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SUMMARY

Objectives: To evaluate the appropriateness of antimicrobial treatment and the risk factors for mortality in
patients with negative blood cultures (BC), in order to evaluate whether this population would be a suitable
target for antimicrobial stewardship (AMS) interventions.

Methods: A multicentre prospective cohort study of patients with negative BC in three Spanish hospitals
between October 2018 and July 2019 was performed. The main endpoints were the appropriateness of
antimicrobial treatment (evaluated by two investigators according to local guidelines) and 30-day mor-
tality. Cox-regression was performed to estimate the association between variables and 30-day mortality.
Results: Of 1011 patients in whom BC was obtained, these were negative in 803 (79%) and were included;
30-day mortality was 9% (70 patients); antibiotic treatment was considered inappropriate in 299 (40%) of
747 patients evaluated at day 2, and in 266 (46%) of 573 at day 5-7. The variables independently associated
with increased risk of 30-day mortality were higher age (HR 1.05; 95% CI 1.03-1.07), neoplasia (HR 2.73; 95%
CI 1.64-4.56), antibiotic treatment in the 48 h prior to BC extraction (HR 2.06; 95% CI 1.23-3.43) and in-
sufficient antibiotic coverage at day 2 after BC obtainment (HR 2.35; 95% CI 1.39-4.00). Urinary, catheter and
biliary sources of infection were associated with lower risk (HR 0.40; 95% CI 0.20-0.81).

Conclusions: Antimicrobial treatment is frequently inappropriate among patients with negative BC; in-
sufficient antibiotic coverage at day 2 was associated with mortality. These results suggest that patients
with negative BC are a suitable population for AS interventions.

Summary: Antimicrobial treatment in patients with negative blood culture was frequently in-
appropriate, and inappropriate coverage at day 2 was associated with increased risk of death. These
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data support the consideration of this population as a potential target for antimicrobial stewardship

interventions.

© 2023 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

Blood cultures (BC) are typically obtained in hospital-admitted
patients when an invasive infectious disease is suspected. While
bacteremic infections have been extensively studied and specialized
consultation in these patients is associated with better out-
comes,' data from patients with negative BC are scarce, despite
being the majority of patients from whom BC are obtained.”* To the
best of our knowledge, the factors associated with mortality in pa-
tients with negative BC have not been comprehensively studied in
prospective studies.

Antimicrobial stewardship (AMS) interventions aim to optimize
the use of antibiotics in order to improve clinical outcomes and re-
duce adverse events while selecting the best cost-effective treat-
ment.” Patients with bacteremia are well-recognized targets for AMS
interventions'®; however, patients with negative BC have been ne-
glected from the perspective of AMS, despite being easily detectable.
We hypothesize that antimicrobial treatment may be frequently
inappropriate and could potentially result in worse prognosis in
patients with negative BC, and therefore they may represent a target
population for AS interventions.

The NO-BACT study aimed to (1) assess the quality of anti-
microbial treatment in patients with negative BC and (2) identify the
mortality predictors in order to provide background data to inform
the potential convenience of AS interventions in these patients.

Methods
Study design and participants

The NO-BACT project includes a prospective cohort study per-
formed in three Spanish University Hospitals (University Hospital
Macarena in Seville, University Hospital Puerta del Mar in Cadiz and
University Hospital Lozano Blesa in Zaragoza) including adult ad-
mitted patients with negative BC between October 2018 to July 2019.
All three participating hospitals have active AMS activities including
the availability of local guidelines for specific empiric and targeted
antimicrobial therapy and unsolicited specialized consultation pro-
grams for patients with bacteremia, among others. The study pro-
tocol was previously published.”

The criteria for obtaining BC were similar in the 3 participating
centers, including any admitted patient in whom an invasive in-
fectious disease was suspected according to clinical and laboratory
data. The first 60 patients with negative BC every month at each
participating site were included; eligible patients were detected by
daily consulting the list of patients with negative BC 2 days after
their obtainment until the monthly needed number was reached.
Exclusion criteria included being discharged from the hospital
within the first 48 h following BC extraction, microbial growth in BC
after day 2, and missing critical data to evaluate the appropriateness
of therapy (i.e., no information about source suspected or clinical
severity).

