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Abstract 

Blood culture (BC) tests are a scarce resource in low- and middle-income countries 

(LMICs); therefore, prioritization based on likelihood of positive results might be ben-

eficial. We aimed to determine whether comorbidities in the Charlson Comorbidity 

Index (CCI) were associated with positive BC tests among patients with suspected 

hospital-acquired bacteremia. We analysed a retrospective cohort from health records 

at Dr. Wahidin Sudirohusodo Hospital, Makassar, Indonesia from 2015-2018. We 

applied multivariable logistic regression to identify associations between CCI score 

and the outcome of the first BC taken two calendar days after admission, adjusting for 

confounders. The primary analysis considered BCs positive for all pathogens. Of 3,875 

adult patients who had their first BCs taken two calendar days after hospital admissions, 

786 (20.3%) had their first BCs positive for any pathogen. Those included 371 patients 

who had their first BCs positive for Staphylococcus aureus (n = 133; 35.9%), Acineto-

bacter spp. (n = 84; 22.6%), Klebsiella. pneumoniae (n = 58; 15.6%), Escherichia coli 

(n = 63; 17.0%) and Pseudomonas aeruginosa (n = 33; 8.9%). There was no association 

between increasing CCI score and positive BC (OR 1.01, 95%CI: 0.96-1.06, p = 0.69) 

after adjustment for age, sex and other potential confounders. There was some indica-

tion that antibiotic use prior to BC test acted as an effect modifier between CCI score 

and positivity of BC (p = 0.17). In this single-hospital study, no significant association was 

observed between CCI score and positive BC taken two calendar days after hospital 

admission. We suggest that other factors need to be investigated to guide BC testing, 

and that improving diagnostic and antibiotic stewardship, including increasing resources 

for BC testing prior to antibiotics among hospitalized patients are needed in LMICs.
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Introduction

Blood culture (BC) tests are a crucial method to diagnose bloodstream infection (BSI) 
and guide antibiotic treatment. BC should be obtained if BSI is suspected and should 
precede antibiotic initiation for maximum sensitivity [1]. However, BC tests are rarely 
performed in low- and middle-income countries (LMICs), primarily due to financial 
challenges and limited institutional support [2,3]. Furthermore, the proportion of BC 
that are positive is often low, usually below 10% [4]. For those reasons, many clini-
cians in LIMCs are reluctant to perform BC [5]. This prevents BSI diagnosis and limits 
the availability of information for controlling antimicrobial resistance (AMR).

Given the importance of BSI diagnosis and the limitations of the BC test, a 
prioritization strategy could increase the chance of BSI detection in clinical practice 
within existing funding. We hypothesized that patients with more extensive comor-
bid conditions would be more vulnerable to BSI because most medical comorbidi-
ties cause some degree of immunosuppression and hence raise the probability of 
positive BC.

The Charlson Comorbidity Index (CCI) is a widely known scoring system for adult 
comorbidities [6,7], which generates a numerical score based on the presence or 
absence of 19 common comorbidities, with a further possible adjustment for increas-
ing age. A major benefit of CCI is that it has been adapted for use with ICD-10 code 
which is available through regular hospital information systems and hence easily 
administrated [8]. Thus, use of the CCI might aid in identifying patients who should be 
prioritized for BC to reduce morbidity and mortality, while managing costs.

We aimed to investigate the CCI score and positive BC for any pathogen (pri-
mary analysis) and five priority pathogens (secondary analysis) from hospital 
acquired BSI while considering other relevant risk factors for positive BC (such as 
age, sex, ward, length of hospitalization (LOS) prior to BC test, admission type, 
direct ICU/HCU admission) as potential confounders and prior antibiotic treatment 
as effect modifier.
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Study design and setting

This analysis used clinical, pharmacy and laboratory data from Dr Wahidin Sudirohusodo Hospital, Makassar, 
South Sulawesi, Indonesia from 2015 to 2018. Wahidin Hospital is a third-level public health facilities with 935 bed 
capacity. It receives referral patients from second-level health facilities for specialist services such as oncology and 
cardiology.

