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Abstract
Diagnostic uncertainty is common in the emergency room and multidrug-resistant bacteria emerge in the community setting,
implying to establish the most efficient empirical antibiotic therapy (eEAT). Our aim was to identify such eEAT, considering that
in case of DU with severe clinical presentation, most prescribers would propose an empiric combination (EC). The medical
dashboard of our ward records prospectively 28 characteristics of each hospitalization including hospitalization motive, final
diagnosis, and all antibiotics prescribed. All patients with community-acquired bacteremia (CAB) were included. DU was
defined by a discrepancy between suspected diagnosis in the emergency room and final diagnosis. eEAT was defined by
in vitro activity of at least one prescribed compound. Finally, independently from the dashboard, we retrospectively compared
2 CTs: amoxicillin/clavulanic acid (AMC)+gentamicin (G) and cefotaxime (3GC)+G. One thousand thirty-four patients with a
final diagnosis of CAB were identified from July 2005 to June 2018, including 357 DU (35%) at baseline. eEAT (n = 553) was
associated with a trend towards a lower death rate compared to inefficient therapies: 5.4 vs 10.0% (p = 0.053), and effective
antibiotic reassessment was the most protective factor against an unfavorable outcome: 0.34 (0.16–0.71). Bacteria involved in
case of UD were resistant to AMC+G and to 3GC+G in 8.1% and 12.8% of patients, respectively. Diagnostic uncertainty was a
frequent event requiring antibiotic reassessment. As the latter was not systematically realized, the best eEAT is required and
AMC+aminoglycoside should be considered.
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Background

Patients managed in the emergency room can be considered as
having infection and requiring prompt antibiotic treatment be-
cause of organ failure. However, frequently the primary focus

may remain unknown during the first hours after admission: 10
to 30% of patients do not have a definitive diagnosis following
first clinical evaluation,which in turn has a negative impact on the
final outcome [1–5]. No guidelines are available to help the cli-
nician in such situation to choose the most appropriate treatment.
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Due to antibiotic misuse, multidrug-resistant (MDR) bac-
teria have become a widespread concern in clinical medicine
[6]. Several guidelines now take into consideration the risk of
MDR bacteria involvement for antibiotic choice during em-
pirical treatment [7, 8], even in the community setting.
However, MDR bacteria prevalence is highly variable, de-
pending on both patient-related and environmental factors
[6, 8]. Data on MDR bacteria in the context of community-
acquired infections are scarce except for cutaneous infections
in the USA and urinary infections worldwide [2, 7, 9, 10].

The conjunction of diagnostic uncertainty with the back-
ground of enhanced rate of MDR bacteria leads the clinician
to prescribe a combination of antibiotics as empirical treat-
ment, especially if organ dysfunction is observed [11–13].
Based on microbiological data of bacteremic patients in the
community setting, we aimed to identify the most suitable
antibiotic combination for patient with diagnostic uncertainty,
therefore at risk for unfavorable outcome.

Methods

Patient selection and characteristics

This was an observational study realized in Nice University
Hospital, a tertiary care center with only one infectious dis-
eases department. It was based on our medical dashboard,
which was put into practice since July 2005 and previously
described in [2, 3]. This dashboard works as a database, de-
clared and approved by the French Data Protection Authority
number 1430722.

As the software allows diagnosis or diagnosis-related
group (DRG) selection, it is easy to study the main patient’s
characteristics and evolution of a specific disease. Regarding
severity, terminology used in patient’s final report was trans-
lated in the dashboard.

We included all patients with community-acquired bacter-
emia from July 2005 to June 2018.

Diagnostic uncertainty (DU) was defined by a discrepancy
between diagnosis suspected at admission and final diagnosis
at discharge. This definition included patients for whom no
clear diagnosis appeared as the reason for hospitalization, e.g.,
mostly fever of unknown origin.

Bacteriological studies

We specifically checked in the patient’s chart the accuracy of
the blood culture results and the community-acquired infec-
tion characteristics when the bacteria isolated was usually in-
volved in nosocomial infections, such as ESBL-producing
Enterobacteriaceae and Pseudomonas aeruginosa. All
polymicrobial blood cultures were also assessed in the pa-
tient’s chart.