The study was approved by the local research ethics committees
of the participating hospitals and the Spanish Agency for Medicines.
Due to the observational nature of the study and the use of anon-
ymized data, the need to obtain written informed consent was
waived. The STROBE guidelines for reporting observational studies
were followed® (Supplementary Table S1).

96

Variables and definitions

The primary outcomes were all-cause 30-day mortality after BC
extraction and appropriateness of antimicrobial treatment (see
below). Covariables collected included demographics (sex, age,
hospital), comorbidities and their severity (using the Charlson ab-
breviated index), type of acquisition and source of the suspected
infection, severity of systemic response, laboratory data (C reactive
protein, procalcitonin, creatinine), results from microbiological
samples other than blood cultures and antimicrobial treatment. Data
on systemic response and laboratory results were collected as
available at days 0, 2 and 5-7 after the BC extraction. The data were
collected by reviewing the electronic clinical records and included in
an electronic case report form.

Appropriateness of antimicrobial treatment (or its absence) was
assessed according to the local guidelines of each participating
hospital at days 2 and 5-7 after BC obtainment by two local in-
vestigators expert in AMS, using a specific evaluation form
(Appendix S1). The opinion of a third investigator was requested in
case of disagreement. The prescriptions were evaluated as appro-
priate if coverage, dose, duration and administration route were in
accordance with the local guidelines,”"'" or inappropriate otherwise.
Because the guidelines did not provide specific recommendations for
patients with negative BCs, the evaluation was done with those
provided for the suspected syndrome or source of infection.

The participating hospitals used the same technique for BC ob-
tainment, in accordance with the recommendations of Spanish
Society of Infectious Diseases and Clinical Microbiology.'? Two blood
extractions from peripheral veins in two different punctures, with an
interval between 5 and 10 and 60 min, depending on the patient’s
clinical condition were obtained. In each extraction, 20 ml (10 ml
into an aerobic blood culture bottle and 10 ml into an anaerobic
blood culture bottle) should be obtained. BC were considered as false
positives (blood culture contamination) when typical commensal
skin colonizing bacteria (such as coagulase-negative staphylococci)
were isolated in only one blood draw.'® BC were considered negative
if there was no microbial growth detected after 5 days of incubation.
The severity of systemic response was defined in 2001 International
Sepsis Definitions Conference.'” Patients were considered as im-
munocompromised if any of the following criteria were present:
solid or hematological neoplastic disease, use of immunosuppressive
treatment including corticosteroids (20 mg of prednisone or
equivalent during two or more weeks), and human im-
munodeficiency virus infection with <500 T CD,4 cells/uL. Acquisition
of infection was defined as nosocomial if symptoms appeared after
48 h of hospital admission or in less than 7 days after hospital dis-
charge.”” Community-onset infections were considered healthcare-
associated if fulfilling Friedman’s criteria'® and community-acquired
otherwise.

Statistical analysis

We estimated a 5-10% mortality rate among patients with ne-
gative BC; in order to be able to include 4-8 risk factors in a mul-
tivariable analysis, we planned to include 800 patients, for which
around 1000 patients with BC performed would need to be checked,
considering a positivity rate of 20%.

Quantitative variables were expressed as mean and standard
deviation or median and interquartile range if not normally
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distributed. Qualitative variables were expressed as absolute num-
bers and percentages. A Kaplan-Meier curve was plotted for 30-day
mortality. Crude and multivariable analysis for mortality was per-
formed with patients evaluated at day 2 by Cox regression; all
variables with p < 0.10 in the crude analysis were included in the
multivariable model, and selected using a stepwise manual back-
ward selection process in which the variables with lower association
with mortality was removed at each step; variables with P value
<0.10 were retained. Interactions were evaluated. Sensitivity ana-
lysis excluding patients in whom antibiotic treatment at day 2 was
deemed unnecessary and in those in whom C-reactive protein was
measured were also performed. Additionally, factors associated with
antibiotic appropriateness were evaluated by logistic regression.
Finally, the concordance of paired evaluations for treatment appro-
priateness was evaluation by the Cohen’s kappa statistic. All the
analyses were performed using SPSS Statistics 24.0 (IBM, Armonk,
NY, USA).