Data source

Data used were routinely collected hospital electronic records which were extracted from the hospital information system. 
Further details of data collection are described elsewhere [9]. This study used data from all hospitalized adult patients with 
the first BC taken after two calendar days of admission over the study period. One patient could have multiple hospital 
admissions, and one admission could result in multiple BC tests. The first BC per patient for the full study period was 
selected for the main analysis. All BCs were included for a sensitivity analysis.

Patient’s comorbidities

Patient’s CCI was the exposure of interest and derived from ICD10 codes of patients’ clinical diagnoses based on Claims-
based, Disease-specific refinements, Matching translation to ICD-10 and Flexibility to use (CDMF) CCI Coding Schemes 
[8]. We applied the relevant weight (1, 2, 3 or 6 points) for each comorbidity whilst considering the hierarchy rule [8], and 
used age-adjustment (1 point for 50–59 years, 2 points for 60–69 years, 3 points for 70–79 years and 4 points for ≥ 80 
years) [7]. Hierarchy rules refer to the principle that when multiple related conditions are present in a patient’s medical 
record, only the most severe condition contributes to the total CCI score. Example, if a patient has both cerebrovascular 
disease (1 point) and hemiplegia or paraplegia (2 points), only the higher score of 2 points for hemiplegia/paraplegia is 
included in the CCI total, since hemiplegia/paraplegia is a more severe consequence of cerebrovascular disease [8]. A 
unique CCI score was calculated per patient for each admission.

Positive blood cultures

Positivity of BC taken two calendar days after admission (hospital-acquired BSI) was the primary outcome and was 
categorized as a binary variable (negative or positive for common contaminants [Bacillus spp. (not B. anthracis), 
coagulase-negative staphylococci, viridans group streptococci, Aerococcus spp. and Micrococcus spp [10]] vs. positive for 
any pathogen). For a secondary analysis, we examined positivity of BC taken two days after admission with priority patho-
gens. We excluded BC positive for other pathogens. We defined priority pathogens as the five most common pathogens 
in Wahidin Hospital that were included in the 2015 WHO Global AMR priority pathogen list. These were Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Acinetobacter spp. and, Staphylococcus aureus [11]. Since our tertiary 
care center has a relatively high level of referrals from other healthcare centers, identification of community-onset organ-
isms by the two-calendar day threshold would be biased, and these were therefore excluded.

Blood culture utilization rate (per 1000 patient-days) is the total number of blood cultures collected from 2015 to 2018 
divided by the sum of all patient-days spent in the hospital during the same period and multiply by 1000. Patient-days 
refer to the total number of days that all patients spend in the hospital from 2015 to 2018.

Covariates

Variables that are considered important confounders, based on a Directed Acyclic Graph (DAG), included age, sex, 
admission type, direct admission to intensive care unit (ICU) or high care unit (HCU), length of hospitalization (LOS) prior 
to BC test, ward of BC test and intravenous antibiotic prior to BC test (Fig 1). Admission type (emergency versus elective 
visit) and direct admission to ICU/HCU were considered as proxy variables of acute severity of illness.
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Admission type (binary) was defined as the department (emergency or outpatient clinic) that referred the patient to 
be hospitalized. LOS prior to BC test was handled as a continuous variable. Ward of BC test was categorized based on 
type (emergency, general, progressive or HCU and intensive or ICU). For multivariable analysis, wards were grouped 
into binary variable (emergency/general unit and progressive/intensive unit) due to small numbers in progressive wards. 
Intravenous antibiotic prior to BC test was a continuous variable and defined as the duration from the first date of any 
intravenous antibiotic prescription to the BC sampling date, regardless of whether the administration was continuous or 
intermittent and the number of antibiotics used. As an effect modifier, intravenous antibiotics prior to BC test were grouped 
into binary variables based on presence/absence of prior antibiotic treatment.

