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ABSTRACT Ertapenem is one of the carbapenems recommended for treating extended-
spectrum B-lactamase (ESBL)-producing Enterobacterales. However, efficacy data are lim-
ited. We compared 30-day mortality rates for patients receiving ertapenem and other
carbapenems for treatment of ESBL-producing Enterobacterales bacteremia. A multicenter,
retrospective study was performed from January 2013 to December 2020 at three hospi-
tals. Patients who received only members of one group of carbapenems (group 1 or
group 2) throughout their treatment for ESBL-producing Escherichia coli or Klebsiella pneu-
moniae bacteremia were enrolled. To compare 30-day all-cause mortality rates in the two
groups, propensity score matching was used to control for selection bias. Subgroup analy-
ses were performed for several subgroups. Secondary outcomes included Clostridioides dif-
ficile infection (CDI) and the emergence of multidrug-resistant Gram-negative bacteria
within 90 days after initiation of carbapenem treatment. One-to-one propensity score
matching yielded 162 pairs of patients from the total of 603 patients included. There was
no difference in 30-day mortality rates between ertapenem and the other carbapenems
in adjusted analyses (hazard ratio, 0.60 [95% confidence interval [Cl], 0.29 to 1.22]) of the
propensity score-matched cohorts. A similar result was obtained in a subgroup analysis of
patients who suffered severe sepsis or septic shock and those who did not (P = 0.54 for
interaction). Emergence of CDI (odds ratio [OR], 0.99 [95% Cl, 0.44 to 2.20]) and carbape-
nem-resistant Enterobacterales (OR, 1.31 [95% Cl, 0.51 to 3.53]) did not differ between the
two groups. Our study suggests that the efficacy of ertapenem may be comparable to
that of the other carbapenems in treatment of ESBL-producing E. coli and K. pneumoniae
bacteremia.
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arbapenems are primarily recommended for treatment of extended-spectrum-

B-lactamase (ESBL)-producing Enterobacterales infections (1, 2). There are currently
two groups of carbapenems; ertapenem is the only group 1 carbapenem, while group
2 includes meropenem, imipenem, and doripenem. Ertapenem was developed later
than the other carbapenems and has unique features. It has a longer half-life; there-
fore, once-daily dosing as an outpatient is possible, thus shortening the hospital stay
(3). In addition, it has lower activity against Pseudomonas and Acinetobacter species
and thus exerts less selection pressure for resistance to these bacteria than do other
carbapenems (4). Because of these advantages, ertapenem is widely used in clinical
practice in treatment of infections due to ESBL-producing organisms. Guidelines also
list ertapenem as one of the treatment options for ESBL-producing infections (1, 2).
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However, there has been concern about the efficacy of ertapenem in patients with
severe illness. The pharmacokinetic target attainment of ertapenem seemed to be insuf-
ficient in several studies due to changes in pharmacokinetic parameters in critically ill
patients (5-7). Furthermore, data evaluating the efficacy of ertapenem, compared to
other carbapenems, in the treatment of ESBL producers are limited. Several observatio-
nal studies have shown that ertapenem is not inferior to group 2 carbapenems, but the
existing studies have several limitations, such as small sample size, lack of balancing
between the two groups, and contamination between study drug exposures (8-11). The
baseline characteristics of the two groups of patients were not well balanced because
patients with more severe infections or underlying diseases tended to receive a group 2
carbapenem even after propensity score matching (9-11). Because of this bias, some
studies found ertapenem to be more effective than other carbapenems (11, 12).

The largest European multinational cohort study tried to overcome this problem by pro-
pensity score matching and showed in a well-balanced cohort that ertapenem was not
inferior to group 2 carbapenems as definitive therapy (10). However, the outcome of this de-
finitive treatment cohort was not free from the effects of empirical regimens because some
patients received members of both groups of carbapenems. Empirical therapy, especially
when initiated in the early period of sepsis, may have a major influence on outcomes. With
a comparative study design that includes patients receiving both arms of the treatment, the
individual effects of each drug cannot be accurately evaluated. To overcome these limita-
tions, we compared the outcomes of treatment of ESBL-producing Enterobacterales bactere-
mia in a propensity score-matched cohort of patients who received either group 1 or group
2 carbapenems throughout the course of their treatment.