Blood cultures were collected directly during the venipunc-
ture procedure using aerobic (Bact/AERT® FA Plus,
Biomérieux, France) and anaerobic (Bact/AERT® FN Plus,
Biomérieux, France) blood culture bottles, and were then sent
to the laboratory and processed with an automated Bact/
ALERT 3D system (BioMérieux, France). Specific culture
for Mycobacterium spp. was also performed if clinically
suspected. Bottles that showed a positive signal in the Bact/
ALERT 3D system were routinely subjected to Gram staining
and subcultured at least on blood agar plates and upon results
of Gram onDrigalski agar or on chocolate agar. Colonies were
identified using the API system (bioMérieux) and, since 2013,
MALDI-TOF MS Microflex LT (Bruker Daltonics GmbH,
Bremen, Germany) according to the manufacturer’s recom-
mendation. Antibiograms were carried out by the diffusion
method in Mueller-Hinton agar (MH BioMerieux SA,
Marcy-l’Étoile, France) with BioRad discs (Marnes-la-
Coquette, France) and interpreted according to the
Antibiogram Committee of the French Microbiology Society
recommendations using the Sirweb (I2A) software. Synergy
was observed by placing third generation cephalosporin discs
around discs containing clavulanic acid.

We specifically recorded microbial data regarding in vitro
susceptibility to amoxicillin/clavulanic acid (AMC), cefotax-
ime or ceftriaxone (3GC), gentamicin (G), and their combina-
tions, AMC+G and 3GC+G.

According to recent consensual definitions [14], inappro-
priate antibiotic therapy was defined as the use of antimicro-
bials to which the pathogen was resistant.

An effective antibiotic reassessment was defined as any
modification (including the first introduction) of the initial
antibiotic treatment, irrespective of the time of change.

Unfavorable outcome was defined as patient death during
the hospital stay.

Statistical analysis

Data were analyzed with StatView software version 5.0
and statistical significance was established at α = 0.05.
Continuous variables were compared with the Student’s t
test or the Mann–Whitney non-parametric test. Proportions
were compared with the χ2 statistic or Fisher’s exact test
when appropriate. Logistic regression was used to deter-
mine in multivariate analysis the risk factor for all-cause
in-hospital mortality. The results are presented as adjusted
odds ratios (AORs), along with their 95% confidence in-
tervals (CIs).

Results

Patient selection is described in Fig. 1. A total of 1034 CAB
were included from July 2005 to June 2018, representing

896 Eur J Clin Microbiol Infect Dis (2019) 38:895–901



8.7% of all community-acquired infections admitted in our
department that had blood cultures collected.

Main patient characteristics are presented in Table 1,
according to diagnostic accuracy. Diagnostic uncertainty
was observed for 357 patients (35%), mainly in respiratory
infections DRG: 57/149 (38%). Also, these diagnostic un-
certainties included 164/357 (46%) patients presented with
fever of unknown origin. Regarding antibiotic treatment, 7
patients died before any therapeutic prescriptions,

including 2 patients benefiting of palliative care; there
were analyzed as inefficient treatment. Efficient empirical
antibiotic treatment (eEAT) was observed in 924 cases
(89%) and was less frequent in case of uncertain diagnosis:
87% vs 91%, p = 0.055. The rate of antibiotic reassessment
(2 antibiotic treatments prescribed successively) was 53%
(see Table 1).

Unfavorable outcome was observed in 61 cases (5.8%).
Risk factors for unfavorable outcome are shown in Table 2.

Infectious diseases
n = 13581 (85.8%)

Exclusion criteria
1796 patients with 

health-care associated infections (11.3%)

Patients with community-acquired infections
n = 11785 (74.4%)

Medical Dashboard 
from July 2005 to June 2018

Patients, n = 15827

Exclusion criteria
Non-infectious diseases
2246 patients (14.2%)

patients with community-acquired infections and
blood culture performed 

n = 10052 (63.5%)

Exclusion criteria
1733 patients without blood culture (10.9%)

Exclusion criteria
8283 patients with sterile blood culture (52.3%)

patients with positive blood culture in community-
acquired setting

n = 1769 (11.1%)

