ART).[10] Compared with 
HIV-uninfected people (HIV-U), PLWH have an increased risk of 
developing GB disease and tend to develop cholelithiasis at a younger 
age.[10,11] HIV has also been shown to affect the prevalence and 
severity of sepsis.[12] EA therapy for AC is based largely on the most 
common causative organisms and susceptibility patterns obtained 
from the developed world, where the prevalence of PLWH is very 
low; however, local practice remains hostage to these international 
guidelines, such as the TG, as there is a paucity of data available to 
guide treatment locally.[9]

Considering that the management approach for our patients is 
largely ILC, and that this is a critical step in definitive management 
of AC, the use of preoperative antimicrobial prophylaxis (PAP) for 
LC is another area of antimicrobial discussion. Previously, during 
the era of open cholecystectomy, PAP was standard routine practice. 
However, since LC has become the gold-standard operation for 
elective GB removal, the incidence of infectious complications has 
significantly decreased compared with the open operation, giving 
rise to doubt about the necessity for routine PAP for LC on the 
part of surgeons.[13] Although many surgeons still routinely use 
PAP today despite this reservation, this routine use is constantly 
debated in the interests of antimicrobial stewardship and limiting 
unnecessary exposure and expense.

In a clinical setting where there is a dearth of information on 
bacteriobilia and antibiograms to guide treatment locally, especially 
in an era of ever-increasing antimicrobial resistance, the importance 
of monitoring and updating local antimicrobial susceptibility 
patterns (antibiograms) is underscored. We therefore examined 
GB bile for bacteriobilia in a setting with a high prevalence of 
PLWH, to determine whether there are differences in microbiology 
in our local population compared with what has been reported 
internationally, and whether this situation may demand review of 
our local EA policies for GB infections. We also examined the use 
of various preoperative parameters, viz. age, endoscopic retrograde 
cholangiopancreatography (ERCP), neutrophil-lymphocyte ratio 
(NLR), C-reactive protein (CRP) and procalcitonin (PCT), in patients 
undergoing cholecystectomy to predict which patients are at risk of 
bacteriobilia, especially higher-risk individuals such as PLWH. In 
addition to reviewing EA therapy, the study therefore also aimed to 
help guide the use of PAP, minimise antimicrobial overuse and curb 
resistance.

Methods
Study setting
A retrospective observational descriptive study was undertaken at 
King Edward VIII Hospital, Durban, over the 3-year period January 
2018 - December 2020.

Sampling
Hospital records were reviewed for all patients undergoing 
cholecystectomy (for indications including biliary colic, AC, 
obstructive jaundice and gallstone pancreatitis). Patients presenting 
with AC were graded into mild, moderate and severe according to 
the TG18, and patients who were hospitalised within a month of 
presenting with AC were classified as having healthcare-associated 
biliary infections. Clinical demographic data included age, gender, 
ethnicity, HIV status and the use of ART, which were obtained 

from the patient charts. Other relevant clinical information, 
including preoperative use of ERCP, was also obtained from the 
patient charts. Preoperative viral loads, CD4 counts, white cell 
counts (WCCs), neutrophil counts, lymphocyte counts, NLR, CRP, 
PCT, and postoperative GB bile microbiology (bacteriobilia) and 
antimicrobial susceptibility (antibiograms) were obtained from 
the National Health Laboratory Service LABTRAK website. All 
intermediate results on antibiograms were regarded as resistant. 
The method of bile sampling was obtained from theatre records. 
Patients without documented HIV status, patients whose bile was 
not sampled, and patients whose bile was sampled by methods other 
than intraoperative aseptic GB aspiration prior to cholecystectomy 
were all excluded from the study.

Ethical considerations
Ethics approval was granted by the University of KwaZulu-Natal 
Biomedical Research Ethics Committee (ref. no. BE429/18). 
Permission to conduct the research was granted by the KZN 
Department of Health (ref. no. KZ-201810-030) and King Edward 
VIII Hospital (ref. no. KE 2/7/1/51/2018).