RESULTS

Study population. A total of 1,798 unique patients with ESBL-producing Escherichia
coli or Klebsiella pneumoniae bacteremia were identified over the study period, of whom
603 fulfilled the eligibility criteria. In the end, 162 pairs of propensity score-matched
patients were selected (Fig. 1). The numbers of patients enrolled in each hospital were
124 (Hallym University Sacred Heart Hospital), 119 (Dongtan Sacred Heart Hospital), and
81 (Kangnam Sacred Heart Hospital) patients. The characteristics of the 603 patients and
the propensity score-matched cohort (n = 324) are shown in Table 1. In the overall cohort,
patients receiving ertapenem were more likely to have E. coli bacteremia (93.1% versus
81.5%; P < 0.001) and less likely to have nosocomial infections (18.9% versus 27.0%;
P =0.022). The sources of bacteremia also differed between the two groups (P < 0.001).
Moreover, patients in the ertapenem group were less likely to have severe sepsis or septic
shock and to be admitted to the intensive care unit (ICU) than were those in the group 2
carbapenem group. Patients with high Charlson’s comorbidity index (CCl) scores (scores
of =3) were more common in the group 2 carbapenem group than in the ertapenem
group (92.5% versus 79.9%; P < 0.001). Antibiotic prescriptions are shown in Table 1.
Patients in the group 2 carbapenem group received an appropriate antibiotic and carba-
penem earlier than patients receiving ertapenem in the overall cohort. After propensity
score matching, baseline characteristics and antibiotic regimens were well balanced
when standardized mean differences (SMDs) were evaluated (see Fig. S1 in the supple-
mental material). Collinearity between the continuous and categorical variables was not
observed. The Hosmer-Lemeshow test to assess the goodness of fit of the regression
model was appropriate (P = 0.89), and the C-statistic (area under the curve) was 0.796.

Primary outcome. In the propensity score-matched cohort, there were 15 deaths
(9.3%) within 30 days in the ertapenem group and 25 (15.4%) in the group 2 carbape-
nem group. In survival analyses, 30-day mortality rates did not differ between the
patients receiving ertapenem and those receiving other carbapenems (P = 0.097 by log-
rank test) (Fig. 2). In univariate Cox regression, ertapenem was not associated with 30-
day mortality (hazard ratio [HR], 0.59 [95% confidence interval [Cl], 0.31 to 1.11]). After
adjustment of covariables with P values of <0.2 in the univariate Cox regression analysis,
ertapenem was again not associated with 30-day mortality (adjusted HR [aHR], 0.60 [95%
Cl, 0.29 to 1.22]) (Table 2). In multivariate Cox analysis, nosocomial infection (aHR, 2.68
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Patients with ESBL - positive E. coli or K. pneumoniae bacteremia admitted to the three
participating sites during the study period

Excluded (n = 912)
Polymicrobial infection (n = 17)
Non-use of carbapenem (n = 679)

Use of both group 1 and group 2 carbapenem (n = 216)

(n=1798)
g
A 4
Group 1 or Group 2 carbapenem use
(n = 886)
P

Excluded (n = 283)
Combination therapy (n = 44)
Carbapenem use less than 48 hour (n = 43)

Start after 96 hours from culture obtained (n = 196)

Group 1 carbapenem

(n = 403)

Group 2 carbapenem

(n =200)

Propensity-score matching 1:1

(Age, sex, pathogen, underlying disease, infection focus,

severity of sepsis, antibiotic start time and regimen)

Group 1 carbapenem

(n=162)

Group 2 carbapenem

(n=162)

FIG 1

July 2022 Volume 66 Issue 7

Study flowchart.

