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Purpose: Antibiotic-resistant bacteremia is a leading global cause of infectious disease morbidity and mortality. Clinical data 
warehouses (CDWs) allow for the secure, real-time coupling of diverse data sources from real-world clinical settings, including care- 
based medical-administrative data and laboratory-based microbiological data. The main purpose of this study was to assess the 
contribution of CDWs in the epidemiological study of antibiotic resistance by constructing a database of bacteremia patients, BactHub, 
and describing their main clinico-microbiological features and outcomes.
Patients and Methods: Adult patients with bacteremia hospitalized between January 1, 2016 and December 31, 2019 in 14 acute 
care university hospitals from the Greater Paris area were identified; their first bacteremia episode was included. Data describing 
patients, episodes of bacteremia, bacterial isolates, and antimicrobial resistance were structured.
Results: Among 29,228 patients with bacteremia, 41% of episodes were community-onset (CO) and 59% were hospital-acquired 
(HA). Thirty-day and ninety-day mortality rates were 15% and 20% in CO episodes, and 18% and 36% in HA episodes. Overall 
resistance rates were high, including third-generation cephalosporin resistance among Klebsiella pneumoniae (CO 21%, HA 37%) and 
Escherichia coli (CO 13%, HA 17%), and methicillin resistance among Staphylococcus aureus (CO 11%, HA 14%). Annual incidence 
rates increased significantly from 2017 to 2019, from 20.0 to 20.9 to 22.1 stays with bacteremia per 1000 stays (p < 0.0001).
Conclusion: The Bacthub database provides accurate clinico-microbiological data describing bacteremia across France’s largest 
hospital group. Data from Bacthub may inform surveillance and the clinical decision-making process for bacteremia patients, including 
choice of antimicrobial therapy. The database also offers opportunities for research, including analysis of hospital care pathways and 
significant patient outcomes such as mortality and recurrence of infection.
Keywords: data warehousing, bacteremia, drug resistance, microbial, anti-bacterial agents, mortality, incidence

Introduction
Infections due to antibiotic-resistant bacteria are a leading cause of morbidity and mortality.1,2 A thorough understanding 
of their epidemiology requires comprehensive study of their various characteristics. These include clinical characteristics 
such as the patient’s diagnosis, treatment, course, infection severity, outcomes and follow-up; as well as microbiological 
characteristics such as the bacterial isolate’s species and antibiotic sensitivity. Yet integrating such diverse characteristics 
into a single database for epidemiological study is a great challenge. While many large-scale, highly detailed micro-
biological databases exist, few include clinical data, mainly due to difficulty in combining both types of data on a large 
scale. On the other hand, administrative databases usually lack key clinical and microbiological data needed to assess 
bacterial resistance and measure infection severity.3
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Clinical data warehouses (CDWs) help to address this challenge by providing access to multiple large-scale data 
sources from real-world clinical settings.4–6 When properly qualified and structured, they can include large numbers of 
patients from diverse healthcare institutions without a need to access their individual medical files, and can be used for 
surveillance or to conduct investigative, evaluative or observational studies at a (multi-)hospital level.5–9 In particular, by 
allowing simultaneous access to both clinical and microbiological data, CDWs have the potential to help provide more 
comprehensive epidemiological descriptions of acute bacterial infections across large patient populations over time.4,10 

Bacteremia is a severe acute bacterial infection which is associated with significant morbidity and mortality, and high 
levels of antimicrobial resistance (AMR).1 While the diagnosis of bacteremia is straightforward based solely on 
microbiological data, requiring only the exclusion of potential contaminants, clinical data are crucial to fully understand 
bacteremia epidemiology, including impacts on human health.

In this study, we aimed to assess the contribution of CDWs in the study of bacteremia by constructing a database of 
patients hospitalized with bacteremia and describing the main clinico-microbiological features and outcomes of included 
infections. The Bacthub database was thus established, based on the CDW of the university hospital group of the Greater 
Paris area, Assistance Publique - Hôpitaux de Paris (AP-HP).10 Here, we report on the selection of the patient population; 
describe the main characteristics of the included patients, bacteremia episodes and bacterial isolates; and provide an 
incidence estimate over three years. Finally, we discuss the representativeness and usefulness of the database and next 
steps for expanding the use of CDWs to facilitate the epidemiological study of AMR.

Materials and Methods
Source of the Data
Data were obtained retrospectively from the AP-HP CDW (Supplementary File S1.1).10 The AP-HP (https://www.aphp.fr) 
is the largest university hospital entity in Europe, with 39 hospitals (22,474 beds) located mainly in the region of Île-de- 
France (the Greater Paris area) and totaling 1.5 million hospitalizations per year (10% of all hospitalizations in France).