Data analysis
Statistical analyses were performed using R for statistical computing, 
version 4.0.0, release 2020 (R Core Team and R Foundation for 
Statistical Computing, Austria). Descriptive statistics such as 
frequencies and percentages were used to summarise categorical 
variables. Central tendency and dispersion of data were measured 
using means and standard deviations for normally distributed 
variables and medians and interquartile ranges for skewed variables. 
Associations between categorical variables were tested using either 
Fisher’s exact test where 80% of cells had an expected count <5 
or Pearson’s χ2 test where 80% of cells had an expected count >5. 
Similarly, with regard to the testing of associations between continuous 
variables, for normally distributed data means were compared using 
independent t-tests, while for non-normally distributed data, the 
Mann-Whitney U-test was used. Statistical tests were two-sided, and 
p-values <0.05 were considered statistically significant.

Results
Demographic profile
A total of 400 patients underwent cholecystectomy during the study 
period. After reviewing the patient charts and theatre records, 72 
patients were excluded (N=328). The mean age of the patients was 45 
years (range 19 - 79). Of the patients, 266 (81.1%) were female and 62 
(18.9%) were male; 227 (69.2%) were black, 60 (18.3%) were Indian, 
25 (7.6%) were white and 16 (4.9%) were of mixed race; and 264 
(80.5%) were HIV-U and 64 (19.5%) were PLWH. Of the 64 PLWH, 
61 (95.3%) were on ART. For the PLWH, the median CD4 count was 
586 cells/µL and the median viral load was 0 copies.

Preoperative parameters predicting bacteriobilia
Of the 328 patients, 90 had bacteriobilia of GB bile. A number of 
preoperative parameters were analysed for predicting bacteriobilia of 
GB bile. Patients with positive cultures had a higher median WCC, 
a higher median neutrophil count and a higher NLR than those 
with negative cultures, but none of these variables reached statistical 
significance (Table 1). For patients with positive cultures, the median 
preoperative PCT level of 0.04 µg/L and CRP level of 12.0 mg/L, 
despite being only marginally higher than the normal reference 
range values of <0.01 µg/L and <10.0 mg/L, respectively, were 
statistically significantly higher than the median values of patients 
with negative cultures (Table 1). Older age was a significant predictor 
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of bacteriobilia of GB bile (Table  1). The preoperative parameter 
that demonstrated the greatest statistical significance in predicting 
a positive bile culture was preoperative ERCP (Fig.  1). There was 
no statistically significant difference in the preoperative parameters 
assessed between PLWH and HIV-U, and these are therefore not 
presented. Preoperative parameters of all patients are summarised 
in Table 1.

ERCP as a predictor of bacteriobilia
Fig.  1 shows that 72.2% of patients who underwent preoperative 
ERCP had a positive GB bile culture, while only 18.6% of patients 
who did not have a preoperative ERCP procedure had a positive 
GB bile culture. ERCP was therefore a strong predictor of positive 
GB bile culture (p<0.001). The median time between ERCP and 
cholecystectomy was 21 days.

Comparison of organisms between PLWH and HIV-U
Among the 90 patients who had positive GB bile cultures, a 
comparison was made between HIV-U and PLWH. Seventy-four 
were HIV-U, with a 28.0% positive culture rate, and 16 were PLWH, 
with a 25% positive culture rate. There was no statistically significant 
difference in culture rates between HIV-U, PLWH and the overall 
culture rate of 27.4%. The differences in organism groups between 
HIV-U and PLWH are summarised in Fig. 2, which shows that there 
were also no statistically significant differences between them. The 
organisms with the highest overall culture rate were Gram-negative 
organisms, viz. Escherichia coli, Klebsiella pneumoniae, Enterococcus 
species and Enterobacter species (Fig. 2). The most frequently isolated 
enterococcal species were Enterococcus faecium (6/22), Enterococcus 
faecalis (5/22), Enterococcus gallinarum (4/22) and Enterococcus 
casseliflavus (4/22). Three other enterococcal species were isolated.