10.1128/aac.00287-22 3


https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.00287-22

Ertapenem versus Other Carbapenems in ESBL Treatment Antimicrobial Agents and Chemotherapy

TABLE 1 Clinical characteristics of patients with ESBL-producing E. coli and K. pneumoniae bacteremia in the overall and propensity score-
matched cohorts

Data for:
Overall cohort Propensity score-matched cohort
Ertapenem Other carbapenems Ertapenem Other carbapenems
Parameter? (n =403) (n =200) P (n=162) (n=162) P
Age (mean = SD) (yr) 71.0 £13.9 72.7 £ 13.2 0.20 72.7 =121 726 £ 13.6 0.80
Male sex (no. [%]) 133 (33) 92 (46) 0.0019 60 (37.0) 70 (43.2) 0.26
E. coli (no. [%]) 375(93.1) 163 (81.5) <0.0001 143 (88.3) 137 (84.6) 0.33
Nosocomial acquisition (no. [%]) 76 (18.9) 54 (27) 0.022 39 (24.1) 40 (24.7) 0.90
Underlying disease (no. [%])
Diabetes mellitus 178 (44.2) 74 (37.0) 0.093 70 (43.2) 65 (40.1) 0.57
Liver cirrhosis 23(5.7) 11 (5.5) 0.92 10 (6.2) 10 (6.2) 1.00
ESRD 7(1.7) 3(1.5) 1.00 2(1.2) 2(1.2) 1.00
COPD 2(0.5) 9 (4.5) 0.0012 2(1.2) 1(0.6) 1.00
Solid tumor, localized 66 (16.4) 36 (18) 0.62 30(18.5) 31(19.1) 0.89
Metastatic solid tumor 21(5.2) 27 (13.5) 0.0004 15(9.3) 19 (11.7) 0.47
Hematological malignancy 0(0) 6(3) 0.0013
Lymphoma 2(0.5) 5(2.5) 0.043 1(0.6) 1(0.6) 1.00
Solid organ transplantation 1(0.3) 2(1) 0.26 1(0.6) 1(0.6) 1.00
Chemotherapy within 6 mo (no. [%]) 25(6.2) 31(15.5) 0.0002 14 (8.6) 19(11.7) 0.36
Immunosuppressive agent within 1 mo 8(2.0) 6 (3) 0.57 3(1.9) 3(1.9) 1.00
(no. [%I)
CCl (median [IQR]) 5(3-6) 5(4-7) <0.0001 5 (4-6) 5(4-7) 0.11
CCl of =3 (no. [%]) 322(79.9) 185 (92.5) <0.0001 146 (90.1) 147 (90.7) 0.85
Source of infection (no. [%]) <0.0001 0.56
Urinary tract 333(82.6) 110 (55) 113 (69.8) 104 (64.2)
Biliary 26 (6.5) 38(19) 17 (10.5) 21(13.0)
Other 44°(10.9) 52¢(26) 329(19.8) 37¢(22.8)
Pitt bacteremia score (median [IQR]) 1(0-2) 2.0 (0-3) <0.0001 1(0-2) 2.0 (0-3) 0.023
Severe sepsis or septic shock (no. [%]) 186 (46.2) 124 (62) 0.0002 91 (56.2) 95 (58.6) 0.65
ICU admission (no. [%]) 101 (25.1) 103 (51.5) <0.0001 72 (44.4) 76 (46.9) 0.66
Hospital stay (mean = SD) (days) 15.7 = 18.0 21.5£19.0 <0.0001 16.9 = 22,5 20.2 = 145 <0.0001
ICU stay (mean = SD) (days) 8.5+ 135 10.2 = 15.1 0.0079 9.0 =15.2 8.9 9.1 0.017
Antibiotic regimen (no. [%])
Carbapenem as first antibiotic 125 (31.0) 103 (51.5) <0.0001 76 (46.9) 82 (50.6) 0.50
Other antibiotics as first antibiotic <0.0001 0.017
Third-generation cephalosporin 127 (31.5) 43 (21.5) 38 (23.5) 38 (23.5)
Cefepime 3(0.7) 7 (3.5) 0(0) 6(3.7)
Piperacillin plus tazobactam 53(13.2) 30(15.0) 25(15.4) 21(13.0)
Fluoroquinolones 85 (21.1) 12 (6) 22 (13.6) 10(6.2)
Other 10 (2.5) 5(2.5) 1(0.6) 5(3.1)
Time to active antibiotic after blood 344 + 346 21.2 =277 <0.0001 24.8 = 30.5 22.1 =287 0.53
culture (mean = SD) (h)
Active antibiotic within 24 h (no. [%)]) 211 (52.4) 140 (70.0) <0.0001 106 (65.4) 111 (68.5) 0.55
Active antibiotic within 48 h (no. [%)]) 257 (63.8) 160 (80.0) <0.0001 122 (75.3) 127 (78.4) 0.51
Active antibiotic within 72 h (no. [%)]) 304 (75.4) 186 (93.0) <0.0001 142 (87.7) 149 (92.0) 0.20
Time to carbapenem after blood culture 443 + 342 28.8 + 30.1 <0.0001 334 +324 30.6 = 31.2 0.37
(mean £ SD) (h)
Carbapenem within 24 h (no. [%]) 150 (37.2) 114 (57.0) <0.0001 83(51.2) 88 (54.3) 0.58
Carbapenem within 48 h (no. [%)]) 207 (51.4) 142 (71.0) <0.0001 104 (64.2) 110 (67.9) 0.48
Carbapenem within 72 h (no. [%)]) 275 (68.2) 177 (88.5) <0.0001 134 (82.7) 140 (86.4) 0.36
Duration of carbapenem treatment 11.04 £5 13775 <0.0001 11.3+57 136 *+7.2 0.002
(mean £ SD) (days)
Total duration of active therapy (mean = SD) 13.13 £ 6.67 15.3 £ 9.1 0.0045 13374 154 =9.2 0.016
(days)

