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Abstract: Cefazolin is traditionally active against Escherichia coli, Klebsiella species, and Proteus
mirabilis (EKP) isolates. The Clinical and Laboratory Standards Institute (CLSI) has twice updated
cefazolin susceptibility breakpoints for EKP since 2010, but its role in the definitive treatment of
cefazolin-susceptible EKP bacteremia remains debated. To assess its efficacy as a definitive agent,
the 8-year cohort study consisted of 941 adults with monomicrobial cefazolin-susceptible EKP
bacteremia, based on the CLSI criteria issued in 2019, was retrospectively established in a medical
center. Based on the definitive antimicrobial prescription, eligible patients were categorized into the
cefazolin (399 patients, 42.4%) and broader-spectrum antibiotic (BSA) (542, 57.6%) groups. Initially,
fewer proportions of patients with fatal comorbidities (the McCabe classification) and the critical illness
(a Pitt bacteremia score >4) at the onset and day 3 of the bacteremia episode were found in the cefazolin
group, compared to the BSA group. After propensity-score matching, no significant difference of
patient proportions between the cefazolin (345 patients) and BSA (345) groups was observed, in terms
of the elderly, types and severity of comorbidities, bacteremia severity at the onset and day 3, major
bacteremia sources, and the 15-day and 30-day crude mortality. In early outcomes, lengths of time
to defervescence, intravenous (IV) antimicrobial administration, and hospitalization were similar
in the two matched groups; lower costs of IV antimicrobial administration were observed in the
cefazolin group. Notably, for late outcomes, lower proportions of post-treatment infections caused
by antimicrobial-resistant pathogens (ARPs) and post-treatment mortality rates were evidenced in
the cefazolin group. Conclusively, cefazolin is definitively efficacious and cost-effective for adults
with community-onset cefazolin-susceptible EKP bacteremia in this one-center study, compared to
BSAs. However, a prospective multicenter study should be conducted for external validation with
other communities.
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1. Introduction

Cefazolin, a parenteral first-generation cephalosporin (GC) available for study in 1972, has in vitro
bactericidal activity against staphylococci, streptococci, Escherichia coli, Klebsiella pneumoniae, and Proteus
mirabilis [1], and gives sustained antibacterial concentrations in blood after intravenous or intramuscular
use [2]. However, numerous investigations have only studied its efficacy in surgical prophylaxis [3]
and varied community-acquired Gram-positive infections, such as skin and soft-tissue infections [4],
bone and joint infections [5], and continuous ambulatory peritoneal dialysis infections [6]. Although
the CLSI has twice updated cefazolin susceptibility breakpoints for EKP isolates since 2010 [7,8],
a clinical report of the therapeutic role of definitive cefazolin evidenced for bloodstream infections is
lacking. Therefore, within the scope of community-onset bacteremia caused by cefazolin-susceptible
EKP isolates, based on the contemporary susceptibility standard, we compared efficacies of definitive
cefazolin treatment with other definitive agents that have a broader spectrum.

2. Materials and Methods

2.1. Study Design and Population

The study institution was a medical center, a university-affiliated hospital located in Tainan,
a metropolitan city in southern Taiwan. Of adults with blood cultures sampled in the emergency
department (ED) during the period between January 2007 and December 2014, growth in blood cultures
was retrospectively screened in a database of electric chart records. Adults with monomicrobial EKP
bacteremia were initially included. In cases with multiple bacteremic episodes, only the first episode
was included for each patient. Patients were excluded if they were transferred from other hospitals,
were diagnosed with bloodstream infections before ED arrival, received inadequate empirical therapy,
had not been hospitalized through the ED, had a fatality within 3 days after the bacteremia onset
(i.e., patients not received definitive antibiotic therapy), had been infected by cefazolin non-susceptible
EKP, or did not participate in the follow-up visit within the study endpoint. Finally, the cohort only
consisted of adults with community-onset monomicrobial bacteremia caused by cefazolin-susceptible
EKP isolates and received appropriate empirical antimicrobial therapy. The study was approved by
the institutional review board of National Cheng Kung University Hospital (B-ER-106-294), and the
requirement of obtaining informed consent was waived.