Exclusion criteria
735 patients presenting with previously diagnosed 
bacteraemia or endocarditis at admission (4.6%)

patients with undiagnosed bacteraemia in 
community-acquired setting, n = 1034 (6.5%)
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Fig. 1 Population study. Selection of community-acquired bacteremia according to successive exclusion criteria



eEAT (n = 553) was associated with a lower death rate com-
pared to inefficient therapies without reaching statistical sig-
nificance: 5.4 vs 10.0% (p = 0.053). Urinary source of CAB
and effective antibiotic reassessment were protective factors
of unfavorable outcome: AOR = 0.42, p = 0.003 and 0.34, p =
0.012 respectively. In contrast, neurological and/or psychiatric
co-morbid conditions were associated with unfavorable out-
come: AOR = 3.05, p < 0.001, as well as severe forms of in-
fections: AOR = 5.09, p < 0.001, and ESBL positive strains
bacteremia: AOR = 7.48, p < 0.001.

As eEAT was consistent with a protective factor for un-
favorable outcome, but was also inconstant, the question
was the determination of the best empirical therapy.
Blood culture results as well as susceptibility to both anti-
biotic combinations AMC+G and 3GC+G are indicated in
Table 3. As expected, Enterobacteriaceae were predomi-
nant, accounting for 437 cases (42%), including 56 ESBL-
producing strains (13%). Streptococci were more frequent-
ly isolated (21%) than Staphylococcus aureus (16%),
among which only 3 cases of methicillin resistant

Table 1 Patient comparison
according to diagnosis accuracy.
Univariate analysis. The
presumed clinical diagnosis, at
the time of the empirical antibiotic
prescriptions, had to be
considered by comparison with
the final diagnosis. Diagnostic
uncertainty was defined by a
discrepancy between diagnosis
suspected at admission and final
diagnosis at discharge

Accurate diagnosis
n = 677 (65%)

Diagnostic uncertainty
n = 357 (35%)

p Total
n = 1034

Age (years) 66 ± 18 68 ± 18 0.028 67 ± 18

Sex-ratio (M/F) 1.28 1.62 0.081 1.39

Comorbid conditions

Cardiovascular 318 (47) 190 (53) 0.056 508 (49)

Pulmonary 132 (19) 82 (23) 0.190 214 (21)

Neurological and/or psychiatric 128 (19) 87 (24) 0.039 215 (21)

Renal 97 (14) 56 (16) 0.558 153 (15)

Liver diseases 132 (19) 76 (21) 0.494 208 (20)

Cancer and/or immunodepression 74 (11) 56 (16) 0.028 130 (13)

Diabetes 131 (19) 62 (17) 0.436 204 (19)

Presumed diagnosis1

Urinary infections 239 (35) 20 (6) < 0.001 259 (25)

Respiratory infections 92 (14) 57 (16) 0.300 149 (14)

Digestive infections 37 (5) 23 (6) 0.522 60 (6)

Cutaneous infections 72 (11) 20 (6) 0.006 92 (9)

Neurologic infections 27 (4) 28 (8) 0.008 55 (5)

Cardiac infections 40 (6) 2 (1) < 0.001 42 (4)

Osteo-articular infections 92 (14) 14 (4) < 0.001 106 (10)

Others 78 (12) 30 (8) 0.119 108 (10)

Unspecified diagnosis or FUO2 – 164 (46) – 164 (16)

Severity

Severe sepsis or septic schok 45 (7) 18 (5) 0.305 63 (6)

Intensive care requirement 22 (3) 14 (4) 0.575 36 (3)

Main blood culture results

Enterobacteriaeae 291 (43) 146 (41) 0.518 437 (42)

Streptococcus spp 150 (22) 70 (20) 0.341 218 (21)

Staphylococcus aureus 109 (16) 54 (15) 0.682 164 (16)

Polymicrobial blood culture 60 (9) 45 (13) 0.058 107 (10)

Efficient empirical therapy3 614 (91) 310 (87) 0.055 924 (89)

Effective antibiotic reassessment 373 (55) 180 (51) 0.208 553 (54)

In vitro activity

AMC+G-R 31 (4.5) 29 (8.1) 0.020 60 (5.8)

3GC+G-R 58 (8.5) 47 (12.8) 0.028 105 (10.1)

Death 35 (5.1) 26 (7.2) 0.170 61 (5.8)