Sixty-seven patients cultured a single organism, 17 patients cultured 
two organisms, and 6 patients cultured three organisms. Only 2 

Table 1. Preoperative parameters predicting positive bile culture
Preoperative parameters Negative culture (n=238) Positive culture (n=90) p-value* Overall (N=328)
Age (years) 0.002

Median (IQR) 41 (32.0 - 52.0) 49 (35.25 - 60.0) 45 (33.0 - 57.0)
n (min - max) 238 (19 - 78) 90 (20 - 79) 328 (19 - 79)

WCC (× 109/L) 0.367
Median (IQR) 7.22 (5.50 - 10.0) 7.40 (5.90 - 10.90) 7.30 (5.69 - 10.10)
n (min - max) 226 (3.02 - 24.4) 86 (3.00 - 21.20) 312 (3.00 - 24.40)

Neutrophils (× 109/L) 0.300
Median (IQR) 4.17 (2.77 - 6.59) 4.63 (2.97 - 6.86) 4.34 (2.83 - 6.75)
n (min - max) 199 (1.16 - 17.10) 68 (1.15 - 18.10) 267 (1.15 - 18.10)

Lymphocytes (× 109/L) 0.552
Median (IQR) 2.12 (1.61 - 2.61) 2.07 (1.23 - 2.67) 2.12 (1.55 - 2.62)
n (min - max) 199 (0.110 - 5.92) 68 (0.480 - 64.0) 267 (0.110 - 64.0)

NLR 0.111
Median (IQR) 1.86 (1.18 - 3.13) 2.38 (1.37 - 4.41) 2.00 (1.23 - 3.54)
n (min - max) 199 (0.380 - 103) 68 (0.0298 - 18.5) 267 (0.0298 - 103)

PCT (µg/L) 0.002
Median (IQR) 0.02 (0.01 - 0.05) 0.04 (0.01 - 0.28) 0.02 (0.01 - 0.085)
n (min - max) 168 (0 - 16.9) 67 (0.0100 - 30.4) 235 (0 - 30.4)

CRP (mg/L) 0.011
Median (IQR) 10.0 (10.0 - 20.0) 12.0 (10.0 - 49.8) 10.0 (10.0 - 24.5)
n (min - max) 203 (0 - 382) 72 (0 - 388) 275 (0 - 388)

*Rank-sum test.
IQR = interquartile range: n = number tested; WCC = white cell count; NLR = neutrophil-lymphocyte ratio;  
PCT = procalcitonin; CRP = C-reactive protein.

Fig.  1. Percentages of positive and negative cultures in patients with and 
without preoperative ERCP (N=328). (ERCP = endoscopic retrograde 
cholangiopancreatography.)
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PLWH cultured more than one organism. Of 
the 4 patients who cultured Candida species, 
none were PLWH. Of the total positive 
bile cultures (n=90), 32 were from patients 
with AC (3 of these cases were acalculous), 
24 from patients with bilary colic, 23 from 
patients with obstructive jaundice, and 11 
from patients with gallstone pancreatitis. 
Of the 32 cases of AC, 25 were of grade 1 
severity, 5 of grade 2 severity and 2 of grade 3 
severity according to the TG grading system 
of severity. Twenty-nine of the 32 cases were 
community acquired, as these patients had 
no recent history of hospital admission.

Comparison of antibiograms of GB 
isolates between PLWH and HIV-U
A comparison of antibiograms between 
HIV-U and PLWH revealed no statistically 
significant difference for any of the 
antimicrobials tested (Table 2). There was an 
overall high level of antimicrobial resistance 
(>30%) to penicillin-based therapy in the form 
of amoxicillin/clavulanate and cephalosporin-
based therapy (second-generation cefuroxime 
and third-generation ceftriaxone), with 
resistance levels of 39.4%, 53.0% and 31.1%, 
respectively. Bacterial isolates had a low 
overall resistance level of 14.5% to penicillin-
based therapy in the form of piperacillin/
tazobactam; however, carbapenem-based 
therapy (imipenem and meropenem) 