2.2. Data Collection

Clinical variables were retrospectively collected by reviewing the medical records of all eligible
patients by using a predetermined form, including patient demographics, vital signs and laboratory
data at the ED, comorbidity types, comorbidity severity (the McCabe classification), the duration,
dosage, and type of antimicrobial agents administered, bacteremia sources, bacteremia severity
(a Pitt bacteremia score), the length of hospital stay, and patient fatality. To accurately collect the
aforementioned information, the medical records were independently reviewed by two authors, and any
discrepancy was solved by discussion between the authors. Based on definitive antimicrobials, eligible
patients were categorized into those definitively treated with cefazolin (the cefazolin group); and those
treated with definitive antimicrobials with the broader-spectrum than cefazolin (the BSA group),
in terms of second-GCs, third-GCs, fourth-GCs, fluoroquinolones, carbapenems, ureidopenicillins,
aminopenicillins/3-lactamase inhibitors, and ureidopenicillins/{3-lactamase inhibitors.

The primary and secondary endpoint was 30-day crude mortality after the bacteremia onset and
post-treatment crude mortality within 60 days after the end of IV antimicrobial therapy, respectively.



Antibiotics 2019, 8, 216 3of11

The time-to-defervescence, lengths of IV antimicrobial administration and hospitalization, and costs of
antimicrobial therapy were regarded as the indicator of early outcomes in the response to the definitive
therapy. The post-treatment ARP infections, current bacteremia, and post-treatment crude mortality
were included as variables to reveal the late outcomes in response to the definitive therapy. Early and
late outcomes were evaluated at the 4- to 30-day follow-up visit after the bacteremia onset and within
60 days after the end of IV antimicrobial therapy, respectively.

2.3. Definitions

The episode of bacteremia in the community was diagnosed as community-onset bacteremia [9,10].
Because the susceptibility data was available approximately at day 3 of the bacteremia episode,
empirical antibiotic therapy was defined as the drug prescribed within three days after the bacteremia
onset, whereas definitive therapy was referred to the antibiotic prescribed when the susceptibility
result was available. As previously described [9,10], the antibiotic therapy was considered appropriate
if all of the following criteria were fulfilled: (i) the route and dosage was administered in accordance of
recommendations in the Sanford Guide [11]; (ii) causative microorganisms were in vitro susceptible
to administrated antibiotics according to the contemporary CLSI breakpoint [8]. The period between
the bacteremia onset (i.e., ED arrival) and administration of appropriate antimicrobials was regarded
as the time-to-appropriate antibiotic and inappropriate empirical therapy was defined as the
time-to-appropriate antibiotic of >24 h [10,12].

A Pitt bacteremia score [10,13], a previously validated scoring system based on vital signs, usage
of vasopressor agents, mental status, receipt of mechanical ventilation and recent cardiac arrest, was
utilized to assess the bacteremia severity at the bactereamia onset (i.e., ED arrival). To further grade
the bacteremia severity as an initiation of definitive antibiotic therapy, a Pitt bacteremia score at day 3
of the bacteremia episode was evaluated; patients became stabilized at day 3, as indicated by a Pitt
bacteremia score = 0, and those remained critically ill, as indicated by a Pitt bacteremia score > 4.

As previously indicated [14], the ARP was defined as a microorganism with broader-spectrum
resistance than that of the same isolate in the community; for instance, these microorganisms
could be Gram-negative pathogens (e.g., Enterobacteriaceae, Pseudomonas species, Vibrio species,
or Aeromonas species) resistant to extended-spectrum cephalosporins or fluoroquinolones,
methicillin-resistant Staphylococcus aureus, ampicillin-resistant enterococci, and penicillin-resistant
streptococci. Defervescence, as previously described [15], was defined as an afebrile state in which the
body temperature was maintained at <37.0 °C for at least 24 h, and time-to-defervescence was defined
as the period between defervescence and administration of appropriate antimicrobials. Recurrent
bacteremia was defined as a new episode of the documented bloodstream infection caused by the same
microorganism and in vitro susceptibility as the index bacteremia episode. Comorbidities were defined
as previous descriptions [16] and the comorbid severity was assessed by a previously established
McCabe classification [17]. Like previous definitions [18], the removal of infected hardware, drainage
of infected fluid collections, or resolution of obstruction for biliary or urinary sources was referred as
appropriate control of bacteremia source. Crude mortality was used to define death from all causes.