1, presumed diagnosis = those indicated at admission in patient’s chart; 2, FUO = fever of unknown origin; 3,
regarding antibiotic treatment, 7 patients died before any therapeutic prescriptions, including 2 patients benefiting
of palliative care
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S. aureus were detected. Of note, polymicrobial CAB
amounted to 10% of the cases. In vitro data indicates that
250 bacteria were resistant to AMC (24%), 201 were resis-
tant to 3GC (19%) and 376 were resistant to G (36%).
Among the 56 ESBL-producing strains, 24 were also resis-
tant to G, but all were susceptible to amikacin. Considering
antibiotic combination, 5.8% of bacteria were resistant to
AMC+G and 10.1% were resistant to 3GC+G (see Tables 1
and 3). A total of 47 (4.5%) strains was resistant to both
antibiotic combinations, in particularly 24 ESBL producing
Enterobacteriaceae. Accordingly, based on in vitro antibi-
otic susceptibility data, the most efficient antibiotic combi-
nation in the subgroup of uncertain diagnosis was AMC+G
compared with 3GC+G: 92% vs 87%.

Discussion

Our work confirms previous studies showing that un-
certain diagnosis is frequent and associated with a
trend towards inappropriate empirical antibiotic therapy
[1, 2, 12, 13]. Also, effective antibiotic reassessment is
associated with a better outcome [1, 12, 15, 16].
Therefore, our study designates the vicious circle be-
tween uncertain diagnosis, inappropriate empirical anti-
biotic therapy, and unfavorable outcome in the absence
of antibiotic reassessment. Thus, defining the best em-
pirical antibiotic combination for patients with uncer-
tain diagnosis is of paramount importance, especially
because antibiotic reassessment is still limited in real-

Table 2 Risk factors for
unfavorable outcome. Univariate
analysis and logistic regression
analysis. Each 10 years or more
was associated with an increase of
the risk of death of 11%. AMC+
G-R = resistance to amoxicillin/
clavulanate+gentamicin; 3GC+
G-R = resistance to cefotaxim+
gentamicin

Survival n = 973
(94.1)

Death n = 61
(5.9)

p AOR

Age (years) 66 ± 18 78 ± 12 < 0.001

Sex-ratio (M/F) 1.39 1.34 0.890

Comorbid conditions

Cardiovascular 475 (49) 33 (55) 0.423

Pulmonary 206 (21) 8 (13) 0.131

Neurological and/or psychiatric 192 (20) 23 (38) < 0.001 3.05 (1.66–5.61)
Renal 140 (14) 13 (21) 0.139

Liver diseases 197 (20) 11 (18) 0.675

Cancer and/or immunodepression 122 (12) 8 (13) 0.895

Diabetes 181 (19) 12 (20) 0.835

Diagnostic uncertainty at admission 331 (34) 26 (43) 0.170

Final diagnosis

Urinary infections 254 (26) 5 (8) 0.001 0.42 (0.19–0.93)
Respiratory infections 137 (14) 12 (20) 0.227

Digestive infections 54 (5) 6 (10) 0.164

Cutaneous infections 86 (9) 6 (10) 0.790

Neurologic infections 51 (5) 4 (7) 0.656

Cardiac infections 36 (4) 6 (10) 0.018

Osteo-articular infections 101 (10) 5 (8) 0.585

Primary bacteremia 51 (5.6) 10 (8.0) 0.287

Others 60 (2) 1 (2) > 0.999

Severity

Severe sepsis or septic schok 50 (5) 13 (21) < 0.001 5.09 (2.33–11.09)
Intensive care requirement 27 (3) 9 (15) < 0.001

Main blood culture results

Enterobacteriaeae 424 (44) 13 (21) < 0.001

Streptococcus spp. 210 (22) 8 (13) 0.115

Staphylococcus aureus 142 (15) 21 (34) < 0.001 3.51 (1.81–6.80)
Polymicrobial blood culture 97 (10) 10 (16) 0.110

ESBL-positive strains 47 (4.8) 9 (14.7) < 0.001 7.48 (3.03–18.45)
Efficient empirical therapy 874 (90) 50 (82) 0.053

Effective antibiotic reassessment 539 (55) 14 (25) < 0.001 0.34 (0.16–0.71)
AMC+G-R 54 (5.5) 6 (9.8) 0.164

3GC+G-R 94 (9.6) 10 (16) 0.089
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life practice [1, 15]. As the first criteria of drug choice
in empirical antibiotic therapy is determined through
the in vitro susceptibility of the suspected bacteria,
our data indicated that AMC+G was superior to
3GC+G. Moreover, the superiority of AMC+G was sig-
nificant in the subgroup of patients with uncertain di-
agnosis, at least in part due to the resistance of
enteroccocal infections and polymicrobial bacteremia
to 3GC+G (see Tables 1 and 3).