Study Population
Hospital stays of adults (≥ 18 years) with at least one positive blood culture between January 1, 2016 and December 31, 
2019 in any of the 23 AP-HP hospitals offering acute care were selected. Pediatric hospitals were excluded. Only stays > 
24h were retained, unless the patient died within 24h. Only the first hospital stay of each patient over the 4-year study 
period was retained, and only the first bacteremia episode of the stay was analyzed. Episodes could include multiple 
positive blood cultures provided that each was collected less than 72 hours after the previous one. Contaminants were 
excluded. Species classified as contaminants were Corynebacterium sp., Staphylococcus epidermidis, Staphylococcus 
pettenkoferi, Staphylococcus haemolyticus, Staphylococcus hominis, coagulase-negative Staphylococci, Staphylococcus 
capitis, Staphylococcus hominis subsp. hominis, Micrococcus luteus, Staphylococcus capitis subsp. capitis, or 
Staphylococcus warneri. Within the same episode, we considered a blood culture positive for one of these species not 
to be a contaminant if: 1) there was at least one other blood culture positive with the same species within 72h, AND 2) 
both blood cultures had at least 6 out of 8 Antibiotic susceptibility testing (AST) results available for Oxacillin, 
Cefoxitin, Tobramycin, Gentamicin, Rifampicin, Erythromycin, Clindamycin, Cotrimoxazole, AND 3) available AST 
results for these antibiotics were similar between both blood cultures. Finally, to avoid selection and temporal bias, we 
excluded hospitals with incomplete or unstable microbiology reports over the study period (Supplementary File S1.2).

Data Collection
For each patient, gender, age, diagnoses (International Classification of Diseases (ICD-10) codes) and death date (if any) 
were extracted from the AP-HP CDW. For each episode, admission and discharge dates, intensive care unit (ICU) stay, 
date of blood culture collection, identified bacteria were extracted. For each bacterial isolate, antibiotic susceptibility 
testing (AST) results were extracted. Reported AST results used EUCAST clinical breakpoints (https://eucast.org/ 
clinical_breakpoints/) and the qualitative susceptibility categories of “Susceptible, standard dosing regimen” (S), 
“Susceptible, increased dosage” (I) and “Resistant” (R).
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Variables
Variables included in our analysis were either extracted directly from the database (eg gender) or calculated using 
extracted data (eg Charlson comorbidity index calculated using comorbidity-associated ICD-10 codes).

Patient variables included were gender, age, Charlson comorbidity index,11 ICD-10 codes for comorbidities,11 and 
mortality (in-hospital, in-hospital with or without ICU admission, 30-day and 90-day after first positive blood culture).

Episode variables included were the number of polymicrobial episodes, the length of stay (LOS) with bacteremia 
(defined as the time from the first positive blood culture to hospital discharge), ICU admission, and the primary site of 
infection (absence, cardio-vascular, congenital-perinatal, device-related, digestive tract, eye ear nose and throat, genital, 
bone and joint, lower respiratory tract, muscle, nervous system, sexually-transmitted, skin and soft tissues, urinary tract, 
others, and multiple primary sites; defined according to ICD-10 codes, as detailed in Supplementary Table S1).3 

Bacteremia episodes were classified as primary or secondary based on the absence or presence, respectively, of 
a recorded primary site. Episodes were classified as community-onset (CO) if the first positive blood culture was 
sampled < 48 hours after hospital admission, excluding patients transferred or discharged from an AP-HP hospital within 
7 days. Other episodes were classified as hospital-acquired (HA).

Bacterial isolate variables included were qualitative AST results for antibiotics commonly used to treat infections 
caused by that bacterial species. These were analyzed after deduplication by species and episode, favoring the most 
resistant AST results. For all antibiotics tested, except gentamicin in enterococci, strains reported as “susceptible, 
increased exposure” (I) were considered resistant. AMR rates were assessed according to the European Centre for 
Disease Prevention and Control (ECDC) combinations.1

Statistical Analysis
Patients, episodes, and bacterial isolates were analyzed separately, stratified by category of bacteremia (CO vs HA). 
Patient, episode, and bacterial variables are expressed as the median [first quartile (Q1), third quartile (Q3)] for 
continuous variables, and as counts (%) for categorical variables. Data are reported for the whole 4-year study period, 
and patient variables are stratified by year in the Supplementary Material. AMR rates were compared to ECDC data 
(based on blood or cerebrospinal fluid isolates) for France, which are reported to have a high representativeness.1

Annual bacteremia incidence was calculated from 2017 to 2019 and expressed as the total number of stays with 
bacteremia per 1000 stays. The total number of stays was collected from French Annual Health Facilities Statistics 
data.12 Incident stays were selected by excluding stays with a previous hospitalization with bacteremia within the past 12 
months. Changes in incidence were assessed by a χ2 test for trend, and a p value <0.05 was considered significant.

HiveQL, Python 3 and Spark Python 2.4.3 programming languages were used to structure the database and to 
compute statistical analyses. This study follows the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guideline.