2.4. Microbiological Methods

EKP isolates were prospectively stored in the study hospital and identified by a
Gram-Negative-Identification Card of the Vitek 2 system (bioMe'rieux, Lyon, France). Antimicrobial
susceptibilities were determined by the disk diffusion method, based on contemporary CLSI
standards [8]. For cefazolin, susceptibility breakpoints were set at susceptible (223 mm),
intermediate (20-22 mm), and resistant (<19 mm). Other tested drugs included levofloxacin,
cefazolin, cefuroxime, cefotaxime, ceftazidime, cefepime, ertapenem, ampicillin/sulbactam, piperacillin,
and piperacillin/tazobactam. If patient empirically or definitively treated by other agents, the
susceptibility of the indicated agent was measured.
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2.5. Statistical Analysis

The Statistical Package for the Social Science for Windows (SPSS, Chicago, IL, USA, version 23.0)
was applied for the statistical analysis. Continuous and categorical variables were compared by the
Student’s t test and the Chi-square or Fisher’s exact test, respectively. To identify the independent
determinants linked to 30-day crude mortality, all variables of 30-day crude mortality with P values
less than 0.05 in the univariate analysis were conducted for the stepwise, backward logistic regression
model. A P value less than 0.05 was considered significant.

A propensity-score (PS) matched analysis was performed to control for confounding variables in
the choice of definitive antimicrobials. The PS was calculated by the independent determinants of
30-day crude mortality. Patients in the cefazolin group were matched at a ratio of 1:1 with those in the
BSA group, using individual PSs. The matching by the closest total PS was done manually based on a
tolerance interval approach with the PS difference of 0.2 [19].

3. Results

3.1. Demographics and Clinical Characteristics of the Entire Cohort

A total of 941 adults were included based on the inclusion and exclusion criteria (Figure 1) and
categorized into the cefazolin (399 patients, 42.4%) and BSA groups (542, 57.6%). Of the total 941
patients, their mean age was 67.8 years, and 545 (57.9%) were female. The leading comorbidities
included hypertension (462 patients, 49.1%), diabetes mellitus (380, 40.4%), malignancies (251, 26.7%),
neurological diseases (195, 20.7%), liver cirrhosis (126, 13.4%), chronic kidney diseases (122, 13.0%),
and coronary artery diseases (88, 9.4%). Common sources of bacteremia were urinary tract infections
(476 patients, 50.6%), intra-abdominal infections (118, 12.5%), pneumonia (91, 9.7%), biliary tract
infections (88, 9.4%), liver abscess (73, 7.8%), primary bacteremia (64, 6.8%), and skin and soft-tissue
infections (22, 2.3%).

1,646 patients with monomicrobial /. coli, Kiebsiclla
species and ?roreus mirabilis (EKP) bacteremia in the ED

Exclusion of 44 having hospital-onset I

J bacteremia or bacteremia diagnosed prior to i

1,602 with community-onset monomicrobial EKP bacteremia I

Exclusion of 124 with inappropriate empirical
therapy®* and 8 with incomplete data within
the study endpoint

Exclusion of 118 un-hospitalized patients and
108 definitively treated with oral antibiotics

| Exclusion of 276 infected by cefazolin | Exclusion of 27 died within 3 days after
| non-susceptible isolate (i.e., MIC >2 ug/mL) | | bacteremia onset and

| 941 eligible patients |

T
[ [ [ I [ l

Empirical Empirical Empirical Empirical Empirical Empirical Empirical Empirical Empirical
cefazolin 27-GC 3-GC 4*-GC Carbapenem FQ Aminopenicillin/BLI Ureidopenicillin/BLI others
(n=108) (n=166) (n=432) (n=71) (n=28) (n=43) (n=39) (n=17) (n=37)
399 received definitive intravenous cefazolin therapy 542 received definitive antibiotics other than cefazolin**
(the cefazolin group) (the broader-spectrum antibiotic group)
| | Matched by propensity scores é—i
345 in the cefazolin group I | 345 in the broader-spectrum antibiotic group |

Figure 1. Flowchart of patient selections. * Indicate the time to appropriate antibiotic of >24 h.
** Included 235 patients with third-GCs, 154 with second-GCs, 24 with carbapenems, 60 with FQs,
30 with fourth-GCs, 21 with ampicillin/sulbactam, 13 with piperacillin/tazobactam, 3 with piperacillin,
and 2 with others. ED = emergency department; GC = generation cephalosporin; FQ = fluoroquinolone;
BLI = B-lactamase inhibitor.
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The median (interquartile range) length of ED stay and hospital stay was 16.2 (6.0-26.4) hours
and 10 (7-15) days, respectively. The proportion of critically ill patients at the onset and day 3 of the
bacteremia episode was 15.6% (147 patients) and 11.3% (106), respectively. The 15-day and 30-day
crude mortality rate was 3.2% (30 patients) and 6.6% (62), respectively.