(Continued on next page)
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TABLE 1 (Continued)

Data for:
Overall cohort Propensity score-matched cohort
Ertapenem Other carbapenems Ertapenem Other carbapenems
Parameter? (n =403) (n =200) P (n=162) (n=162) P
Death (no. [%])
Day 7 6(1.5) 9 (4.5) 0.047 4(2.5) 6(3.7) 0.52
Day 14 15(3.7) 23(11.5) 0.0002 9(5.6) 16 (9.9) 0.15
Day 30 26 (6.5) 34(17) <0.0001 15(9.3) 25(15.4) 0.091

9ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; IQR, interquartile range.

bIntraabdominal infection, 20 patients; pneumonia, 6 patients; skin and soft tissue infection, 4 patients; catheter-related infection, 5 patients; unknown, 9 patients.

‘Intraabdominal infection, 19 patients; pneumonia, 11 patients; skin and soft tissue infection, 1 patient; bone and joint infection, 1 patient; central nervous system infection,
2 patients; catheter-related infection, 3 patients; unknown, 15 patients.

9Intraabdominal infection, 16 patients; pneumonia, 5 patients; skin and soft tissue infection, 2 patients; catheter-related infection, 4 patients; unknown, 5 patients.

eIntraabdominal infection, 16 patients; pneumonia, 7 patients; bone and joint infection, 1 patient; central nervous system infection, 2 patients; catheter-related infection, 1
patient; unknown, 10 patients.

[95% Cl, 1.32 to 5.42]) and metastatic solid tumor (aHR, 3.96 [95% Cl, 1.28 to 12.24]) were
associated with 30-day mortality. In terms of 7- and 14-day mortality, ertapenem was
again not associated with outcomes (Fig. 3; also see Fig. S2 and Tables S1 and S2). In
multivariate logistic regression with propensity score-matched cohorts, ertapenem was
not associated with 30-day mortality (adjusted odds ratio [aOR], 0.56 [95% ClI, 0.23 to
1.37]) (see Table S3). Subgroup analyses for death within 30 days are presented in Fig. 3,
and none of the tests for interaction yielded significant results.

Secondary outcomes. Ten patients in the group 2 carbapenem group were already
colonized with carbapenem-resistant Enterobacterales (CRE) or carbapenem-resistant
Acinetobacter or Pseudomonas species. Therefore, 162 patients in the group 2 carbape-
nem group and 152 patients in the ertapenem group were compared for acquisition of
a multidrug-resistant organism (MDRO) (see Table S4). The incidences of CRE were
6.8% (11/162 patients) and 5.3% (8/152 patients) in the ertapenem group and the
other-carbapenem group, respectively, with no significant difference between them
(P = 0.37). Carbapenem-resistant Acinetobacter or Pseudomonas species were less fre-
quently acquired in patients receiving ertapenem than in those receiving other carba-
penems (odds ratio [OR], 0.36 [95% Cl, 0.15 to 0.83]). The rates of Clostridioides difficile
infection (CDI) did not differ between the ertapenem group and the other-carbapenem
group (8.1% versus 8.0%; P = 0.98).
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P=0.097 by log-rank Ertapenam
Other carbapenems
0.00
0 5 10 15 20 25 30
Follow-up (days)
Number at risk
Ertapenem 162 159 155 153 148 147 147
Othercarbapenems 1 162 161 149 145 143 140 137