Results
Baseline characteristics

Overall, 1011 patients from whom BC were obtained were eval-
uated; 803 (79.4%) had negative BC and were included in the study;
283 (35.2%) were included from University Hospital Puerta del Mar,
283 (35.2%) from University Hospital Lozano Blesa and 237 (29.5%)
from University Hospital Macarena. The overall positive BC rate was
20.6%; the specific rates per site were 17.1%, 19.1% and 24.5% at
Virgen Macarena University Hospital, Lozano Blesa University
Hospital and Puerta del Mar University Hospital, respectively; the
rates of positivity according to the suspected source of infection are
shown in Supplementary Table S2. Their baseline characteristics and
the features of the suspected infections are shown in Table 1; overall,
454 patients (56.5%) were male, and the median age was 66 (IQR
54-77); 270 (33.6%) were considered immunocompromised. The
suspected infection was community-acquired in 320 patients
(39.9%), and community-onset but healthcare-associated in 208
(25.9%). The most frequent source of the suspected infection was
pneumonia (260 patients, 32.3%); 104 (12.9% patients presented
with severe sepsis or septic shock. Overall, 293 patients (36.5%) were
receiving antimicrobial treatment in the 48 h prior to blood cultures
obtainment.

Antibiotic treatments and quality of prescriptions

Antimicrobial treatment (or its absence) was evaluated in 747
patients at day 2 (93.0%) and in 573 at day 5-7 (71.3%); the reason for
not being evaluated at day 2 was death in 6 (0.8%) and previous
discharge in 50 (6.2%); and at day 5-7 (in addition to these), death in
16 (2.0%), previous discharge in 141 (17.5%) and missing critical data
in 17 (2.1%).

Overall, the number of patients receiving antibiotics at the dif-
ferent time points was: 666 patients of the 803 patients (82.9%)
at day 0; 654 of 747 on day 2 (87.5%); and 544 of 573 (94.9%) on day
5-7 (Table 2). Combination therapy was administered to 177 pa-
tients at day 0 (22.0% of patients), 183 (24.4%) at day 2 and 137
(23.9%) at day 5-7. In total, 130 antibiotics (19.5% of prescriptions at
day 0) which were started in the 48 h prior to BC obtainment were
continued after the BC extraction. The most frequent antibiotics used
in monotherapy at day 0 were: ceftriaxone in 134 patients (16.7% of
patients), piperacillin-tazobactam in 98 patients (12.2%) and amox-
icillin-clavulanic acid in 92 (11.5%); at day 5-7, these drugs were
being used in 72 (12.6%), 84 (14.6%) and 72 (12.6%), respectively
(Table 2).

Overall, antimicrobial prescriptions (or their absence) were
considered inappropriate in 299 patients at day 2 (40.0% of
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Table 1
Baseline characteristics of 803 patients with negative blood cultures and their sus-

pected infection.

Variable

No. of patients (%)
or median (IQR)

Demographic characteristics

Median age in years (IQR) 66 (54-77)
Male sex 454 (56.5)
Comorbidities

Abbreviated Charlson index, median (IQR) 2(0-2)
Diabetes mellitus 213 (26.5)
Heart failure/ischemic heart disease 168 (20.9)
Dementia 90 (11.2)
Pulmonary chronic disease 118 (14.7)
Cerebrovascular disease 80 (9.9)
Peripheral arterial disease 48 (5.9)
Immunocompromised 270 (33.6)
Solid cancer 144 (17.9)
Hematological cancer 61 (7.5)
Chronic kidney disease with substitutive therapy 94 (11.7)
Indwelling devices

Peripheral venous catheter 241 (30.0)
Central venous catheter 88 (11.0)
Peripherally inserted central venous catheter 24 (2.9)
Urinary catheter 130 (16.1)
Vascular/valvular prosthesis 46 (5.7)
Invasive mechanical ventilation 46 (5.7)
Prosthetic joint 24 (2.9)
Double ] stent 7 (0.9)
Nephrostomy 11 (1.3)
Biliary prosthesis 9 (1.1)
Nasogastric tube 32 (3.9)
Pacemaker/automatic defibrillator implant 26 (3.2)
Percutaneous endoscopic gastrostomy 7(0.2)

Clinical data of suspected infection (reason for blood cultures extraction)