Statistical analysis

Descriptive analysis was applied, using proportions, median and interquartile range, or mean and 95% confidence inter-
val, whenever appropriate. Multivariable logistic regression analysis was performed to identify the association between 
CCI score (continuous independent variable) and BC positivity (binary dependent variable) for both the primary (first BC 
positive for all pathogens) and secondary (first BC positive for five priority pathogens) outcomes. For sensitivity analysis, 
all repeated BC tests were used as the outcome while considering random effects to take account of the within-cluster 
correlation variation as one patient could have several admissions or several BC tests during one admission. For patients 
with missing data of antibiotic dates, we assumed that no antibiotics were given when the BC was taken.

Likelihood ratio tests (LRT) were performed to compare nested models with CCI as categorical variable (CCI score 
of 0, 1, > 1) with the complex model including CCI as a continuous variable. “Use of antibiotics prior to BC test” was 

Fig 1.   Directed Acyclic Graph (DAG). Footnote of Fig 1. Abbreviations: BC, blood culture; ICU, intensive care unit; HCU, high care unit; HIV, 
human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome.

https://doi.org/10.1371/journal.pgph.0004749.g001

https://doi.org/10.1371/journal.pgph.0004749.g001
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hypothesized as a potential effect modifier because the impact of CCI on BC could be different depending on the pres-
ence/absence of prior antibiotic treatment, which was tested with LRT as well. Effect modifier was evaluated for any 
pathogens using the first BC taken after two calendar days of admission.

Results

Description of population and samples

There were 61,284 adult patients (total 98,102 admissions) hospitalized during four years of study with 4,562 (7.4%) 
patients having at least one BC test performed (total 5,704 BC). The total patient-days were 892,149, giving a BC utili-
zation rate of 6.4 BC per 1,000 patients-days. Of those 4,562 patients, there were 3,875 (84.9%) patients with their first 
BC taken two calendar days after admission (total 4,797 BC) (Fig 2). These 3,875 patients were included in the study 
analysis.

Of the 3,875 patients, 460 (11.9%) had BC taken prior to antibiotic administration. Patients’ characteristics are pre-
sented in Table 1. Minimal missing data was found for hospital discharge date (1/3,875; 0.03%) and antibiotic date 
(132/3,875; 3.4%). For the single patient with a missing discharge date, length of stay was imputed as one day based on 
identical admission, antibiotic start dates and antibiotic end dates. For 132 cases with missing data of antibiotic dates, we 
assumed that no antibiotics were given when the BC was taken.

Blood culture tests

Out of 3,875 patients with their first BC taken two calendar days after hospital admission, 786 (20.3%) had their first BC 
positive for any pathogen, 2,705 (69.8%) negative or no growth, and 384 (9.9%) positives for common contaminants 
(Table 1). Within these 786 patients, 371 patients (47.2%) had their first BC positive for priority pathogens; S. aureus 

Fig 2.   Study flowchart. Footnote of Fig 2. Abbreviations: BC, blood culture.

https://doi.org/10.1371/journal.pgph.0004749.g002

https://doi.org/10.1371/journal.pgph.0004749.g002
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(n = 133; 35.9%), Acinetobacter spp. (n = 84; 22.6%), K. pneumoniae (n = 58; 15.6%), E. coli (n = 63; 17.0%) and P. aerugi-
nosa (n = 33; 8.9%).

Patient’s comorbidities

Overall, the median (IQR, range) of CCI score in all patients, patients with positive BCs, and patients with negative BCs 
were 2 (1–3, 0–11), 2 (0–4, 0–11), 2 (1–3, 0–11), respectively. Total CCI score and proportion of total CCI score, and BC 
positivity was showed in Figs 3 and 4.