demonstrated the lowest resistance levels of 
6.7% and 2.7%, respectively. Aminoglycoside-
based therapy (amikacin and gentamicin) 
showed good susceptibility patterns with 
only 6.8% and 10.2% resistance, respectively, 
and fluoroquinolone-based therapy 
(ciprofloxacin) showed 17.0% resistance. 
Three out of 4 Staphylococcus aureus isolates 
(75%) were resistant to cloxacillin (methicillin-
resistant S. aureus), and 1 out of 2 coagulase-
negative staphylococci (50%) was resistant to 
cloxacillin. All Staphylococcus species were 
100% susceptible to vancomycin. Among 
the Enterococcus isolates with susceptibility 
results, 3 out of 4 (75%) of the E. faecalis 
isolates were susceptible to ampicillin. The 
single ampicillin-resistant E. faecalis isolate 
was susceptible to vancomycin. Of the E. 
faecium isolates with susceptibility results, 2 
out of 4 (50%) were susceptible to ampicillin. 
Of the ampicillin-resistant E. faecium 
isolates, 1 was susceptible to vancomycin 
and 1 was resistant to vancomycin. Of the 
fungibilia (bile colonised by fungi) cultures 
(4 Candida species – 3 Candida albicans and 
1 Candida parapsilosis), 50% were resistant to 
fluconazole.

Discussion
Omission of EA therapy for AC, or incorrect 
choice of EA for AC due to lack of local 
sensitivity patterns, can lead to catastrophic 

outcomes such as multiorgan failure followed 
by death. In patients suspected to have AC, 
current prompt appropriate EA therapy is 
mandatory.[14] The choice of EA therapy, 
however, varies between treatment guidelines 
and is largely guided by local antimicrobial 
susceptibility data.[14] For example, penicillin-
based therapy in the form of ampicillin/
sulbactam has been removed from the North 
American guidelines because it has little 
activity left against E. coli in that region.
[15] In addition to antimicrobial resistance 
in patients with community-acquired 
intra-abdominal infections being widely 
reported, the spectrum of microbiology 
of bile may also change over time.[16,17] 
Periodic evaluation and updating of local 
antibiograms is therefore important in 
ensuring that EA regimens remain effective 
and relevant. Locally there are no treatment 
guidelines based on susceptibility data, and 
we therefore follow the TG, which are guided 
by a prospective study of AC involving 116 
institutions worldwide.[18] Furthermore, 
although the incidence of opportunistic 
infections has decreased with the roll-out of 
ART, PLWH are at particular risk of bacterial 
bloodstream infections even with ART, as 
HIV-induced disorders of the immune system 
are only partially restored by combination 
ART.[19] In the present study, we factored 
in PLWH and compared them with HIV-U 
with regard to the spectrum of microbiology 
of bile, and found no statistically significant 
differences. When comparing the overall 
proportions of organisms isolated from bile 
cultures with the microbiology in the TG, 
the present study mirrored the frequency 
of bacteriobilia, with E. coli, K. pneumoniae, 
and Enterococcus and Enterobacter species 
being among the most common cultured. 
We can therefore conclude that the spectrum 
of overall proportions of microbiology of 
bile in our local population of both PLWH 
and HIV-U is not dissimilar to what is 
reported internationally. Furthermore, in a 
local KZN study that reviewed bacteriobilia 
from the bile duct during ERCP, the authors 
also concluded that there was no difference 
in bacteriobilia rates and no difference in 
the spectrum of organisms between PLWH 
and HIV-U.[20]

The overall antimicrobial susceptibility 
patterns in the present study when 
comparing PLWH and HIV-U also did 
not reach statistical significance. For 
community-acquired grade 1 AC, which 
was the predominant presentation in the 
present study, the TG recommend penicillin-
based therapy in the form of ampicillin/
sulbactam or cephalosporin-based therapy as 
initial EA therapy only if local antimicrobial 
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susceptibility pattern (antibiogram) resistance 
rates are <20%.[14] If this recommendation is 
applied to the findings of the present study, 
penicillin-based therapy in the form of 
amoxicillin/clavulanate and cephalosporin-
based therapy (second-generation cefuroxime 
and third-generation ceftriaxone) may be 
poor choices as initial EA therapy for both 