0 5 10 15 20 25 30
Follow-up (days)

FIG 2 Probability of 30-day survival in the propensity score-matched cohort.
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TABLE 2 Thirty-day all-cause mortality risks in the propensity score-matched cohort
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Unadjusted HR

Variable“ (95% CI) P aHR® (95% Cl) P
Male sex 1.71(0.92-3.18) 0.090 0.91 (0.43-1.91) 0.80
E. coli 0.26 (0.13-0.49) <0.0001 0.38 (0.17-0.83) 0.015
Nosocomial acquisition 4.26 (2.28-7.94) <0.0001 2.68 (1.32-5.42) 0.006
Underlying disease

Liver cirrhosis 2.98 (1.25-7.10) 0.014 1.76 (0.58-5.37) 0.32

ESRD 4.47 (1.08-18.56) 0.039 1.87(0.28-12.57) 0.52

Solid tumor, localized 2.82(1.49-5.35) 0.002 1.96 (0.93-4.11) 0.077

Metastatic solid tumor 5.42(2.83-10.39) <0.0001 3.96 (1.28-12.24) 0.017
Chemotherapy within 6 mo 3.26 (1.59-6.67) 0.001 1.27 (0.47-3.44) 0.64
Ccdl 1.35(1.20-1.53) <0.0001 1.03 (0.85-1.25) 0.75
Source of infection <0.0001 0.45

Urinary tract Reference Reference

Biliary 2.09 (0.75-5.81) 0.16 1.42 (0.45-4.43) 0.55

Other 5.30(2.70-10.44) <0.0001 1.73 (0.74-4.05) 0.21
Pitt bacteremia score 1.29 (1.09-1.51) 0.003 1.29 (1.06-1.56) 0.012
Severe sepsis or septic shock 3.78 (1.67-8.55) 0.001 3.14 (1.30-7.59) 0.011
Carbapenem

Other carbapenem Reference Reference

Ertapenem 0.59(0.31-1.11) 0.10 0.60 (0.29-1.22) 0.16

9ESRD, end-stage renal disease.
bVariables with P values of <0.20 in univariate analyses were included in adjusted analyses.

DISCUSSION

In this study, the 30-day mortality rate for ertapenem was similar to that for other
carbapenems for treatment of ESBL-producing E. coli and K. pneumoniae bacteremia.
We enrolled patients who were exposed exclusively to either ertapenem or a group 2
carbapenem to reduce contamination effects between the treatment arms. By propensity
score matching and further adjustment of confounding factors in multivariate analyses, we
found that ertapenem was not inferior to other carbapenems in terms of 30-day mortality
rates in ESBL-positive E. coli and K. pneumoniae bacteremia. In addition, the use of ertape-
nem was not associated with early death (7 and 14 days). In our propensity score-matched
cohort, over 85% of patients were infected with E. coli, and over 65% had urinary tract
infections. According to our results, patients with urinary tract infections due to ESBL-
positive E. coli, even if they were in severe sepsis or septic shock, could be safely treated
with ertapenem. However, since only a small number of severe infectious diseases, such
as respiratory, central nerve system, or bone and joint infections, were included, it

Subgroup No. of Patients Hazard Ratio (95%Cl) P Value
Overall 324 H— 0.59 (0.31- 1.11) 0.102
Bacteria 0.234
E. coli 288 —— 0.81(0.38 - 1.76)
K. pneumoniae 44 H— 0.33(0.09-1.18)
Place of infection agcuired 0.211
community-acquired infection 79 —m— 0.86 (0.37 - 2.00)
nosocomial infection 245 HE— 0.37 (0.13- 1.04)
Source of infection 0.844
Urinary 107 - 0.60 (0.27 - 1.34)
Others 217 = 1T 0.69 (0.24 - 1.97)
Severe sepsis or septic shock 0.543
No 138 HE— 0.38 (0.07 - 1.94)
Yes 186 - 0.65(0.33 - 1.32)
0 1 2 3

<-favors ertapenem favors other carbapenems ->
FIG 3 Subgroup analyses.
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remains to be determined whether the effect of ertapenem in these groups of patients
is comparable to that of group 2 carbapenems.