The most common comorbidities observed in 3,875 patients were any malignancy (n = 494; 12.8%), severe renal dis-
ease (372; 9.6%), congestive heart failure (361; 9.3%), diabetes with complications (324; 8.4%), diabetes without chronic 
complications (247; 6.4%), and cerebrovascular disease (229; 5.9%). The most common comorbidities observed amongst 
patients who had positive BC tests were severe renal disease (122; 15.5%), any malignancy (n = 87; 11.1%), diabetes with 
complications (66; 8.4%), congestive heart failure (65; 8.3%), cerebrovascular disease (59; 7.5%) and diabetes without 
chronic complications (46; 5.9%).

Association between CCI and positive BC for any pathogens (primary analysis)

In our main analysis using any positive BC as the outcome, we found that, there was no evidence that CCI score was 
associated with positive BC (adjusted odds ratio [aOR] 1.01, 95%CI: 0.96-1.06 p = 0.69) (Table 2). Result of sensitivity 
analysis also support this finding.

Table 1.  Characteristics of adult patients who had the first blood culture taken two calendar days after hospital admission.

Characteristics Total patients
N = 3,875 patients (%)

BC negative
N = 3,089 patients (%)

BC positive for any 
pathogens
N = 786 patients (%)

BC positive for prior-
ity pathogens
N = 371 patients* (%)

Age on admission (years)

Median (IQR and range) 51,1 (38.3-60.9,
18-97.4)

51.1 (38.1-61.3,
18-97.4)

51.0 (39.7-60.1,
18.2-94.9)

51.7 (42.5-60.7,
18.2-87.7)

Sex

Female 1,645 (42.5) 1,307 (42.3) 338 (43.0) 180 (48.5)

Male 2,230 (57.5) 1,782 (57.7) 448 (57.0) 191 (51.5)

Admitted from

Outpatient department 351 (9.1) 250 (8.1) 101 (12.8) 49 (13.2)

Emergency department 3,524 (90.9) 2,839 (91.9) 685 (87.2) 322 (86.8)

Direct ICU/HCU admission 607 (15.7) 423 (13.7) 184 (23.4) 50 (13.5)

LOS prior to BC test (days)

Median (IQR and range) 7 (4-14, 3-87) 7 (4-13, 3-87) 9 (5-17, 3-87) 9 (5-15, 3-72)

Ward of BC test

Emergency 23 (0.6) 14 (0.4) 9 (1.1) 4 (1.1)

General 3,028 (78.1) 2,518 (81.5) 510 (64.9) 301 (81.1)

Progressive (HCU) 299 (7.7) 258 (8.4) 41 (5.2) 15 (4.0)

Intensive (ICU) 525 (13.6) 299 (9.7) 226 (28.8) 51 (13.8)

Antibiotic prior to BC test (days)**

Median (IQR and range) 6 (4–11, 2–85); n = 3,415 6 (4–11, 2–85); n = 2,742 7 (4–14, 2–70); n = 673 7 (3–14, 2–56); n = 282

Abbreviations: BC, blood culture; IQR, interquartile range; ICU, intensive care unit; HCU, high care unit; LOS, length of stay.

*371 patients are part of the 786 patients.

**among patients who had antibiotics prior to BC

https://doi.org/10.1371/journal.pgph.0004749.t001

https://doi.org/10.1371/journal.pgph.0004749.t001
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Using CCI score as a categorical variable (CCI score of 0, 1, > 1) gave a better model fit (LRT, p = 0.069), and showed 
some indication that higher scores of CCI were less likely to have positive BC (aOR 0.84, 95%CI:0.63-1.11 and aOR 0.79, 
95%CI: 0.62-1.01, p = 0.18) compared to CCI of 0, although confidence intervals included the null value.