Results
From 2016 to 2019, we identified 30,877 patients with clinically significant episodes of bacteremia in 23 hospitals. After 
excluding pediatric hospitals and those failing to meet quality checks, data from 14 hospitals were retained (Flowchart, 
Figure 1; Supplementary Table S2), covering approximately 22% of short stays in the Île-de-France region. Finally, 
a total of 29,228 patients (95%), with 29,228 first episodes of bacteremia (CO 41%, HA 59%) were included.

Patient Characteristics
Patients with a CO episode had a slightly higher median age at infection (68 vs 64 years), with a higher proportion of 
elderly patients (>80 years; 23% vs 13%), and fewer men (55% vs 62%) (Table 1). They had fewer comorbidities 
(Charlson score >0, 61% vs 78%), including half as many cancers (25% vs 43%), metastatic solid tumors (10% vs 16%) 
and vascular diseases (12% vs 18%). In comparison, patients with a HA episode had higher mortality rates (in-hospital, 
19% vs 14%; 30-day, 18% vs 15%; 90-day, 26% vs 20%). Notably, the 30-day mortality rate was slightly lower than the 
in-hospital mortality rate in the HA group (18% vs 19%), possibly due to stays longer than 30 days. In both groups, ICU 
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admission was associated with high in-hospital, 30-day and 90-day mortality rates (26–28%, 25–24%, 31–32%, 
respectively) compared to patients without ICU admission (8–13%, 10–13%, 15–22%, respectively). Patients’ character-
istics were stable between 2016 and 2019 (Supplementary Table S3).

Episode Characteristics
The median LOS with bacteremia was markedly higher in HA episodes (15 vs 8 days). ICU admission (45% vs 31%), 
polymicrobial bacteremia (19% vs 14%) and primary bacteremia (25% vs 22%) were also more frequent among HA episodes 

Acute care AP-HP hospitals (n=23)
30,877 patients

30,877 bacteremia episodes

Hospitals excluded (n=9)
- Pediatric hospitals (n=3)
- Quality check (n=6)

o Few microbiological data (n=3)
o Unstable microbiology reporting (n=3)

Included hospitals (n=14)
29,228 patients

29,228 bacteremia episodes
35,927 bacterial isolates

HA episodes
17,116 patients
17,116 episodes

21,632 bacterial isolates

CO episodes
12,112 patients
12,112 episodes

14,295 bacterial isolates

Figure 1 Flowchart of the selection process for the Bacthub database, Greater Paris university hospitals, 2016–2019. 
Abbreviations: AP-HP, Assistance Publique - Hôpitaux de Paris; CO, community onset; HA, hospital acquired.

Table 1 Characteristics of Patients with Bacteremia in the Bacthub 
Database, 2016–2019

CO HA

No. of patients 12,112 (41.44) 17,116 (58.66)

Men 6678 (55.14) 10,576 (61.79)

Age, years 68 [54–80] 64 [52–74]

18–35 953 (7.87) 1473 (8.61)

35–50 1496 (12.35) 2453 (14.33)

50–65 3002 (24.79) 5312 (31.04)

65–80 3823 (31.56) 5607 (32.76)

>80 2838 (23.43) 2271 (13.27)

Charlson scorea 2 [0–3] 2 [1–5]

0 4159 (39.13) 3261 (22.18)

1–2 3418 (32.16) 5208 (35.42)

3–4 1331 (12.52) 2404 (16.35)

5–6 520 (4.89) 1059 (7.20)

7–8 870 (8.19) 1948 (13.25)

>8 330 (3.11) 822 (5.59)

(Continued)
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Table 1 (Continued). 

CO HA

Comorbiditya

Any malignancyb 2709 (25.49) 6264 (42.61)

Metastatic solid tumor 1054 (9.92) 2363 (16.07)

Congestive heart failure 1572 (14.79) 2815 (19.15)

Diabetes 2102 (19.78) 2940 (20.00)

Uncomplicated 1315 (12.37) 1764 (12.00)

Chronic complication 787 (7.40) 1176 (8.00)

Vascular disease 1261 (11.86) 2716 (18.47)

Coronary 185 (1.74) 496 (3.37)

Peripheral 597 (5.62) 1237 (8.41)

Cerebrovascular 581 (5.47) 1347 (9.16)

Renal disease 1337 (12.58) 2152 (14.64)

Liver disease 1004 (9.45) 1757 (11.95)

Mild 659 (6.20) 945 (6.43)

Moderate / severe 345 (3.25) 812 (5.52)

Chronic pulmonary 
disease

716 (6.74) 1177 (8.01)

Dementia 532 (5.01) 562 (3.82)

Hemiplegia or paraplegia 296 (2.79) 941 (6.40)

Rheumatologic disease 154 (1.45) 240 (1.63)