Our findings are consistent with the results of previous observational studies. Lee et al.
compared clinical and microbiological outcomes among 244 patients with ESBL-producing
E. coli or K. pneumoniae who received ertapenem or other carbapenems, and they found
that ertapenem and the other carbapenems had similar efficacies, although they did not
adjust other confounding variables (8). Others have reported the same outcomes in propen-
sity score-matched cohorts (9, 11). However, those earlier studies used the carbapenem MIC
cutoff used before 2012; therefore, the results need to be interpreted with caution and
should not be directly applied in current clinical practice. Until now, there has been only
one study that compared ertapenem with other carbapenems using the present carbape-
nem MIC (10). That study also found that ertapenem appeared to be as effective, in terms of
30-day mortality rates, as the other carbapenems as a targeted therapy against ESBL-pro-
ducing Enterobacterales bacteremia.

The multinational preregistered cohort study analyzed 88 pairs of propensity score-
matched patients in a definitive treatment cohort and concluded that the outcome of
definitive treatment with ertapenem was comparable to that with the other carbape-
nems (10). However, that study suffered from a methodological problem, in that it
included patients who were given both groups of carbapenems. In other words, some of
the patients receiving ertapenem as definitive treatment received group 2 carbapenems
empirically, and vice versa. Although the authors grouped the empirical and definitive
treatment cohorts and analyzed them separately, the empirical therapy was not fully
under control because those cohorts were not mutually exclusive in terms of the compa-
rators. In study designs that permit counter-drugs to be used interchangeably by the
same patients, contamination of drug exposure occurs between groups. As a result, it is
difficult to conclude whether the outcome is due to the definitive treatment or the em-
pirical regimen and to measure the extent to which the outcome is influenced by the
empirical regimen. Since we aimed to avoid the contamination problem, we excluded
patients who received both groups of carbapenems over the course of treatment, even
at the risk of reducing the sample size. Despite this, to the best of our knowledge, this is
the largest propensity score-matched study that avoids the aforementioned contamina-
tion problem. Our results suggest that the efficacy of ertapenem may be comparable to
that of the other carbapenems in the treatment of ESBL-producing Enterobacterales.

As previous studies have reported and as occurs in real clinical practice, patients
with severe illness or underlying disease are more likely to receive group 2 carbape-
nems than ertapenem in order to cover nonfermenters. In addition, due to concerns
regarding ertapenem’s efficacy in critically ill patients, clinicians tend to start group 2
carbapenem treatment. In our study, carbapenem and active antibiotic treatments
were initiated earlier in patients receiving group 2 carbapenems, which could posi-
tively affect the treatment outcomes. Moreover, those severe illnesses or comorbid
conditions in the group 2 carbapenem group could negatively influence the treatment
outcomes after propensity score matching. In our propensity score-matched cohort,
the two groups were well balanced in terms of initiation of active antibiotic and carba-
penem treatments, severity of sepsis, and underlying disease (see Fig. S1 in the supple-
mental material). However, because there was still a 6% difference in mortality rates
between the propensity score-matched groups, some imbalance between the groups
cannot be excluded, and the generous SMD threshold of 0.2 and/or unmeasured varia-
bles might have led to residual confounding. To overcome this, we also performed
multivariate analyses in the propensity score-matched cohort.

In our subgroup analyses, we did not find that ertapenem was significantly associ-
ated with 30-day mortality in any subgroup (Fig. 3). In contrast with the INCREMENT
project, which observed a tendency for ertapenem to be less effective in severe sepsis
or septic shock (10), we did not detect any difference in the efficacy of ertapenem in a
subgroup analysis of severe sepsis/septic shock (n = 186). This outcome could reduce
the concern about the efficacy of ertapenem in critically ill patients. A previous study
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showed that group 2 carbapenems tended to be favored for patients with isolates
other than E. coli (10), and the authors suggested that this might be due to the higher
MIC of ertapenem for K. pneumoniae versus E. coli (13), resulting in inadequate pharma-
cokinetic target attainment for ertapenem. In our study, we were unable to determine
whether ertapenem was associated with 30-day mortality in K. pneumoniae bacteremia
because we were not able to evaluate the corresponding MIC value and few patients
with K. pneumoniae (n = 46) were enrolled; further work is required to see whether erta-
penem is associated with a worse outcome in patients with ESBL-producing K. pneumo-
niae bacteremia.