Fig 3.  CCI scores among all patients, and patients with negative, positive, and priority pathogen blood cultures.

https://doi.org/10.1371/journal.pgph.0004749.g003

Fig 4.  A. Proportion of total CCI score and BC positivity in patients with first BC taken two calendar days after admission. B. Proportion of total 
CCI score and BC positivity before antibiotic treatment. C. Proportion of total CCI score and BC positivity after antibiotic treatment. Abbreviations: 
CCI, Charlson comorbidity index; BC, blood culture.

https://doi.org/10.1371/journal.pgph.0004749.g004

https://doi.org/10.1371/journal.pgph.0004749.g003
https://doi.org/10.1371/journal.pgph.0004749.g004
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Association between CCI and BC positive for five priority pathogens (secondary analysis)

We considered an alternative outcome of a positive BC result with any one of five priority pathogens (Table 2). Using 
this outcome, there was evidence that increasing CCI was associated with BC positivity (aOR 1.08, 95%CI: 1.01-1.15, 
p = 0.02), which was supported by sensitivity analysis aOR 1.09 95%CI: 1.01-1.19 p = 0.04). Using CCI score as categor-
ical variable (CCI scores of 0, 1, > 1) only showed an increased risk for CCI > 1 with wide confidence intervals (aOR 0.98, 
95%CI: 0.66 -1.46 and aOR 1.16, 95%CI: 0.83 - 1.61, p = 0.51).

Effect modifier

There was some indication that antibiotic prior to BC test acted as an effect modifier between CCI score (CCI score of 0, 
1, > 1) and positive BC for any pathogens (Table 3) but this was not significant (p = 0.17). This non-significance may have 

Table 2.  Association between Charlson Comorbidity Index and blood culture positivity in patients with first BC taken two calendar days after 
hospital admission.

Patient’s comorbidities
(N = 3,875 patients)

BC test BC positive for 
any pathogens

Adjusted OR*
(95% CI)

p value BC positive for pri-
ority pathogens±

Adjusted OR*
(95% CI)

p value

Total CCI score
(1–11, continuous)

Main analysis± 3,875 786 1.01 (0.96-1.06) 0.69 371 1.08 (1.01-1.15) 0.02

Sensitivity analysis# 4,797 1,055 1.03 (0.97-1.09) 0.35 494 1.09 (1.01-1.19) 0.04

CCI score (categorical)

0 894 215 1 0.18 75 1 0.51

1 574 118 0.84 (0.63-1.11) 48 0.98 (0.66-1.46)

2-11 2,407 453 0.79 (0.62-1.01) 248 1.16 (0.83-1.61)

Abbreviations: BC, blood culture; OR, odds ratio; CCI, Charlson comorbidity index; LRT, likelihood ratio test.

*Adjusted with age, sex, admission type, direct admission to ICU/HCU, LOS prior to blood culture test, and ward of BC test. ±Main analysis was calculat-
ed using multiple logistic regression.
#Sensitivity analysis was calculated using all BC test and random effect model. ±S. aureus, E. coli, K. pneumoniae, P. aeruginosa and Acinetobacter spp..

https://doi.org/10.1371/journal.pgph.0004749.t002

Table 3.  Multivariable models with and without effect modification*.

No Interaction With Interaction**

Patient’s comorbidities OR* (95%CI) p-value Patient’s comorbidities OR* (95%CI) p-value

CCI score (categorical) No antibiotic prior to BC test

0 1 0.18 CCI score (categorical)

1 0.84 (0.63-1.11) 0 1 <0.001

2-11 0.79 (0.62-1.01) 1 1.16 (0.54-2.49)

Antibiotic prior to BC test 2-11 1.28 (0.72-2.29)

No 1 <0.001 Had antibiotics prior to BC test

Yes 0.55 (0.43-0.70) CCI score (categorical)

0 0.84 (0.49-1.43)

1 0.66 (0.38-1.16)

2-11 0.61 (0.36-1.04)

Abbreviations: BC, blood culture; OR, odds ratio; CCI, Charlson Comorbidity Index; LRT, likelihood ratio test.

*Multivariable model (adjusted for age, sex, admission type, direct admission to ICU/HCU, LOS prior to blood culture test, and ward of BC test).