Mortality

In-hospital 1636 (13.51) 3302 (19.29)

ICU admission 993/3758 (26.42) 2110/7615 (27.71)

No ICU admission 643/8354 (7.70) 1192/9501 (12.55)

30-day 1765 (14.57) 3028 (17.69)

ICU admission 951/3758 (25.31) 1788/7615 (23.48)

No ICU admission 814/8354 (9.74) 1240/9501 (13.05)

90-day 2376 (19.62) 4451 (26.00)

ICU admission 1154/3758 (30.71) 2411/7615 (31.66)

No ICU admission 1222/8354 (14.63) 2040/9501 (21.47)

Notes: Data are expressed as the median [first quartile, third quartile] for continuous 
variables, and as counts (%) for categorical variables. aData available for 10,628 and 14,702 
patients in the CO and HA group, respectively. bIncluding leukemia and lymphoma. 
Abbreviations: CO, community-onset; HA, hospital-acquired; ICU, intensive care unit.
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(Table 2). In secondary bacteremia, multiple primary sites of infection were frequently identified, especially in HA episodes (35% 
vs 24%). The main unique primary sites of infection were the urinary tract (UTI, CO 19%, HA 9%), the lower respiratory tract 
(LRTI, CO 11%, HA 10%), and the digestive tract (DTI, CO 9%, HA 6%), with a clear predominance of UTI in CO episodes. 
Device-related infections accounted for 6–7% of secondary infections in both groups, among which venous or arterial catheter- 
related infections were predominant (3% and 5% in the CO and HA groups, respectively). Skin and soft tissue, cardio-vascular and 
bone-joint infections were less frequent in both groups (3–4%, 1–2% and 1%, respectively).

Bacterial Characteristics and Antimicrobial Resistance
After deduplication by species and episode, 35,927 bacterial isolates were analyzed. The three most identified species 
(Table 3) among both CO and HA episodes were Escherichia coli (CO 27%, HA 15%), Staphylococcus aureus (12% in 

Table 2 Clinical Features of Bacteremia in the Bacthub Database, 2016–2019

CO HA

No. of episodes 12,112 (41.44) 17,116 (58.66)

Polymicrobial 1660 (13.71) 3318 (19.39)

LOS with bacteremia, days 8.0 [3.0–17.0] 15.0 [7.0–29.0]

≤7 5903 (48.7) 4592 (26.8)

7–14 2599 (21.46) 3908 (22.83)

14–30 2350 (19.40) 4663 (27.24)

30–60 992 (8.19) 2669 (15.59)

>60 268 (2.21) 1284 (7.50)

ICU admission 3758 (31.03) 7615 (44.49)

Infection sitea,b

Primary bacteremiac 2292 (21.57) 3606 (24.53)

Secondary bacteremia

Multiple sitesd 2544 (23.94) 5202 (35.38)

Urinary tract 2034 (19.14) 1252 (8.52)

Lower respiratory tract 1151 (10.83) 1511 (10.28)

Digestive tract 968 (9.11) 839 (5.71)

Device-related 594 (5.59) 1054 (7.17)

Skin and soft tissue 386 (3.63) 493 (3.35)

Cardio-vascular 178 (1.68) 107 (0.73)

Bone and Joint 155 (1.46) 119 (0.81)

Otherse 109 (1.03) 316 (2.15)

Notes: Data are expressed as the median [first quartile, third quartile] for continuous variables, and 
as counts (%) for categorical variables. aOnly the top 10 primary infection sites in each category are 
shown. bData available for 10,628 and 14,702 episodes of CO and HA bacteremia, respectively. cNo 
ICD-10 code of bacterial infection during the hospital stay, excluding bacteremia codes. dPresence of 
ICD-10 codes referring to multiple categories of bacterial infection. eThis category is mainly com-
posed of codes T81.4 (Infection following a procedure), A49 (Bacterial infection of unspecified site) 
and R02 (Gangrene, not elsewhere classified). 
Abbreviations: CO, community-onset; HA, hospital-acquired; ICU, intensive care unit; LOS, length 
of stay.
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both groups) and Klebsiella pneumoniae (CO 5%, HA 7%). The fourth and fifth most identified species were 
Streptococcus pneumoniae (4%) and Enterococcus faecalis (3%) in CO episodes, and Pseudomonas aeruginosa (7%) 
and Staphylococcus epidermidis (7%) in HA episodes.