3.2. Comparisons of Baseline Characteristics and Severity between Two Groups

Univariate analyses were used to compare two patient groups (Table 1). The higher proportion of
females, bacteremia due to urinary tract infections and a low Pitt bacteremia score (=0) at day 3 as well
as the lower 15-day or 30-day crude mortality rate were present in the cefazolin group. Otherwise,
less patients of nursing-home residents, comorbid malignancies, fatal comorbidities (the McCabe
classification), bacteremia due to intra-abdominal infections or pneumonia, and a high Pitt bacteremia
score (>4) at the bacteremia onset or day 3 were disclosed in the cefazolin group.
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Table 1. Clinical characteristics and patient outcomes in the cefazolin and broader-spectrum antibiotic (BSA) groups.

Patient Numbers (%)

Characteristics Overall Cohort Matched Cohort
Cefazolin n = 399 BSA n =542 p Value Cefazolin n = 345 BSA n =345 p Value
Gender, female 278 (69.7) 267 (49.3) <0.001 233 (67.5) 197 (57.1) 0.005
The elderly, >65 years 244 (61.2) 321 (59.2) 0.55 210 (60.9) 201 (58.3) 0.49
Nursing-home residents 3(0.8) 16 (3.0) 0.02 2(0.6) 10 (2.9) 0.02
Time to antimicrobial switches, mean + SD * 3.8+1.2 3.8+1.7 0.69 39+1.8 3.8+23 0.36
Major comorbidities
Hypertension 205 (51.4) 257 (47.4) 0.23 181 (52.5) 170 (49.3) 0.40
Diabetes mellitus 174 (43.6) 206 (38.0) 0.08 154 (44.6) 130 (37.7) 0.06
Malignancy 87 (21.8) 164 (30.3) 0.004 80 (23.2) 81 (23.5) 0.93
Neurological disease 80 (20.1) 115 (21.2) 0.66 72 (20.9) 67 (19.4) 0.64
Liver cirrhosis 50 (12.5) 76 (14.0) 0.51 47 (13.6) 44 (12.8) 0.74
Chronic kidney disease 42 (10.5) 80 (14.8) 0.06 37 (10.7) 53 (15.4) 0.07
Comorbidity severity (McCabe classification) 0.001 0.54
Ultimately and rapidly fatal 63 (15.8) 133 (24.5) 61 (17.7) 55 (15.9)
Nonfatal 336 (84.2) 409 (75.5) 284 (82.3) 290 (84.1)
Causative microorganisms
Escherichia coli 297 (74.4) 330 (60.9) <0.001 250 (72.5) 235 (68.1_ 0.21
Klebsiella species 86 (21.6) 200 (36.9) <0.001 81 (23.5) 102 (29.6) 0.07
Proteus mirabilis 16 (4.0) 12 (2.2) 0.11 14 (4.1) 8(2.3) 0.19
Major sources of bacteremia
Urinary tract 258 (64.7) 218 (40.2) <0.001 208 (60.3) 201 (58.3) 0.59
Biliary tract 33(8.3) 55(10.1) 0.33 31 (9.0) 33 (9.6) 0.79
Intra-abdominal 37 (9.3) 81 (14.9) 0.009 36 (10.4) 45 (13.0) 0.29
Primary bacteremia 27 (6.8) 37 (6.8) 0.97 26 (7.5) 21 (6.1) 0.45
Liver abscess 24 (6.0) 49 (9.0) 0.09 24 (7.0) 23 (6.7) 0.88
Pneumonia 10 (2.5) 81 (41.9) <0.001 10 (2.9) 10 (2.9) 1.00
Inadequate source control during antibiotic therapy 12 (3.0) 25 (4.6) 0.21 10 (2.9) 11 (3.2) 0.83
Pitt bacteremia score
at onset
>4 40 (10.0) 107 (19.7) <0.001 33 (9.6) 24 (7.0) 0.21
0 128 (32.1) 143 (26.4) 0.06 114 (33.0) 109 (31.6) 0.68
atday 3
>4 26 (6.5) 80 (14.8) <0.001 22 (6.4) 24 (7.0) 0.76
0 332 (83.2) 369 (68.1) <0.001 286 (82.9) 291 (84.3) 0.61
Crude mortality rate
15-day 2(0.5) 28 (5.2) <0.001 2(0.6) 7 (2.0) 0.18
30-day 9(2.3) 53 (9.8) <0.001 9 (2.3) 15 (4.3) 0.21