PLWH and HIV-U presenting with AC 
locally, owing to their >30% resistance rates in 
the present study. Both penicillin in the form 
of ampicillin/sulbactam and cephalosporins 
are proving high-resistance antimicrobial 
choices for bacteriobilia in several countries, 
whereas penicillin-based therapy in the form 
of piperacillin/tazobactam is not, which is in 

keeping with the present study findings.[21,22] 
In fact, the Surgical Infection Society and 
the Infectious Diseases Society of America 
reported penicillin and cephalosporins to be 
among the antimicrobials with the highest 
resistance against Enterobacteriaceae 13 years 
ago in their 2010 guidelines.[23]

Resistance to fluoroquinolones (cipro-
floxacin) was reasonably low in the present 
study, but according to both the TG and the 
World Society of Emergency Surgery (WSES), 
its use is only recommended as an alternative 
agent in combination with metronidazole for 
patients with beta-lactamase allergies when 
the susceptibility of cultures is known, as the 
antimicrobial resistance has been reported 
to be increasing significantly worldwide.
[16,24] In the present study, aminoglycoside-
based therapy (amikacin and gentamicin) 
showed good susceptibility patterns, and 
in view of the favourable cost, they may be 
used as part of combination EA therapy 
together with a beta-lactam antimicrobial 
for AC locally. Carbapenem-based therapy 
(imipenem and meropenem) demonstrated 
the lowest resistance levels in the present 
study, and in view of the higher cost and 
for antibiotic stewardship purposes, it is 
suggested that this therapy be reserved for 
multidrug-resistant cases. The findings and 
recommendations of the present study are 
not dissimilar to those of a recent large 
cohort study of 2 288 patients with 492 
cultures, demonstrating similar culture and 
antibiogram results.[25]

For grade 3 community-acquired AC, 
EA therapy against Pseudomonas species is 
recommended owing to the high virulence 
of these organisms and the risk of mortality.
[14] In the present study, however, the culture 
rate of Pseudomonas species was very 
low (3.8%), and the majority of patients 
presented with a much less severe form 
of AC in the form of grade 1 community-
acquired AC. The study therefore does not 
have sufficient data to recommend against 
the use of EA therapy for Pseudomonas 
species. Vancomycin has been recommended 
as the EA of choice against Enterococcus 
for grade  3 community-acquired AC, 
but because an increasing prevalence of 
vancomycin-resistant Enterococcus has been 
reported, treatment should be guided by local 
antibiograms.[23] In the present study, in view 
of the low numbers of grade 3 community-
acquired AC and varying susceptibility 
patterns of vancomycin against ampicillin-
resistant E. faecium and E. faecalis isolates, 
we suggest targeted therapy for severe cases 
of AC where Enterococcus may be suspected. 
Owing to the low prevalence of fungibilia in 
AC and the high resistance to fluconazole in 

Table 2. Antibiotic susceptibility patterns (antibiograms) in HIV-U and PLWH

Antibiotic susceptibility
HIV-U  
(n=115), n (%)*

PLWH  
(n=18), n (%)* p-value

Overall 
(N=133), n (%)*

Amoxicillin/clavulanate 0.589†

n 81 13 94
NS 31 (38.3) 6 (46.2) 37 (39.4)
S 50 (61.7) 7 (53.8) 57 (60.6)

Piperacillin/tazobactam 1.000‡

n 64 12 76
NS 9 (14.1) 2 (16.7) 11 (14.5)
S 55 (85.9) 10 (83.3) 65 (85.5)

Cefuroxime 0.581†

n 55 11 66
NS 30 (54.5) 5 (45.5) 35 (53.0)
S 25 (45.5) 6 (54.5) 31 (47.0)

Ceftriaxone 1.000‡

n 63 11 74
NS 20 (31.7) 3 (27.3) 23 (31.1)
S 43 (68.3) 8 (72.7) 51 (68.9)

Gentamicin 0.647‡

n 73 15 98
NS 7 (9.6) 2 (13.3) 9 (10.2)
S 66 (90.4) 13 (86.7) 79 (89.8)