Type of acquisition

Community-acquired 320 (39.9)
Community-onset, health-care related 208 (25.9)
Nosocomial 275 (34.2)
Suspected site of infection
Pneumonia 260 (32.3)
Urinary tract 146 (18.2)
Intraabdominal (excluding biliary tract) 71 (8.8)
Biliary tract 47 (5.9)
Vascular catheter 28 (3.5)
Skin and skin structures 39 (4.9)
Osteoarticular 5(0.6)
Multiple sites 58 (7.2)
Unknown 102 (12.7)
Others 47 (5.8)
Systemic response severity at blood cultures obtainment
Severe sepsis 77 (9.6)
Septic shock 27 (3.3)
Laboratory data at blood cultures obtainment
Creatinine, median (IQR) mg/dL (n = 701, 87%) 0.9 (0.7-1.4)
C reactive protein, median (IQR) mg/L (n = 619, 77%) 65.9 (15.1-177.1)
Procalcitonin, median (IQR) ng/ml (n = 181, 23%) 0.42 (0.2-2.0)
Microbiological findings
Additional microbiological samples obtained, other 513 (63.8)
than blood cultures
Urine 286 (55.8)
Sputum or bronchoalveolar lavage 49 (9.6)
Stool 18 (3.5)
Positive microbiological samples other than blood 201 (39.1)
cultures
Antimicrobial treatment in the 48 h prior to blood culture 293 (36.5)
extraction

IQR: interquartile range.

evaluated patients), and in 266 (46.4%) at day 5-7. A Cohen’s Kappa
of 0.95 was obtained for prescriptions assessment by paired eva-
luators, which indicates a very good level of concordance.

The reasons for inappropriateness (Fig. 1) were, at day 2: anti-
biotic(s) were not necessary in 136 patients (18.2% of those eval-
uated), excess of coverage in 111 (14.8%), insufficient coverage in 130
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Table 2

Antibiotic treatments at days 0 (blood cultures obtainment), 2 and 5-7.
Antibiotic administered Day 0 Day 2 Day 5-7

(n =803) (n =747) (n =573)

Any antibiotic 666 (82.9) 654 (87.5) 544 (94.9)
Monotherapy 489 (60.9) 471 (63.1) 407 (71.0%)
Ceftriaxone 134 (16.7) 127 (17.0) 72 (12.6%)
Piperacillin/tazobactam 98 (12.2) 102 (13.7) 84 (14.6%)
Amoxicillin/clavulanic acid 92 (11.5) 77 (10.3) 72 (12.6%)
Meropenem 50 (6.2) 52 (6.9) 47 (8.2%)
Levofloxacin 39 (4.9) 32 (4.2) 30 (5.2%)
Others 76 (9.5) 81 (10.8) 102(17.8%)
Combination therapy 177 (22.0) 183 (24.4) 137 (23.9)
Most common combinations
Ceftriaxone + levofloxacin 20 (2.5) 18 (2.4) 9 (1.5)
Ceftriaxone + azithromycin 12 (1.5) 12 (1.6) 5(0.8)
Ceftriaxone + metronidazole 10 (1.2) 11 (1.5) 8(1.3)
Meropenem + linezolid 10 (1.2) 13 (1.7) 12 (2.1)

(17.4%), route in 25 (3.3%) and dose in 41 (5.4%). At day 5-7, the
reasons were: antibiotic(s) were not necessary in 147 (25.6%), excess
of coverage in 104 (18.1%), insufficient coverage in 67 (11.6%), route
in 88 (15.3%), dose in 20 (3.4%), and duration in 15 (2.6%). The ap-
propriateness of treatment at day five according to evaluation at day
2 is specified in Supplementary material, Fig. S1.

Additionally, the association of different variables with anti-
microbial inappropriateness was evaluated (Supplementary Table
S3). In the adjusted analysis, factors related to antimicrobial in-
appropriateness at day 2 were antimicrobial treatment in the 48 h
prior to blood culture extraction (OR 1.45; CI95% 1.06-1.96) and
pneumonia source (OR 1.43; CI95% 1.04-1.96). At day 5-7 the vari-
ables were pneumonia (OR 2.17; CI95% 1.47 - 3.13) and urinary tract
infection (OR 2.51; CI95% 1.56 - 3.85). Due to its relevance, the
analysis was also performed for insufficient antibiotic coverage at
day 2; the variables independently associated with it were nosoco-
mial or healthcare-related acquisition (adjusted OR 2.69; 95% CI
1.70-4.24) and severe sepsis or shock on day 0 (adjusted OR 2.56;
CI95% 1.57 - 4.17). Regarding the evaluation of specific drugs, there
was a higher proportion of inappropriate treatments with levo-
floxacin at day 2, and of ceftriaxone, at days 5-7; all data about the
appropriateness of antibiotic treatment on day 2 and days 5-7 for
the different antimicrobial agents are shown in Supplementary
Material (Table S4).