**P value for the interaction test was 0.17

https://doi.org/10.1371/journal.pgph.0004749.t003

https://doi.org/10.1371/journal.pgph.0004749.t002
https://doi.org/10.1371/journal.pgph.0004749.t003
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been due to small sample size – there were relatively few patients who had BC performed without prior antibiotic treat-
ment. After controlling for other factors, patients who had no antibiotic prior to BC test were likely to have positive BC at 
higher comorbidity score (aOR 1.16, 95%CI:0.54-2.49 for CCI score 1 and aOR 1.28, 95%CI: 0.27-2.49 for BC for CCI 
score >1) whereas patients who had antibiotic prior to BC test were less likely to have positive BC with rising score of 
comorbidities (aOR 0.84, 95%CI: 0.49-1.43 for CCI score 0, aOR 0.66, 95%CI: 0.38-1.16 for CCI score 1 and aOR 0.61, 
95%CI: 0.36-1.04 for CCI score >1).

Discussion

We investigated if the CCI, a widely known system of categorization of degree of medical comorbidity, could be used to 
identify patients at higher risk of positive BC in a cohort of patients admitted to one hospital in Indonesia. We found that a 
higher CCI score was not associated with BC positivity for any pathogens irrespective of the categorization of CCI scores, 
or the selection of pathogens.

This lack of association between comorbidity and positive BC could be because of prior antibiotic treatment. This was 
very common in our cohort and has been found before for elderly patients with multimorbidity – these patients frequently 
receive broad-spectrum antibiotics for long periods in this hospital and other tertiary care centers [12,13]. This would 
reduce the chance of obtaining a positive culture as obtaining BC during or after antibiotic therapy is associated with a 
reduction of pathogen detection [14].

Among patients with confirmed BSIs, a substantial proportion were due to antimicrobial-resistant (AMR) pathogens: 
78% of E. coli were resistant to third-generation cephalosporin, 56% of K. pneumoniae were resistant to third-generation 
cephalosporin-resistant, 51% of S. aureus were resistant to methicillin, and 48% of Acinetobacter spp. were resistant 
to carbapenem [9]. The observed AMR patterns suggest that prior antibiotic exposure reduces the likelihood of detect-
ing susceptible organism and culture positivity. Prior antibiotic use may reduce blood culture positivity, particularly when 
pathogens are susceptible to the administered agents. However, frequent or inappropriate antibiotic exposure can pro-
mote the emergence and selection of antimicrobial-resistant organisms, contributing to the high burden of AMR. This is 
further supported by the fact that we found an inverse relationship between continuous CCI and BC positivity for priority 
pathogens.

A cohort study exploring risk factors for Central Line Associated Blood Stream Infections (CLABSI) found that the com-
posite CCI scores were not strongly associated with increased risk for CLABSI. However, the individual patient’s comorbid 
conditions were strongly associated with either increased or decreased risk for CLABSI [15]. For example, patients with 
renal disease had 1.88 times the risk of CLABSI. In our study, the comorbid condition that had the highest positive BC 
proportion is severe renal disease as well, which indicates that possibly certain specific comorbid conditions are more 
relevant than others, and the scoring of the CCI may not be well adjusted to be used to predict BSI.

Focusing on five priority pathogens only, the presence of comorbidities slightly increased the odds of having a positive 
BC, particularly when considering the CCI score as a continuous variable. The priority pathogens, S. aureus, E. coli, K. 
pneumoniae, P. aeruginosa and Acinetobacter spp., are central to the threat of antimicrobial resistance [16]. Therefore, 
this finding suggests that patients with higher CCI score could be at higher risk of AMR BSI. The high levels of AMR in this 
institution are described more extensively in a prior analysis of the same dataset [9].