One limit of our study is the monocentric characteris-
tic of the resistance epidemiology, so the resluts will be
applicable to geographical areas and health care facilities
displaying the same rate of MDR bacteria in the commu-
nity setting with a similar CAB epidemiology. For exam-
ple, our results will be not relevent in the USA, where
methicillin-resistant S. aureus is common, especially in
skin and soft tissue infections [7]. Also, the choice for
the aminoglycoside compound is not unequivocal: genta-
micin is certainly a major molecule in combination with
a penicillin for Gram-positive cocci such as streptococci,
but amikacin is usually a more effective drug for ESBL-

positive strains [17]. The negative impact of MDR bac-
teria such as ESBL-positive strains on the outcome has
been reported and have to be considered even in the
community settings [9, 18]. Lastly, in accordance with
our results, the bacteremic urinary infections was associ-
ated with a better outcome compared to the digestive
tract infections [18, 19]. We have previously reported
that the AMC+aminoglycoside combination is also a
good choice for primary bacteremia, defined by the ab-
sence of clinical diagnosis and fruitless investigations
[20].

Conclusion

Our studies and others suggest that in front of diagnostic
uncertainty, but still in the community setting, the empiri-
cal treatment of choice could be AMC+aminoglycosides.
These results have to be further validated in a prospective
comparative study in order to reduce the negative impact of
diagnostic uncertainty.

Table 3 Bacteria involved in
1034 community-acquired bac-
teremia over 13 years in one ter-
tiary care center and antimicrobial
resistance. Genre is indicated as
well as the 3 main species in-
volved. AMC+G-R = resistance
to amoxicillin/clavulanate+genta-
micin; 3GC+G-R = cefotaxim+
gentamicin

Total n = 1034
(%)

AMC+G-R
n = 60 (5.8%)

3GC+G-R (%)
n = 105 (10.1%)

Enterobacteriaceae 437 (42.2) 23 (2.0) 17 (1.7)

E. coli 338 (32.6) 17 12

Klebsiella spp 52 (5.0) 3 3

Salmonella spp 16 (1.5) 0 0

Other Enterobacteriaceae 31 (3.0) 3 2

Streptococcus spp 218 (21.0) 0 2 (< 1)

Alpha-hemolytic Streptococci 79 (7.6) 0 1

Streptococcus pneumoniae 77 (7.4) 0 1

Bêta-hemolytic Streptococci 62 (5.8) 0 0

Staphylococcus aureus 164 (15.8) 3 (< 1) 3 (< 1)

Polymicrobial blood sample 107 (10.3) 27 (2.6) 38 (3.8)

Including both GPC and GNB* 69 (6.6) 16 22

Including anaerobic species 15 (1.4) 2 9

Enterococci 34 (3.2) 2 34 (3.1)

Anaerobic species only** 21 (2.0) 0 7 (1.5)

Haemophilus spp 12 (1.1) 0 0

Campylobacter spp 12 (1.1) 0 1 (< 1)

Pseudomonas aeruginosa 9 (< 1) 2 (< 1) 2 (< 1)

Others*** 20 (1.9) 3 (< 1) 1 (< 1)

*Gram positive cocci and Gram negative bacilli

**Including polymicrobial blood samples with 2 or more anaerobic bacteria

***Others = Pasteurella multocida, n = 4; Neisseria meningitis, n = 3; Nocardia spp., n = 2; Gemella
haemolysans, n = 2; Bacillus spp., n = 1; Listeria monocytogenes, n = 1; Brucella melitensis, n = 1;
Cardiobacterium spp., n = 1; Mycobacterium avium, n = 1; Achromobacter xylosoxidans, n = 1; Pantoea spp.,
n = 1; Flavonifactor plautii, n = 1; Helicobacter cinaedi, n = 1
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