Ertapenem is expected to cause less acquisition of MDRO or Clostridioides difficile, com-
pared with other carbapenems, because it has no appreciable activity against nonferment-
ers such as Pseudomonas or Acinetobacter species. Some studies have detected such an
effect, although it remains controversial (14-17). In our study, other risk factors for acquir-
ing resistant organisms were not taken into account, although a carbapenem-resistant
nonfermenter was more commonly encountered in patients with group 2 carbapenems.
Therefore, the result should be interpreted with caution.

Our study has several strengths. First, our strict inclusion criteria were able to avoid
the limitations due to antibiotic regimen changes between empirical therapy and defi-
nite therapy regimens. Second, we demonstrated comparable efficacy of ertapenem in
a large propensity score-matched cohort with well-balanced groups, and we further
adjusted other variables to demonstrate ertapenem’s efficacy. Lastly, over one-half of
the patients were critically ill (56% of the patients had severe sepsis or septic shock) in
the present study, and our study suggests the safety of ertapenem in severe sepsis or
septic shock.

This study has some limitations. First, due to its retrospective nature, unmeasured
variables could not be adjusted. In addition, despite propensity score matching, the
possibility of residual confounding factors existed because we chose a generous SMD
value of 0.2 for balancing between the groups. However, in an attempt to reduce resid-
ual bias, we further adjusted variables using multivariate analyses, although this was
unlikely to eliminate all selection bias. Second, no ESBL confirmation test was per-
formed, and some of the isolates might not be ESBL producers. However, practically all
isolates cannot be confirmed for the presence of ESBL, and our result is more likely ap-
plicable to real-world practice in treating presumed ESBL-producing Enterobacterales
strains. Third, we captured all-cause mortality as the primary outcome, and this might
not have been sufficient to capture infection-related outcomes. However, because an
objective variable such as death is more reliable for assessing outcomes than are sub-
jective findings such as improving the signs or symptoms of infection and because the
specific causes of death could not be accurately established retrospectively, we used
all-cause mortality as the primary outcome measure. Lastly, since we did not review
the specific dosage of each antibiotic, we cannot exclude the possibility of inappropri-
ate dose administration for some patients; however, underdosing, which could bias
our conclusions, is unlikely in current practice.

In conclusion, our study demonstrates that ertapenem has efficacy comparable to that
of the other carbapenems in treating ESBL-producing E. coli and K. pneumoniae bacteremia.

MATERIALS AND METHODS

Study population and setting. We conducted a multicenter retrospective cohort study involving
three university-affiliated hospitals in South Korea (Hallym University Sacred Heart Hospital [an 870-bed
hospital in Anyang], Kangnam Sacred Heart Hospital [a 570-bed hospital in Seoul], and Dongtan Sacred Heart
Hospital [an 880-bed hospital in Hwaseong]). Hospitalized patients (age of >19 years) who had bloodstream
infections due to ESBL-positive E. coli or K. pneumoniae between January 2013 and December 2020 were iden-
tified retrospectively. Only the initial episode of bacteremia during the period under study was included.
Patients who received ertapenem or a group 2 carbapenem (meropenem, doripenem, or imipenem) within
96 h after a positive blood culture was obtained and for at least 48 h were included. Exchange usage among
group 2 carbapenems was allowed (e.g., use of doripenem followed meropenem was classified as group 2 car-
bapenems). Patients meeting the following criteria were excluded: (i) polymicrobial bacteremia, (ii) receiving
members of both groups of carbapenems during the course of treatment, or (i) combination therapy with
carbapenem regardless of susceptibility test results. The primary outcome was 30-day all-cause mortality.
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Secondary outcomes were CDI and the emergence of carbapenem-resistant Gram-negative colonization or
infection (CRE or carbapenem-resistant Acinetobacter or Pseudomonas species) within 90 days after carbape-
nem initiation. The study was approved by the institutional review boards of each of the three participating
hospitals (Hallym University Sacred Heart Hospital protocol number 2020-12-009, Dongtan Sacred Heart
Hospital protocol number HDT-2020-12-017, and Kangnam Sacred Heart Hospital protocol number HKS
2020-12-011). The requirement for patient consent was waived because the study was retrospective.