60f 11

SD = standard deviation. Data are given as number (percent), unless otherwise specified. Boldface indicates statistical significance, i.e., a p value of <0.05. * 296 patients without
antimicrobial switch in the overall cohort and 224 in the matched cohort were respectively not calculated.
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3.3. Risk Factors of 30-Day Crude Mortality in the Overall Cohort

For the entire cohort, the association of clinical variables with 30-day mortality, in terms of old
age, gender, bacteremia severity at the onset and day 3, major sources of bacteremia, comorbidity
severity, major comorbidities, and major causative pathogens, was examined by the univariate analysis
(Table 2). The following variables were positively associated with 30-day mortality: male patients,
a high Pitt bacteremia score (>4) at the onset, bacteremic pneumonia, fatal comorbidities (the McCabe
classification), and comorbid malignancies or liver cirrhosis. Additionally, a low Pitt bacteremia score
(=0) at day 3, bacteremia due to urinary tract infections, and comorbid hypertension was negatively
associated with 30-day mortality. In the multivariate regression, only seven independent determinants
were identified: a high Pitt bacteremia score (>4) at the onset, a low Pitt bacteremia score (=0) at day 3,
fatal comorbidities, underlying malignancies or liver cirrhosis, and bacteremia because of pneumonia
or urinary tract infections.
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Table 2. Risk factors of 30-day crude mortality in the overall cohort.

Variables Patient Number (%) Univariate Analysis Multivariate Analysis
Death n =56 Survival n = 885 Odds Ratio (95% CI)  p Value  Odds Ratio (95%CI)  p Value

Gender, male 37 (66.1) 359 (40.6) 2.85 (1.62-5.04) <0.001 NS NS
Pitt bacteremia score

>4 at onset 30 (53.6) 117 (13.2) 7.57 (4.33-13.26) <0.001 2.59 (1.34-5.03) 0.005

=0 ay day 3 11 (19.6) 690 (78.0) 0.07 (0.04-0.14) <0.001 0.21 (0.11-0.41) <0.001
Ultimately and rapidly fatal comorbidities
(McCabe Zlassi ﬁcfﬁog) 31 (55.4) 165 (18.6) 541 (3.11-9.41) <0.001 3.20 (1.62-6.33) 0.001
Comorbidities

Malignancies 30 (53.6) 221 (25.0) 3.47 (2.01-5.99) <0.001 1.98 (1.02-3.86) 0.04

Hypertension 18 (32.1) 444 (50.2) 0.47 (0.26-0.84) 0.009 NS NS

Liver cirrhosis 18 (32.1) 108 (12.2) 3.41 (1.88-6.18) <0.001 2.15 (1.08-4.27) 0.03
Sources of bacteremia

Pneumonia 22 (39.3) 69 (7.8) 7.65 (4.24-13.80) <0.001 3.19 (1.64-6.23) 0.001

Urinary tract infections 10 (17.9) 466 (52.7) 0.20 (0.10-0.39) <0.001 0.32 (0.16-0.52) 0.001

NS = No significance (after processing the stepwise and backward multivariate regression).

8of11
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3.4. Baseline Characteristics, Severity, and Outcomes in PS-Matched Groups

Out of 399 patients who underwent definitive cefazolin therapy, 345 were matched with 345
in the BSA group. After appropriate matching (Table 1), no significant differences in the patient
proportion between two groups were observed, in terms of the elderly, comorbidity types, severity of
comorbidities, bacteremia severity at the onset and day 3, and major bacteremia sources. Dissimilar
proportions were only observed in gender patients and nursing-home residents. More importantly,
the 15-day and 30-day crude mortality rate did not differ in the two groups.

Early and late outcomes in response to definitive therapy in the two matched groups were exhibited
in Figure 2. For early outcomes (Figure 2A), in terms of the time-to-defervescence and lengths of IV
antimicrobial therapy and hospital stay, were similar between the two groups. Notably, only the lower
cost of IV antimicrobial administration was observed in the cefazolin group. Of importance, focusing on
late outcomes indicative of the adverse events within 60 days after the end of IV antimicrobial therapy
(Figure 2B), despite the similar proportion of post-treatment current bacteremia between two groups,
lower proportions of post-treatment ARP infections (2.9% vs. 7.8%, p = 0.004) and post-treatment
crude mortality rates (2.0% vs. 5.8%, p = 0.01) were evidenced in the cefazolin group, compared to the
BSA group.