Amikacin 0.604‡

n 61 12 73
NS 4 (6.6) 1 (8.3) 5 (6.8)
S 57 (93.4) 11 (91.7) 68 (93.2)

Ciprofloxacin 0.700‡

n 74 14 88
NS 12 (16.2) 3 (21.4) 15 (17.0)
S 62 (83.8) 11 (78.6) 73 (83.0)

Imipenem 0.558‡

n 64 11 75
NS 4 (6.2) 1 (9.1) 5 (6.7)
S 60 (93.8) 10 (90.9) 70 (93.3)

Meropenem 1.000‡

n 62 11 73
NS 2 (3.2) 0 (0.0) 2 (2.7)
S 60 (96.8) 11 (100.0) 71 (97.3)

Vancomycin 0.281‡

n 28 6 34
NS 4 (14.3) 2 (33.3) 6 (17.6)
S 24 (85.7) 4 (66.7) 28 (82.4)

Cloxacillin 0.467‡

n 4 2 6
NS 2 (50.0) 2 (100.0) 4 (66.7)
S 2 (50.0) 0 (0.0) 2 (33.3)

*Except where otherwise indicated.
†χ2 test.
‡Fisher’s exact test.
HIV-U = HIV uninfected; PLWH = people living with HIV; n = number tested; NS = non-susceptible; S = susceptible.
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the present study, fungi should be treated according to susceptibility.
In the recent WSES guidelines, there has been a suggestion that 

biliary penetration of antimicrobial agents for AC be considered 
when making a choice of EA, especially in patients with obstruction, 
where there is evidence that as obstruction occurs, secretion of 
antimicrobials into the bile decreases.[24] The WSES reports that for 
aminoglycoside-based therapies, amikacin has a better antibiotic 
bile-to-serum concentration ratio (ABSCR) than gentamicin, for 
penicillin-based therapies piperacillin/tazobactam has a better ABSCR 
than amoxicillin/clavulanate, and for carbapenem-based therapies 
imipenem has a better ABSCR than meropenem.[24] However, the 
TG report a lack of randomised trials comparing antimicrobial 
biliary penetration to determine the clinical relevance of these ratios, 
particularly in acute infection of the GB, and has therefore not 
factored them into EA choice at present.[14]

The role of PAP for LC in uncomplicated GB disease has been 
debated. In a recent meta-analysis, which included 21 randomised 
clinical trials, it was observed that PAP for LC was safe and 
effective in reducing surgical site infections and global infections 
during hospitalisation.[13] Notwithstanding this finding, current 
guidelines do not support the routine use of PAP for elective LC 
for uncomplicated GD.[26,27] The TG recommend PAP for AC and 
cholangitis only.[28] However, a more recent double-blind, placebo-
controlled, randomised study found that PAP did not affect the risk 
of postoperative infectious complications (PICs), even in patients 
undergoing LC for AC.[29]

The American Society of Health-System Pharmacists guidelines 
only advocate PAP for complicated GD such as AC and jaundice, and 
if there is a risk of intraoperative GB rupture and open conversion.[30] 
A retrospective study in Sweden showed that the only significant risk 
factor for PICs was a positive bile culture.[31] In view of the Swedish 
study and the combined global widespread overuse of antibiotics and 
increasing resistance patterns, the present study placed some emphasis 
on the importance of assessing possible predictors of bacteriobilia that 
may guide the use of PAP. In this regard, preoperative age, ERCP, 
NLR, CRP and PCT were assessed as predictors and markers of 
subclinical inflammation and infection.