Mortality rates differed by pathogen and by bacteremia onset (Supplementary Table S4). The lowest mortality rates 
were found in CO bacteremia due to a Streptococcus species (S. pneumoniae, S. agalactiae, S. pyogenes) (in-hospital, 9– 
13%; 90-day, 14–16%) or in Bacteroides fragilis HA bacteremia (in-hospital, 14%; 90-day, 18%). Other etiologies, 
including E. faecalis, S. aureus, S. epidermidis, K. pneumoniae, Proteus mirabilis, Enterobacter cloacae, were associated 
with high in-hospital mortality rates (14–21%), which increased by 6 to 10% at 90 days (21–28%). For all bacteria 
studied in both the CO and HA groups, except S. aureus and P. aeruginosa, in-hospital and 90-day mortality rates were 
higher in the HA group. Bacteria associated with the highest mortality rates were P. aeruginosa (in-hospital, 24–25%; 90- 
day, 31–33%) in the CO and HA group, and especially E. faecium in the HA group (in-hospital, 40%; 90-day, 46%).

Third-generation cephalosporin resistance (3GC-R) was very frequent in E. coli and especially in K. pneumoniae 
isolates, in both CO (E. coli, 13%; K. pneumoniae, 21%) and HA episodes (E. coli, 17%; K. pneumoniae, 37%, Table 4). 
3GC-R was more frequent in K. pneumoniae than E. coli in CO episodes only when the primary site was urinary (31% vs 
14% for E. coli, Figure 2), but in HA episodes whatever the primary site. The rate of methicillin resistance in S. aureus 
isolates was close to 10–15% in both CO and HA episodes and regardless of the primary infection site, except for UTI in 
which case methicillin resistance reached 20–25%.

Table 3 Distribution of Bacterial Isolates in the Bacthub Database, 2016–2019

CO HA

No. of unique bacterial species 14,295 (39.79) 21,632 (60.21)

E. coli 3832 (26.81) 3151 (14.57)

S. aureus 1672 (11.70) 2513 (11.62)

K. pneumoniae 754 (5.28) 1500 (6.93)

S. pneumoniae 529 (3.70) –

S. epidermidis 354 (2.48) 1403 (6.49)

P. aeruginosa 345 (2.41) 1427 (6.60)

E. faecalis 448 (3.13) 1069 (4.94)

P. mirabilis 225 (1.57) –

S. agalactiae 215 (1.50) –

S. pyogenes 192 (1.34) –

E. cloacae – 832 (3.85)

E. faecium – 627 (2.90)

B. fragilis – 346 (1.60)

S. haemolyticus – 320 (1.48)

Notes: Bacterial isolates data are expressed as numbers (%). Only the 10 most identified species of 
each category are reported. 
Abbreviations: B. fragilis, Bacteroides fragilis; CO, community-onset; E. cloacae, Enterobacter cloacae; 
E. faecalis, Enterococcus faecalis; E. faecium, Enterococcus faecium; E. coli, Escherichia coli; HA, hospital- 
acquired; K. oxytoca, Klebsiella oxytoca; K. pneumoniae, Klebsiella pneumoniae; P. mirabilis, Proteus mirabilis; 
P. aeruginosa, Pseudomonas aeruginosa; S. aureus, Staphylococcus aureus; S. epidermidis, Staphylococcus 
epidermidis; S. haemolyticus, Staphylococcus haemolyticus; S. agalactiae, Streptococcus agalactiae (group B); 
S. dysgalactiae, Streptococcus dysgalactiae; S. pneumoniae, Streptococcus pneumoniae; S. pyogenes, 
Streptococcus pyogenes (group A).
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Table 4 Rates of Resistance to Antibiotics (in Percent) of Bacterial 
Isolates in the Bacthub Database, 2016–2019

CO HA

Escherichia coli

Aminopenicillins 62.0 68.6

3GC 13.1 17.2

Carbapenems 0.1 0.4

Fluoroquinolones 21.9 23.0

Aminoglycosides 10.6 12.9

Staphylococcus aureus

Methicillin 11.2 14.2

Rifampicin 1.4 1.7

Fluoroquinolones 10.1 12.3

Klebsiella pneumoniae

3GC 21.0 37.1

Carbapenems 0.4 1.9

Fluoroquinolones 21.6 33.2

Aminoglycosides 15.3 27.1

Streptococcus pneumoniae

Penicillin non-wild-typea 18.7 -

Macrolides 19.0 -

Fluoroquinolones 9.1 -

3GC 0.9 -

Staphylococcus epidermidis

Methicillin - 84.8

Rifampicin - 16.2

Fluoroquinolones - 70.7

Pseudomonas aeruginosa

Pip-tazobactam - 16.7

Ceftazidime - 11.2

Carbapenems - 20.4

Fluoroquinolones - 12.1

Aminoglycosidesb - 6.8

Multi-drug resistancec 9.4

(Continued)
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In CO episodes, 19% of S. pneumoniae isolates were penicillin non-wild-type, while 8% of E. faecalis isolates had 
a high-level resistance to gentamicin. In HA episodes, Pseudomonas aeruginosa isolates had significant levels of 
resistance to carbapenems (20%), piperacillin-tazobactam (17%), fluoroquinolones (12%), ceftazidime (11%), and multi- 
drug resistance (9%); the rate of vancomycin-resistant E. faecium was 1.3%.