A [[] Cefazolin ["] Broader-spectrum antibiotics
D: US doll:
;yss_ P=0.15 — P<0.001
100 l
| P=0.08
20 -l
P=0.30
15 ™

1L L WG

_L .r

o
Time to defervescence Length of IV antibiotics Length of hospitalization
B O Cefazolin (n=345) M Broader-spectrum antibiotics (n=345)
%
9
¢ s P=0.01
7
6
5
4
3 P=1.00
20 [N @0 T
2
1
&&
)
Post-treatment ARP infection rate Post-treatment crude mortality Post-treatment current
rate bacteremia rate

Figure 2. Boxplots for early (A) and late (B) outcomes in response to definitive therapy in the matched
cohort. ARP = antimicrobial-resistant pathogen; IV= intravenous.

4. Discussion

Although the in vitro activity of cefazolin against EKP isolates is disclosed in the community [1]
and it offers sustained antibacterial serum concentrations after intravenous use [2], clinical information
on the treatment of bloodstream infections (except urospesis) is limited [20]. However, because of its
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narrow spectrum, administration of IV cefazolin as the empirical agent is inadequate. Therefore, to
highlight the therapeutic role of cefazolin for the definitive treatment of EKP bacteremia, the long-term
cohort study was conducted herein. Although the baseline characteristic at initial administration of
definitive antimicrobials, particularly in severity of bacteremia and comorbidities, differed between the
cefazolin and BSA groups, we used PS matching to overcome these vast differences. Consequently,
the present study revealed that definitive cefazolin therapy was safer and more cost-effective than BSA
therapy, if the patient was stabilized after 72 h of appropriate empirical antimicrobial therapy.

Cefazolin interpretive criteria for EKP isolates have been revised twice by the CLSI since 2010.
In 2010 and 2012, the CLSI released recommended susceptible breakpoints for cefazolin (MICs <1
mg/L and <2 mg/L, respectively). However, such an alteration has not been specifically evidenced for
patients having bloodstream infections. Herein, our cohort presented the successful effect of definitive
cefazolin therapy for community-onset bacteremia caused by “current cefazolin-susceptible” EKP
isolates and thereby offered the clinic relevance supporting the updated CLSI standard.

This study has several limitations inherent in its design. First, a favorable clinical outcome in
patients definitively treated by cefazolin should be cautiously interpreted, because our target population
was limited to the less critically ill patients after appropriate empirical therapy and the study was
conducted in a single tertiary hospital. A lack of an independent validation to other populations with
varied bacteremia severity and sources is the leading of the study limitations. Second, this cohort
study was retrospectively conducted to capture clinical information. To reduce recall bias, the medical
records were independently reviewed by two authors. Third, the certain proportion (408/1602, 25.5%)
of the entire cohort were excluded and such a bias of patient selection should be considered. Finally,
although the patients who received cefazolin therapy through an appropriate route or dosage (1-2 g
every 8 h, adjustments based on the renal function) were included, dissimilar efficacies of differential
cefazolin dosage should be considered. Moreover, assessing the impacts of different antimicrobial
classes on clinical outcomes would be difficult in the BSA group.

5. Conclusions

For adults with community-onset bacteremia caused by cefazolin-susceptible EKP, based on the
contemporary CLSI criteria, and stabilized after 72 h of appropriate empirical therapy, definitive
cefazolin therapy was safe and cost-effective during the eight years of experience in one medical
center. However, a multicenter prospective study of the incorporation of definitive cefazolin therapy
into antibiotic stewardship programs should be performed in the future for external validation with
other communities.

Author Contributions: Conceptualization, C.-C.L. and W.-C.K,; Data curation, C.-C.L., C.-H.L., P-L.C. and
C.-C.H.; Formal analysis, C.-C.L.; Funding acquisition, C.-H.L. and W.-C.K.; Methodology, C.-C.L.; Supervision,
H.-J.T. and W.-C K.; Writing—original draft, C.-C.L.; Writing—review & editing, H.-].T. and W.-C.K.

Funding: This study was partially supported by research grants from the Ministry of Science and Technology
(NSC102-2314-B-006-079), the Ministry of Health and Welfare (MOHW106-TDU-B-211-113003), Sin-Lau
Hospital (SLH-M106-01, SLH-M107-02, and SLH-M108-01) and National Cheng Kung University Hospital
(NCKUH-10704031), Tainan, Taiwan.