We found that there was non-significant effect modification by prior antibiotic treatment, most likely due to sparse data 
bias, as only 460/3,875 patients did not receive antibiotics prior to BC. However, the direction of the effect estimate indi-
cated that in patients without prior antibiotic treatment and with a high CCI score (>1) had approximately 1.3 times the odds 
of having BC positive compared to patients without comorbidity. In comparison, patients with prior antibiotic treatment had 
less odds of having BC positive with more comorbidity. This suggests that the high utilisation rates of antibiotics in our set-
ting may mask BSI, greatly reducing the utility of BC as a diagnostic tool. This highlights the urgent need for better imple-
mentation of diagnostic and antibiotic stewardship to take BC prior to antibiotic and reduce unnecessary antibiotic use.
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In this hospital in Indonesia, we observed a relatively high BC contamination rate (9.9%) – which is likely caused by 
poor aseptic techniques during BC collection. This issue stems from the fact that most BC samples are collected by 
healthcare officers who lack specific training in this procedure, while trained laboratory staff, due to limited personnel, are 
only assigned to collect samples in the ICU. Following consultations with the hospital’s infection prevention and control 
team and physicians, plans are underway to implement targeted interventions aimed at improving sample collection prac-
tices and reducing contamination rates.

The single most common pathogen causing BSI in this cohort was Burkholderia cepacia (240/3,875 patients). This 
organism has been identified in clinical samples in other countries in this region [17,18], but further work is needed to 
better understand its clinical and epidemiological significance.

The utility of the CCI may vary between hospital-acquired infections (HAIs) and community-acquired infections (CAIs). 
In HAIs, CCI may be less predictive of infection risk, as nosocomial factors such as invasive procedures, ICU admission, 
prolonged hospitalization, and exposure to antimicrobial-resistant pathogens are more influential in infection acquisition. 
In contrast, among patients with CAIs, the comorbidity burden captured by CCI may better reflect the individual’s baseline 
vulnerability to infection and disease severity at presentation.

While our study has negative findings, it has several strengths. Our study utilized a relatively large single-centre dataset 
from a LMIC setting. A consistent approach was used to capture all hospitalized patient’s data over four years and the 
amount of missing data is negligible. There may have been some information error due to inaccurate recording of ICD 10 
codes, but we believe the effects of any resulting misclassification would be modest in this data set. Additionally, a sys-
tematic analytical approach was employed, including the use of directed acyclic graphs (DAGs) to identify and account for 
potential confounders, enhancing the validity of the results.

Our study also has limitations. Firstly, our analysis variables were constrained to routinely collected data in this hospital. 
Some relevant risk factors for BSI were therefore not possible to adjust for – for example, duration of intravenous cathe-
terization, use of parenteral nutrition and data relating to inter-hospital transfer. A systematic review indicated these factors 
could all play a part in the risk of developing catheter-associated BSI [19]. This means that there may be residual con-
founding in this analysis. Secondly, the utilization of BC in this hospital was infrequent – a typical minimum recommenda-
tion is for approximately 100 BC/1,000 patient days [20], while our hospital reported 6.4 BC/1,000 patient days. The high 
positivity rate (20%) also implies that not enough BC were being taken, which means we might have missed data from 
patients with lower number of comorbidities or lower severity who may have a lower proportion of BC positivity. Compari-
son of characteristics of patients who had BC performed versus the whole inpatient population showed that clinicians were 
(understandably) more likely to perform BC in severely ill patients [21]. These characteristics of the dataset could have 
biased the results, but without substantially increased funding and support, hospitals in the LMICs cannot overcome this 
limitation - the central purpose of our analysis was to attempt to find better ways to target the limited resources available 
for performing BC.

In conclusion, in this single-hospital study utilizing routine available datasets, no significant association was observed 
between comorbidities as defined by the CCI score and positive BC results. This lack of association could be due to wide-
spread antibiotic use before diagnostics, or lack of sensitivity of the CCI. To better guide BC as a diagnostic tool in LMICs 
settings, other factors will need to be considered in future research. In the meantime, improvement of antibiotic stew-
ardship and training of personnel to take BC should be considered to improve BSI diagnosis and management in these 
settings.
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