Combining CO and HA episodes, E. coli resistance rates were somewhat higher than those reported by ECDC for 
France for all evaluated resistances (3GC, 15% vs 9–11%; fluoroquinolones, 22% vs 16–17%; aminoglycosides, 12% vs 
7–8%), and were closer to overall Europe-wide ECDC rates (Tables 5; Supplementary Table S5).1 By contrast, the 
MRSA rate (13%), and K. pneumoniae resistance rates (3GC, 32%; fluoroquinolones, 29%; aminoglycosides, 23%), were 
close to French ECDC rates. P. aeruginosa resistance rates (piperacillin-tazobactam, 15%; fluoroquinolones, 12%; 
ceftazidime, 11%; multi-drug resistance 9%) were also close to French ECDC rates, except for carbapenems (20% vs 
13–16%) and aminoglycosides (7% vs 8–11%). Rates of high-level resistance to gentamicin among E. faecalis isolates 
(9% vs 12–15%) and non-wild-type penicillin phenotype among S. pneumoniae isolates (21% vs 25%) were lower in our 
data than in French ECDC data.

Figure 2 Rates of resistance of bacterial isolates in the blood to major antimicrobials, per primary infection site. (A) Third generation cephalosporins resistance rate of 
E. coli and K. pneumoniae isolates. (B) Methicillin resistance rate of S. aureus isolates. 
Note: Only primary infection sites with at least 50 isolates per bacterial species are described. 
Abbreviations: CO, community onset; HA, hospital acquired.

Table 4 (Continued). 

CO HA

Enterococcus faecalis

Gentamicin high-level resistance 8.1 -

Vancomycin 0.2 -

Enterococcus faecium

Vancomycin 1.3

Notes: Resistance rates are expressed as percent. They are shown for the 5 most 
identified species of each category, and for Enterococcus faecium. For all antibiotics 
tested, except gentamicin in enterococci, strains reported as “susceptible, increased 
exposure” (I) were considered resistant. aPriority was given to penicillin susceptibility 
test results over oxacillin results. The term penicillin non-wild-type refers to 
S. pneumoniae isolates reported by local laboratories as “susceptible, increased expo-
sure” (I) or resistant (R) to penicillin. bTobramycin resistance. cCombined resistance to 
≥3 antimicrobial groups among piperacillin+tazobactam, ceftazidime, carbapenems, 
fluoroquinolones and aminoglycosides, according to the definition of the ECDC. 
Abbreviations: 3GC, Third generation cephalosporins; CO, community-onset; HA, 
hospital-acquired; HL, high-level; pip-tazobactam, piperacillin + tazobactam.
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Incidence
Annual bacteremia incidence rates were 20.0 stays with bacteremia per 1000 stays in 2017 (7288/364,021 95% 
confidence interval (CI) 19.6–20.5), 20.9 in 2018 (7531/359,534, 95% CI 20.5–21.4), and 22.1 in 2019 (7767 / 
351,367, 95% CI 21.6–22.6). Bacteremia incidence increased significantly from 2017 to 2019 (p < 0.0001).

Table 5 Rates of Resistance to Antibiotics and Trend of Evolution in the Bacthub Database, Compared to ECDC Data

All Years Bacthub 
(2016–2019)

Trend 
2016– 
2019

All Years ECDC 
France (2016–2019)

Trend 
2015– 
2019

All Countries 
ECDC (2016–2019)