A specific analysis of the reasons for inappropriate treatment in
the two main sites of infection (pneumonia and urinary tract in-
fection [UTI]) is shown in Supplementary Data (Table S5). Overall, on
day 2 the proportion of unnecessary treatments at day 2 in patients
with pneumonia and UTI was lower than in the whole cohort. Pa-
tients with pneumonia had a higher frequency of excess of coverage,
while patients with UTI had a higher proportion of insufficient
coverage. On day 5, both infections presented a lower proportion of
unnecessary treatments and a higher proportion of excess of cov-
erage and inappropriate route.

Outcome analysis

Overall, 70 patients died (8.7% of all patients with negative BC);
the Kaplan-Meier survival curve is shown in Supplementary
Data, Fig. S2. The median hospital length of stay until discharge or
death was 8 days (IQR 5-15). The variables with a significant asso-
ciation with mortality in the unadjusted analysis (Table 3) were
higher age, abbreviated Charlson index >1, diabetes mellitus, heart
failure/ischemic heart disease, dementia, cerebrovascular disease,
neoplasia, immunocompromised patients, severe sepsis/septic
shock, healthcare-related or nosocomial acquisition, receipt of
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antibiotics during the 48 h prior to BC extraction and insufficient
antibiotic coverage at day 2.

For multivariable analysis, the sources of infections were grouped
into low-risk sites (including urinary, catheter or biliary tract in-
fections) and all others. The factors independently associated with
increased risk of 30-day mortality in Cox regression analysis (per-
formed with 747 patients, 93.0%) were age, neoplasia, antibiotic
treatment received in the 48 h prior to BC extraction and insufficient
antibiotic coverage on day 2 after BC obtainment, while low-risk site
of infection was associated with lower risk of death (Table 4). No
significant interactions were detected.

Sensitivity analyses were performed excluding patients in whom
antibiotic treatment at day 2 was deemed unnecessary (n=611,
76.1%) and in patients with C-reactive protein levels measured at day
0 (n=565, 70.3%); the Cox regression models included the same
variables as in the whole population analysis (Supplementary
Material, Tables S6 and S7); a higher C-reactive protein level was
also associated with a higher hazard of mortality.

Discussion

In this study, we found that antimicrobial treatment in patients
with negative BC was almost universal and frequently inappropriate
and that mortality in these patients was independently associated
with insufficient antibiotic coverage at day 2 after BC obtainment.
These findings strongly suggest that this population would be worth
being explored as a potentially convenient target for AMS inter-
ventions. The percentage of negative blood cultures in our series is
similar to what has been published by other authors.’

When trying to put the outcome analysis in context, we could not
find published studies in which the risk factors for mortality were
prospectively assessed in patients with negative blood cultures.
Therefore, we used studies analyzing patients with sepsis because a
proportion of those patients had negative BC. Similar to our results,
older age has been associated with mortality in patients with
sepsis.”'® With regards to comorbidities, some of them have also
been previously found to be strongly associated with mortality.'® We
used the abbreviated Charlson index, which includes 8 vari-
ables,’® and found that punctuation >1 in this easy-to-calculate
index was associated with increased mortality in unadjusted; how-
ever, for the multivariable analysis we decided to include the specific
comorbidities rather than the index, trying to identify the specific
group of patients who would benefit more of an eventual AMS in-
tervention, and we found that patients with cancer were at in-
creased risk of death. This variable has been previously found to be
associated with worse outcomes in patients with severe sepsis/
septic shock.”!