Acknowledgments: We would like to thank all the anonymous reviewers for their valuable comments and
suggestions on improving quality of our study. We also thank the Core Research Laboratory of National Cheng
Kung University Medical College for providing experimental space and facilities.

Conflicts of Interest: The authors have no conflict of interest to declare.

References

1. Reller, L.B,; Karney, W.W.; Beaty, H.N.; Holmes, K.K.; Turck, M. Evaluation of cefazolin, a new cephalosporin
antibiotic. Antimicrob. Agents Chemother. 1973, 3, 488-497. [CrossRef] [PubMed]

2. Ishiyama, S.; Nakayama, I.; Iwamoto, H.; Iwai, S.; Okui, M. Absorption, tissue concentration, and organ
distribution of cefazolin. Antimicrob Agents Chemother. 1970, 10, 476—480. [PubMed]


http://dx.doi.org/10.1128/AAC.3.4.488
http://www.ncbi.nlm.nih.gov/pubmed/4790605
http://www.ncbi.nlm.nih.gov/pubmed/5521371

Antibiotics 2019, 8, 216 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Page, C.P; Bohnen, ].M.; Fletcher, ].R.; McManus, A.T.; Solomkin, J.S.; Wittmann, D.H. Antimicrobial
prophylaxis for surgical wounds. Guidelines for clinical care. Arch. Surg. 1993, 128, 79-88. [CrossRef]
[PubMed]

Stevens, D.L.; Bisno, A.L.; Chambers, H.F,; Everett, E.D.; Dellinger, P.; Goldstein, E.J.; Gorbach, S.L.;
Hirschmann, J.V.; Kaplan, E.L.; Montoya, ].G.; et al. Practice guidelines for the diagnosis and management of
skin and soft-tissue infections. Clin. Infect. Dis. 2005, 41, 1373-1406. [CrossRef] [PubMed]

Lew, D.P.; Waldvogel, EA. Osteomyelitis. Lancet 2004, 364, 369-379. [CrossRef]

Peterson, PK.; Matzke, G.; Keane, W.F. Current concepts in the management of peritonitis in patients
undergoing continuous ambulatory peritoneal dialysis. Rev. Infect. Dis. 1987, 9, 604—612. [CrossRef]
[PubMed]

Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing; Approved
Standard; Twenty Informational Supplement; CLSI Document M100-520; CLSI: Wayne, PA, USA, 2010.
Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing;
Approved Standard; Twenty-Ninth Informational Supplement; CLSI Document M100-529; CLSI: Wayne, PA,
USA, 2019.

Lee, C.C.; Wang, J.L.; Lee, C.H.; Hsieh, C.C.; Hung, Y.P.; Hong, M.Y.; Tang, H.J.; Ko, W.C. Clinical Benefit
of Appropriate Empirical Fluoroquinolone Therapy for Adults with Community-Onset Bacteremia in
Comparison with Third-Generation-Cephalosporin Therapy. Antimicrob. Agents Chemother. 2017, 61.
[CrossRef] [PubMed]

Lee, C.C.; Lee, C.H.; Hong, M.Y,; Tang, H.].; Ko, W.C. Timing of appropriate empirical antimicrobial
administration and outcome of adults with community-onset bacteremia. Crit. Care 2017, 21, 119. [CrossRef]
[PubMed]

David, N.; Gilbert, R.C.M., Jr.; Eliopoulos, G.M.; Chambers, H.F.; Saag, M.S. Selected pharmacologic faetures
of antimicrobial agents. Sanford Guide Antimicrob. Ther. 2009, 1, 78-82.

Leibovici, L.; Shraga, I.; Drucker, M.; Konigsberger, H.; Samra, Z.; Pitlik, S.D. The benefit of appropriate
empirical antibiotic treatment in patients with bloodstream infection. J. Intern. Med. 1998, 244, 379-386.
[CrossRef] [PubMed]

Paterson, D.L.; Ko, W.C.; Von Gottberg, A.; Mohapatra, S.; Casellas, ] M.; Goossens, H.; Mulazimoglu, L.;
Trenholme, G.; Klugman, K.P.; Bonomo, R.A; et al. International prospective study of Klebsiella pneumoniae
bacteremia: Implications of extended-spectrum beta-lactamase production in nosocomial Infections.
Ann. Intern. Med. 2004, 140, 26-32. [CrossRef] [PubMed]