Trend 
2015– 
2019

E. coli

Aminopenicillins 64.94% 57.2% - 54.5% < 59.0% - 57.1% <

3GC 14.95% < 11.2% - 8.8% < 14.9% - 15.1% >

Carbapenems 0.25% > 0% - 0% 0.1% - 0.3% >

Fluoroquinolones 22.42% < 16.7% - 16.0% < 25.2% - 23.8% <

Aminoglycosides 11.60% < 7.9% - 7.0% < 11.6% - 10.8% <

S. aureus

Methicillin 12.98% 13.8% - 11.6% < 17.7% - 15.5% <

K. pneumoniae

3GC 31.70% 28.9% - 30.2% 31.4% - 31.3%

Carbapenems 1.39% 0.4% - 1.0% > 7.4% - 7.9% >

Fluoroquinolones 29.30% 27.7% - 30.9% 30.3% - 31.2% >

Aminoglycosides 23.19% 26.2% - 23.4% < 24.4% - 22.3% <

P. aeruginosa

Pip-tazobactam 15.37% 16.0% - 16.7% > 17.5% - 16.9% <

Ceftazidime 10.47% 11.3% - 11.5% 14.4% - 14.3% <

Carbapenems 19.86% 15.6% - 12.7% < 18.2% - 16.5% <

Fluoroquinolones 12.06% < 13.6% - 13.7% < 18.8% - 18.9% <

Aminoglycosidesa 6.48% < 10.7% - 7.8% < 14.0% - 11.5% <

Multi-drug resistancec 9.00% < 10.3% - 8.0% < 13.4% - 12.1% <

S. pneumoniae

Penicillin NWTb 21.13% 25.3% - 25.3% 13.1% - 12.1% <

Macrolides 22.00% 22.9% - 19.4% < 16.6% - 14.5% <

E. faecalis

Gentamicin HLR 9.27% 15.0% - 12.0% < 31.8% - 26.6% <

Notes: For all antibiotics tested, except gentamicin in enterococci, strains reported as “susceptible, increased exposure” (I) were considered resistant. The statistical 
significance of trends was assessed by a χ2 test for trend, and a p-value of <0.05 was considered significant. Only statistically significant results are described (<, decreasing 
trend; >, increasing trend). aTobramycin resistance rates in Pseudomonas isolates from the Bacthub database were compared to Tobramycin/Gentamicin/Netilmicin resistance 
rates in Pseudomonas isolates from the ECDC. bPriority was given to penicillin susceptibility test results over oxacillin results. The term penicillin non-wild-type refers to 
S. pneumoniae isolates reported by local laboratories as “susceptible, increased exposure” (I) or resistant (R) to penicillin. cCombined resistance to ≥3 antimicrobial groups 
among piperacillin+tazobactam, ceftazidime, carbapenems, fluoroquinolones and aminoglycosides, according to the definition of the ECDC. 
Abbreviations: 3GC, Third generation cephalosporins; HLR, high-level resistance; NWT, non-wild-type; pip-tazobactam, piperacillin + tazobactam.
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Discussion
In this study, we describe the clinical and microbiological characteristics of almost 30,000 adult patients hospitalized 
with bacteremia between 2016 and 2019 across 14 acute care university hospitals in the Greater Paris area. The 
proportions of CO and HA episodes (41% and 59%) are consistent with estimates from the literature.13–15 Among all 
episodes, 17% were polymicrobial; this rate appears to be approximately twice as high as in previous works.13,14,16,17 In- 
hospital and 30-day mortality rates were similar, reaching 14–15% in patients with a CO episode, and 18–19% in patients 
with a HA episode. The 30-day mortality rate was similar in CO episodes, but lower in HA episodes, relative to estimates 
reported by two Danish studies from a decade ago.18,19 Of note, our results show a marked difference in in-hospital and 
30-day mortality rates between patients with (range, 24–28%) and without (8–13%) ICU admission. To our knowledge, 
no study has estimated the 90-day mortality of patients by bacteremia onset, regardless of the bacterial species. We found 
high 90-day mortality rates in both the CO (20%) and HA (26%) groups; these rates reached 31–32% in patients who 
were admitted to the ICU during their stay, compared to 15–22% among patients without an ICU stay. While all bacteria 
species were associated with high 90-day mortality rates, the highest rates were found for P. aeruginosa (~30%) and 
E. faecium (46%). Such high rates may be explained in part by the high prevalence of malignancy and cardiovascular 
disease in our patients, which were the leading causes of long-term mortality subsequent to bacteremia in a study by 
Nielsen et al.20

AMR rates in the Bacthub database were similar to rates from French ECDC data for K. pneumoniae, P. aeruginosa, 
S. aureus, and E. faecalis.1 Only rates of P. aeruginosa resistance to carbapenems and E. coli resistance to all tested 
antibiotics were clearly higher in the Bacthub database. Data from antibiotic resistance surveillance systems in France 
show that the Greater Paris area is among the regions with the highest rates of 3GC-R and ESBL production in E. coli 
isolates, in both community and hospital settings.21,22 These results suggest a greater circulation of antibiotic-resistant 
E. coli strains in the Greater Paris area relative to the rest of France, which may partially explain our results. 
P. aeruginosa resistance to carbapenems is mainly due to chromosomal mutations, leading to loss or inactivation of 
the OprD porin and/or hyperexpression of efflux pumps.23 The main risk factors for this resistance in the literature are 
exposure to antibiotics (especially carbapenems), medical devices, the presence of comorbidities, and ICU admission.24 

Therefore, our results likely reflect a higher incidence of HA bacteremia and greater exposure to healthcare and 
antibiotics in the Bacthub population. Indeed, the 14 hospitals included in our database are university-affiliated, with 
several being centers of expertise in infectious diseases. Thus, they treat particular and more comorbid patient popula-
tions than other health centers in the region. Despite these differences, overall trends in bacterial resistance over the study 
period in our database were consistent with both French and Europe-wide ECDC data.1

While most bacteremia databases are purely microbiological, the Bacthub database contains clinical data, allowing us 
to estimate bacteremia incidence at a multi-hospital level: 20–22 stays with bacteremia / 1000 stays. This estimate is 
higher than in previous multicenter surveys,14,25 which could be explained by a progressive increase in bacteremia 
incidence over the years, which may in turn be linked to a progressive increase in life expectancy, as the elderly are most 
at risk.18,25 Trends in incidence may further be explained by the particularities of the populations treated in the included 
hospitals.