Variables and definitions. Patients’ medical records were reviewed by infectious diseases specialists
in each center. Demographic information, CCl values, and data on preexisting medical conditions, the
source of bacteremia, the severity of sepsis, the antimicrobial regimen and duration, and death were col-
lected (18, 19). Pitt bacteremia scores were collected within 24 h before and 24 h after collection of
blood cultures, and the worst readings were recorded. (20). When mortality data were unavailable in the
hospital electronic medical charts, we collected them from the National Statistical Office (Statistic Korea,
KOSTA). Nosocomial infection was defined as the onset of symptoms 48 h or more after admission or
within 48 h after hospital discharge. Active antibiotic was defined as any antibiotic with in vitro suscepti-
bility. Times to initiation of active antibiotic were captured in hours from the time of blood culture col-
lection. Times to initiation of the study antibiotic (carbapenem) were calculated from the time of blood
culture collection. CDI was defined as the presence of C. difficile toxin A or B by enzyme immunoassay or
PCR test within 90 days after the initiation of carbapenem treatment. Carbapenem-resistant Gram-negative
colonization or infection was defined as recovery of Enterobacterales, Pseudomonas, or Acinetobacter species
resistant to carbapenem in subsequent clinical or surveillance cultures within 90 days after initiation of carba-
penem treatment. Patients who were colonized with such resistant organisms and had CDI within 1 year
were excluded from the analysis. Day 1 was defined as the first day of blood culture collection.

Microbiological methods. E. coli and K. pneumoniae were identified in each center using automated
microbiology systems, and ESBL was detected with a Vitek 2 (bioMérieux) or MicroScan (Siemens Healthcare)
system. ESBL-positive isolates from the automated systems were selected. All isolates were ceftriaxone or
cefotaxime nonsusceptible. Then, all carbapenem-nonsusceptible isolates were screened for the presence of
carbapenemase and excluded from the study regardless of the presence of carbapenemase. Current Clinical
and Laboratory Standards Institute breakpoints were used to define susceptibility to the administered antibi-
otics (21). The MIC cutoff values for each carbapenem were followed. The MIC cutoff for ertapenem is
=0.5 mg/L, and those for meropenem, imipenem, and doripenem are 1 mg/L.

Statistical analyses. Since differences in baseline characteristics between patients receiving ertapenem
and those receiving other carbapenems were frequently observed in previous studies, we used propensity
score matching to balance the groups (22). For this purpose, we developed a multivariate logistic regression
model to estimate a propensity score for the likelihood of each patient receiving ertapenem. The covariates
included for generating propensity scores were the following: age, sex, bacterial species, nosocomial infec-
tion, underlying disease, CCl, use of immunosuppressive agent, chemotherapy, source of infection, severity
of sepsis, ICU admission, and antibiotic start time. Collinearity between the variables used to calculate the
propensity scores was evaluated. One-to-one greedy matching was used with a caliper width of 0.20. SMDs
were tested to ensure balance between ertapenem and other carbapenems after propensity score matching.
Baseline characteristics were considered balanced if the SMD values were <20%.

The chi square or Fisher's exact test was used to compare baseline categorical variables between
groups as appropriate. The Mann-Whitney U test was used to compare the baseline medians of continu-
ous variables. Mortality rates were plotted using Kaplan-Meier curves and compared using the log-rank
test. A Cox proportional hazard model was used to estimate HRs and associated 95% Cls for potential
risk factors for 30-day mortality. Variables with P values of <0.2 in univariate analyses were included in
multivariate models. Subgroup analyses for 30-day mortality were also performed. In addition, univariate
and multivariate logistic regressions were performed for 30-day mortality in propensity score-matched
cohorts. For secondary outcomes, only univariate logistic analyses were performed. The Hosmer-
Lemeshow test was used to assess the goodness of fit of regression models. All statistical analyses were
performed with SAS software version 9.4 (SAS Institute, Cary, NC).
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