Lee, C.C; Hsieh, C.C; Yang, C.Y;; Hong, M.Y,; Lee, C.H.; Tang, H.].; Ko, W.C. Short versus long duration
antimicrobial treatment for community-onset bacteraemia: A propensity score matching study. Int. J.
Antimicrob. Agents 2019. [CrossRef] [PubMed]

Chang, U.L; Kim, HW.; Wie, S.H. Propensity-matched analysis to compare the therapeutic efficacies
of cefuroxime versus cefotaxime as initial antimicrobial therapy for community-onset complicated
nonobstructive acute pyelonephritis due to Enterobacteriaceae infection in women. Antimicrob. Agents
Chemother. 2015, 59, 2488-2495. [CrossRef] [PubMed]

Schellevis, F.G.; van der Velden, J.; van de Lisdonk, E.; van Eijk, ].T.; van Weel, C. Comorbidity of chronic
diseases in general practice. . Clin. Epidemiol. 1993, 46, 469—473. [CrossRef]

McCabe, W.R. Gram-negative bacteremia. Adv. Intern. Med. 1974, 19, 135-158. [PubMed]
Chotiprasitsakul, D.; Han, J.H.; Cosgrove, S.E.; Harris, A.D.; Lautenbach, E.; Conley, A.T.; Tolomeo, P;
Wise, J.; Tamma, P.D.; Antibacterial Resistance Leadership Group. Comparing the Outcomes of Adults With
Enterobacteriaceae Bacteremia Receiving Short-Course Versus Prolonged-Course Antibiotic Therapy in a
Multicenter, Propensity Score-Matched Cohort. Clin. Infect. Dis. 2018, 66, 172-177. [CrossRef] [PubMed]
Austin, P.C. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding in
Observational Studies. Multivar. Behav. Res. 2011, 46, 399-424. [CrossRef] [PubMed]

Turnidge, ].D. Cefazolin and enterobacteriaceae: Rationale for revised susceptibility testing breakpoints.
Clin. Infect. Dis. 2011, 52, 917-924. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1001/archsurg.1993.01420130087014
http://www.ncbi.nlm.nih.gov/pubmed/8418785
http://dx.doi.org/10.1086/497143
http://www.ncbi.nlm.nih.gov/pubmed/16231249
http://dx.doi.org/10.1016/S0140-6736(04)16727-5
http://dx.doi.org/10.1093/clinids/9.3.604
http://www.ncbi.nlm.nih.gov/pubmed/3299639
http://dx.doi.org/10.1128/AAC.02174-16
http://www.ncbi.nlm.nih.gov/pubmed/27855072
http://dx.doi.org/10.1186/s13054-017-1696-z
http://www.ncbi.nlm.nih.gov/pubmed/28545484
http://dx.doi.org/10.1046/j.1365-2796.1998.00379.x
http://www.ncbi.nlm.nih.gov/pubmed/9845853
http://dx.doi.org/10.7326/0003-4819-140-1-200401060-00008
http://www.ncbi.nlm.nih.gov/pubmed/14706969
http://dx.doi.org/10.1016/j.ijantimicag.2019.05.014
http://www.ncbi.nlm.nih.gov/pubmed/31108223
http://dx.doi.org/10.1128/AAC.04421-14
http://www.ncbi.nlm.nih.gov/pubmed/25645837
http://dx.doi.org/10.1016/0895-4356(93)90024-U
http://www.ncbi.nlm.nih.gov/pubmed/4592709
http://dx.doi.org/10.1093/cid/cix767
http://www.ncbi.nlm.nih.gov/pubmed/29190320
http://dx.doi.org/10.1080/00273171.2011.568786
http://www.ncbi.nlm.nih.gov/pubmed/21818162
http://dx.doi.org/10.1093/cid/cir031
http://www.ncbi.nlm.nih.gov/pubmed/21427400
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Data Collection 
	Definitions 
	Microbiological Methods 
	Statistical Analysis 

	Results 
	Demographics and Clinical Characteristics of the Entire Cohort 
	Comparisons of Baseline Characteristics and Severity between Two Groups 
	Risk Factors of 30-Day Crude Mortality in the Overall Cohort 
	Baseline Characteristics, Severity, and Outcomes in PS-Matched Groups 

	Discussion 
	Conclusions 
	References