Few studies have used CDWs to study acute infections, whether viral infections (SARS-CoV-2,8 HIV,9 HCV), 
bacteremia7 or otherwise. Hospital data usually have numerous quality problems linked to the heterogeneity of reporting, 
extensive data missingness, incomplete data structuring, and the multiplicity of software programs used.10 These factors 
often affect the validity of studies drawing upon hospital data. In our case, studying bacteremia using a highly 
representative microbiological database facilitated accurate infection reporting, as bacteremia diagnosis is reliable 
based purely on microbiological data. Moreover, we included a quality check to ensure that our results were representa-
tive of the hospitals included. After structuring our database, we described several major features of bacteremia that 
cannot typically be reported from microbiological databases alone, including patient and episode characteristics and 
clinical outcomes. The stability of our data over the years and the concordance of our main results with the literature 
suggest that this database can be reliably used for research purposes.
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Our study has several limitations. Our definition of CO infection excluded patients discharged from any AP-HP 
hospital within 7 days prior to their admission. However, as AP-HP hospitals only cover one third of acute stays in the 
Île-de-France region, it is possible that some patients were wrongly classified as having CO infection. Furthermore, 
within CO bacteremia, we were not able to differentiate healthcare-associated from community-acquired bacteremia.26 

This may explain high rates of MRSA in the CO group, despite the low circulation of epidemic MRSA strains in the 
community in France over the study period. Finally, we used ICD-10 codes to determine the primary site of infection. No 
data are available to assess the reliability of this method, although widely used, in studies of medical-administrative 
databases.3 With this method, one quarter of episodes were classified as primary bacteremia. This rate is higher than rates 
reported in two previous studies that used clinical and microbiological criteria to determine the primary site.14,15 

Nevertheless, the distribution of primary infection sites, as well as the distribution of bacterial isolates by infection 
site, are consistent with previous reports,14 supporting the interpretability of diagnostic codes used in the database. An 
alternative approach could be to define primary infections based on a combination of clinical, biological, microbiological, 
and sometimes radiological criteria. However, the wide spectrum of potential primary sites in bacteremia, and the lack of 
reliable physiological data, prevented us from using this method. One way forward would be to extract this information 
from medical reports using natural language processing models, which to our knowledge has not yet been reported.

Overall, our experience with bacteremia shows that CDWs can be used as a reliable tool for conducting epidemio-
logical research on acute bacterial infections, by combining diverse sources of information from clinical settings. 
Moreover, linking CDW data with various other databases, including diverse medical-administrative databases from 
both healthcare and community settings, could further increase their scope and research potential.4,27,28 For instance, the 
Bacthub database could be enriched with data from the French National Health Data System, a medical-administrative 
database which records healthcare and office medicine reimbursements for the French population.29 To overcome the 
main limitation of using CDWs for epidemiological research – the variable quality and completeness of hospital data – 
we call for increased collaboration between IT professionals and physicians, especially in the early stages of CDW 
development, to smooth the process of qualifying and structuring the data into a format suitable for research.

In conclusion, the Bacthub database is the first in France, and one of few on an international scale,27,28 to combine highly 
accurate clinical and microbiological data for bacteremia episodes across a large multi-hospital group. The richness of the AP- 
HP CDW data allowed us to estimate in-hospital, 30-day and 90-day mortality rates for patients with community-onset and 
hospital-acquired episodes, and to provide a detailed overview of bacterial resistance data according to the bacteremia onset, 
the bacteria, and the primary infection site. The database offers several prospects for future research, including analyzing 
hospital care pathways of patients with bacteremia, and studying significant outcomes such as risk factors of mortality or 
recurrence of infection. In addition, these results could help guide the management of patients with bacteremia, including 
choice of antimicrobial therapy. Finally, linking the database to community-level data from the French National Health Data 
System, for instance, would facilitate description of care pathways and antibiotic exposure prior to hospitalization, allowing 
for more thorough study of community-acquired infections.

Abbreviations
3GC-R, third-generation cephalosporin resistant; AMR, antimicrobial resistance; AP-HP, Assistance Publique - Hôpitaux 
de Paris; AST, antibiotic susceptibility testing; CDW, Clinical data warehouses; CO, community-onset; DTI, digestive 
tract infection; ECDC, European Centre for Disease Prevention and Control; HA, hospital-acquired; ICD-10, 
International Classification of Diseases; ICU, intensive care unit; LRTI, lower respiratory tract infection; MRSA, 
methicillin-resistant S. aureus; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; UTI, 
urinary tract infection.
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