Mortality in patients with sepsis varies depending on the defi-
nition utilized. We decided to use the “classical definition” (SEPSIS-
1) to facilitate the comparison with previous studies.'* Fleischmann
et al. found a mortality rate of 26% (95% CI, 20-33%) in patients with
severe sepsis or septic shock.”” The mortality rate in our study in
patients with severe sepsis or shock (21%) was in the low range of
Fleischman’s estimations, probably reflecting the fact that BC were
negative since bacteremia had been frequently associated with
higher mortality.>?>~2° Also, Kaukonen et al., in a study including
more than 100,000 patients, found that mortality increased lineally
with each criterion of the systemic inflammatory response syn-
drome.’® In our analysis, we had a low proportion of patients with
severe sepsis or septic shock probably because of the exclusion of
bacteremic patients, which limited the statistical power of our
analysis for this variable; nevertheless, these patients had a clear
trend toward increased risk of death. Anyway, we think that BC-
negative patients with data suggestive of severe sepsis or shock
should prompt a rapid evaluation.
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Fig. 1. Reasons for inappropriate therapy among patients with negative blood cultures at days 2 and 5-7. Overall, treatment was inappropriate in 299 (40.0%) patients at day 2 and
266 (46.4%) patients at day 5-7. (a) Absolute numbers. (b) Proportion among evaluated patients.
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Table 3

Crude analysis of the association of variables and 30-day mortality in patients with negative blood culture, performed by Cox-regression.
Variables Alive Dead Crude HR p value

N =685 N=62 (95% CI)

Demographic characteristics and comorbidities
Male sex 384 (56.1) 42 (67.7) 1.60 (0.94-2.73) 0.08
Median age in years 65.0 75.5 1.04 (1.02-1.06) <0.001
Abbreviated Charlson index >1 476 (69.5) 58 (93.5) 6.04 (2.19-16.63) <0.001
Diabetes mellitus 172 (25.1) 27 (44.5) 219 (1.33-3.62) 0.002
Heart failure/ ischemic heart disease 142 (20.7) 19 (30.6) 1.66 (0.97-2.86) 0.06
Dementia 72 (10.5) 12 (19.4) 1.96 (1.05-3.68) 0.04
Cerebrovascular disease 64 (9.3) 13 (21.0) 2.38 (1.29-4.39) 0.01
Neoplasia 162 (23.6) 28 (45.2) 2.51 (1.52-4.14) <0.001
Pulmonary chronic disease 104 (15.2) 11 (17.7) 1.21 (0.63-2.32) 0.57
Chronic kidney disease with substitutive therapy 84 (12.3) 7 (11.3) 0.91 (0.41-1.99) 0.81
Immunocompromised patient 229 (33.4) 29 (46.8) 1.69 (1.02-2.78) 0.04
Severity and type of acquisition
Severe sepsis/septic shock 84 (12.3) 5(24.2) 2.23 (1.24-3.98) 0.01
Healthcare-related or nosocomial acquisition 408 (59.6) 2.3) 3.15 (1.61-6.15) <0.001
Site of infection
Biliary tract 46 (6.7) (1.6) 0.23 (0.03-1.70) 0.15
Intraabdominal (except biliary infection) 64 (9.3) (6.5) 0.67 (0.25-1.89) 0.47
Catheter 27 (3.9) 1(1.6) 0.41 (0.06-2.94) 0.37
Unknown 89 (13.0) 7 (11.3) 0.85 (0.39-1.87) 0.69
Pneumonia 218 (31.8) 24 (38.7) 1.33 (0.79-2.21) 0.27
Skin structures or osteoarticular 33(4.8) 4 (6.5) 1.33 (0.48-3.67) 0.58
Urinary tract 127 (18.5) (11.3) 0.56 (0.25-1.24) 0.16
Microbiological samples different than BC
Microbiological samples taken 475 (69.3) 36 (58.1) 0.63 (0.39-1.04) 0.07
Pathogen isolated in sample different from BC 180 (26.3) 17 (274) 1.05 (0.59-1.83) 0.88
Treatment
Antibiotics during 48 h prior to BC extraction 243 (35.5) 33(53.2) 1.99 (1.21-3.28) 0.01
Antibiotics administered after BC extraction 569 (83.1) 53 (85.5) 1.19 (0.59-2.41) 0.63
Appropriate treatment at day 2 416 (60.7) 32 (51.6) 0.70 (0.43-1.15) 0.16
Insufficient antibiotic coverage at day 2 108 (15.8) 22 (35.5) 2.76 (1.64-4.64) <0.001

BC: blood cultures.

Table 4
Multivariate analysis of the association of variables and 30-day mortality in patients
with negative blood culture, performed by Cox-regression.