Age is known to be a predictor of declining function of the 
immune system, leading to an increased incidence of infection.
[32] In the present study, patients with positive bile cultures were 
of statistically significantly older age, similar to a prospective trial 
in another developing country.[5] The definition of advanced age 
varies among individuals, cultures and countries, but according to 
the World Health Organization it is defined as an age≥65 years.[33] 
Interestingly, in a review of 163 patients presenting with AC and 
bacteriobilia, >65 years was found to be a cut-off age for predicting 
bacteriobilia.[34]

ERCP involves entering the sterile biliary system via the unsterile 
duodenum, and it is therefore not surprising that it is a known risk 
factor for bacteriobilia.[35,36] Patients who have had previous biliary 
tree manipulation with ERCP have a six times increased risk of 
presenting with bacteriobilia, and use of antimicrobials during 
the ERCP procedure has not been convincingly shown to decrease 
the incidence of bacteriobilia.[35,36] ERCP has been found be an 
independent factor affecting positive bile culture in a multivariate 
analysis.[22] This finding was also confirmed in the present study. 
We therefore recommend that in our population group, including 
both PLWH and HIV-U, PAP should be considered in older patients 
and all patients among whom preoperative ERCP was undertaken, 
to potentially decrease PICs. If PAP is to be used, current guidelines 
suggest the use of cefazolin.[37]

In the present study, the NLR was raised in patients with GB 
bacteriobilia, but this did not reach statistical significance. The 
sensitivity of CRP for the diagnosis of GB bacteriobilia was calculated 
to be 12 mg/L in the present study, which is remarkably low 
even though statistically significantly higher than negative culture 
specimens, and therefore gives rise to some doubt about the diagnostic 
potential of this laboratory marker in predicting GB bacteriobilia. The 
sensitivity of PCT for the diagnosis of GB bacteriobilia was calculated 
to be 0.04 µg/L in the present study, which like CRP is remarkably 
low and also gives rise to doubt about the diagnostic potential of this 
laboratory marker in predicting GB bacteriobilia. Furthermore, in a 
recent local study, CRP and PCT were unable to differentiate between 
patients with and without bacteriobilia of bile sampled via ERCP in 
both PLWH and HIV-U.[20] The absence of any significant impact 
therefore speaks against the routine use of preoperative NLR, CRP 
and PCT in predicting bacteriobilia for the use of PAP in patients 
undergoing LC.

In keeping with curbing resistance patterns, EA therapy should be 
discontinued postoperatively following LC for AC, as there is sufficient 
evidence from a randomised clinical trial demonstrating no benefit 
postoperatively after removing uncomplicated GBs.[38]

A major limitation of the present study is that it was a retrospective 
study of patient charts and laboratory results. Missing clinical data and 
laboratory results will lead to gaps in the study. Despite there being a 
big discrepancy in numbers between HIV-U and PLWH in the study, 
we considered that the numbers were representative of the population 
in general, as 19.5% of patients in the study were PLWH and in the 
population as a whole 13.1% are PLWH.

Conclusion
PLWH in the present study were found to have similar bacteriobilia 
and antibiograms to HIV-U and should therefore follow the same 
EA and PAP recommendations. For EA therapy, penicillin-based 
monotherapy in the form of amoxicillin/clavulanate should be used 
with caution owing to its low susceptibly rate in the present study. 
We recommend the use of piperacillin/tazobactam as an alternative 
to penicillin-based EA monotherapy in view of its superior drug 
susceptibility rate in the present study. If amoxicillin/clavulanate is 
to be used as initial EA therapy, we highly recommend combining it 
with an aminoglycoside (amikacin or gentamicin) as a cost-beneficial 
alternative treatment strategy because of the high rate of susceptibility 
to aminoglycosides in the present study and the relatively low expense 
of these drugs. Cephalosporin-based therapy should also be used 
with caution in view of poor susceptibility rates in the present study. 
We recommend that carbapenem-based therapy should be reserved 
for drug-resistant species owing to cost and in the interests of 
antibiotic stewardship. Fluoroquinolone-based therapy (ciprofloxacin 
in combination with metronidazole) should be reserved for patients 
with beta-lactamase allergies. In view of the high bacteriobilia rates in 
older patients and patients who had preoperative ERCP in the present 
study, we recommend the selective use of cefazolin as PAP in these 
specific groups of patients undergoing elective LC. Finally, the study 
indicates that use of the preoperative laboratory markers CRP, PCT 
and NLR for predicting GB bacteriobilia and electing to use PAP in 
patients undergoing LC cannot be recommended.
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