Variable Adjusted HR (95% CI) p value
Median age, per year 1.05 (1.03-1.07) <0.001
Neoplasia 2.73 (1.64-4.56) <0.001
Severe sepsis/septic shock 1.70 (0.93-3.06) 0.08
Low-risk site of infection' 0.40 (0.20-0.81) 0.01
Antibiotics during 48 h prior to BC 2.06 (1.23-3.43) 0.01
extraction
Insufficient antibiotic coverage at day 2 2.35 (1.39-4.00) 0.002

BC: blood cultures
* Includes urinary tract, biliary tract and catheter.

Regarding the site of infection, urinary tract infections and
pneumonia are typically associated with better and worse prognosis,
respectively, among patients with sepsis.”’ In our study, in order to
facilitate the interpretation, we combined the three sites of infection
with lower mortality (urinary, catheter, biliary infections), and these
low-risk sites were independently associated with lower mortality.
This has been traditionally explained by a better concentration of
antibiotics at the site of infection and a better possibility of source
control. Again, data suggesting sources with higher mortality would
be considered a priority for evaluation.

Interestingly, antibiotic use in the 48 h before the blood culture
extraction was associated with higher mortality in multivariable
analysis. There might be two explanations for that: first, some of
these patients might actually be infected by treatment-resistant
bacteria, as continuing with signs of infection after starting treat-
ment; and second, the BC might be falsely negative in them because
of the use of antibiotics,”® which would put them at similar risk of
death as bacteremic patients. Mellhammar et al. showed similar
results to ours about previous antibiotic therapy in non-bacteremic
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septic patients admitted to intensive care.’” It is also remarkable
that insufficient antibiotic coverage at day 2 after BC obtainment,
which occurred in 17.4% of our patients, was associated with two-
fold increase in the hazard of mortality in our cohort. Inadequate
empirical treatment has been associated with worse prognosis in
bacteremic patients®”®' and in specific syndromes, mainly in
pneumonia.’’> We found only one previous study evaluating the
impact of inappropriate treatment in patients with negative BC; in a
retrospective cohort study by Kethireddy et al., the adequacy of
treatment was associated with better prognosis both in patients
with positive or negative cultures results.>> In our study, the vari-
ables independently associated with insufficient coverage were
presentation with severe sepsis or septic shock and nosocomial or
healthcare-related infections, suggesting that patients with these
conditions might be prioritized for interventions. These results, if
confirmed in other studies, provide an important argument to pro-
pose the active evaluation of patients with negative BC at day 2,
particularly if other risk factors for mortality are also present.

The scarcity of data in patients with negative BC may be at-
tributed to intrinsic difficulties in evaluating the quality of anti-
biotic prescription in them, as there is no microorganism to
confront the appropriateness of the drugs used unless other
samples provide the etiology of the infection. To solve this, we
used the local guidelines and considered the clinical syndrome
(site of the suspected infection), the severity of inflammatory
response at presentation and the result of other microbiological
samples when available.

Our study has some limitations. We may have not included some
relevant variables as data for patients with negative BC are scarce,
and therefore we needed to select the variables to be collected ac-
cording to studies performed in patients with sepsis or bacteremia.
The evaluation of the appropriateness of treatment might be



J.A. Girén-Ortega, R. Ferndndez-Guerrero, M.M. de Oca Arjona et al.

affected by subjectivity, although we tried to minimize an evaluator
bias by using the local guidelines and the opinion of two evaluators.
There was a high level of agreement among the evaluators, as in-
dicated by a Cohen’s Kappa index of 0.95. The sample size might
have been insufficient to detect a significant association for some
variables related to prognosis. Although we excluded patients with
critical missing data; the number of excluded patients for this reason
was very low, probably because of the prospective nature of the
study. Finally, the study was performed in 3 tertiary centers in Spain,
and the results might not be extrapolated to other hospitals or
geographical regions or using different criteria to evaluate anti-
microbial prescriptions.

In conclusion, we found that antimicrobial treatment in patients
with negative BC was frequently inappropriate, and found that in-
appropriate coverage at day 2 was associated with increased risk of
death. These data support the consideration of this population as a
potential target for AMS interventions. In fact, these results
prompted us to initiate a second phase of the NO-BACT project,
which is a cluster randomized trial to test an AMS intervention in
this patients population.’
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