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Enterobacter cloacae are thought to exhibit resistance to third-generation cephalosporins (3GCs) despite
their sensitivity to these drugs; therefore, broad-spectrum antibiotics such as carbapenems are primarily used
against them. Reports elucidating the treatment outcomes of 3GCs against E. cloacae are limited; therefore, we
aimed to accumulate further evidence in this regard. Patients with isolated E. cloacae infections who were treat-
ed with antibiotics between April 2008 and April 2021 at Hokkaido University Hospital were included in the
study. The primary endpoint was the difference in treatment efficacy between patients treated with the 3GCs
after the detection of E. cloacae and those treated with other drugs. As a secondary endpoint, we compared the
differences in treatment efficacy rates according to specimen type, severity, and type of antibiotics. Furthermore,
multivariate analysis was performed to identify the factors influencing treatment failure. Among the 146 cas-
es analyzed, 25 and 121 were categorized into the 3GCs and others groups, respectively. The treatment efficacy
rate did not significantly differ between the two groups (3GC vs. others: 80.0% vs. 84.3%; P = 0.564). Only one
patient in the 3GCs group developed resistance. The treatment efficacy rate did not differ according to the spec-
imen type, severity, or antibiotic class between the groups. Multivariate analysis confirmed that the use of 3GCs
did not affect treatment failure. 3GCs may be considered a potential therapeutic option for E. cloacae infections.
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INTRODUCTION

Enterobacter cloacae is a resident intestinal bacterium
that can cause healthcare-associated infections in immuno-
compromised individuals. E. cloacae harbor a chromosomal
AmpC B-lactamase gene that is normally suppressed but can be
induced to express and develop resistance to B-lactams, espe-
cially third-generation cephalosporins (3GCs)." Other bacte-
ria that have chromosomal AmpC B-lactamase genes include
Enterobacter spp., Citrobacter freundii, Serratia marcescens,
and Morganella morganii, but Enterobacter spp. reportedly has
the highest frequency of resistance development.? Carbapen-
ems are the first-line treatment for Enterobacter spp.; howev-
er, the rate of carbapenem resistance is increasing.? Cefepime
is a weak and stable inducer of AmpC,» and its mortality rate
is not inferior to that of carbapenems; therefore, it is used as
an alternative drug.» 3GCs are also weak inducers of AmpC,
but their use is not recommended because they are labile to
AmpC, can cause resistance, and can influence treatment
failure.+¢7.8 However, the frequency of 3GC usage-relat-
ed development of resistance is relatively low and unrelated
to treatment failure.®'® Studies that compared the treatment
results of 3GCs and other antibiotics revealed no differences in
mortality rates.') However, many of these studies included S.
marcescens and M. morganii, which are at low risk of AmpC
overproduction. Therefore, the results should be interpreted

with caution. Furthermore, reports on the comparison of treat-
ment outcomes of 3GCs and other antibiotics in E. cloacae, a
high-risk AmpC-producing bacterium, are limited.

Therefore, we aimed to accumulate evidence to support the
use of 3GCs in E. cloacae.

MATERIALS AND METHODS

Study Design and Setting We conducted a retrospec-
tive study on individuals diagnosed with E. cloacae infection
and treated with antibiotics from April 2008 to April 2021 at
Hokkaido University Hospital, Japan. Inclusion criteria were
patients aged 18 years or older and those with E. cloacae sus-
ceptible to 3GCs. The exclusion criteria were as follows: (1)
simultaneous infection with bacteria other than E. cloacae; (2)
no sensitive antibiotics used within 72 h of culture; and (3) use
of multiple sensitive antibiotics for over 72 h. This research
was conducted with permission from the Ethics Review
Committee of Hokkaido University Hospital (study protocol
NO. 021-0140).

Study Endpoints The primary endpoint was the differ-
ence in treatment efficacy between patients treated with 3GCs
after the detection of E. cloacae and those treated with other
drugs. The secondary endpoints were the differences in thera-
peutic efficacy rates according to specimen type, severity, and
type of antibiotics.
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Evaluation of Efficacy and Severity We evaluated effi-
cacy using the Guidelines on Clinical Evaluation Methods for
Antimicrobials.!? Severity was assessed using quick sequen-
tial organ failure assessment (SOFA) scores for bacteremia
and A-DROP or I-ROAD scores for pneumonia.'3-15 Patients
requiring surgical treatment for urinary tract infections were
classified as severe.

Statistical Analysis Statistical analysis was performed
using the Mann—Whitney U test for continuous variables and
Pearson’s chi-square or Fisher’s exact test for categorical vari-
ables. P values < 0.05 were considered statistically significant.

The Bonferroni method was used to correct the P values for
multiple comparisons to compare the treatment efficacy rate
by antibiotic class. Factor analysis was performed using the
presence or absence of treatment failure as the dependent vari-
able and the factors that may influence treatment failure as the
independent variables. Univariate analysis was performed for
all risk factors associated with treatment failure, and factors
with P < 0.1 were included in the multivariate analysis. All
statistical analyses were performed using EZR software.!®

RESULTS

Patient Characteristics A total of 146 patients were
included in the study out of 450 patients (Fig. 1). Of the
146 patients, 25 were treated with 3GCs, and 121 were treat-
ed with other antibiotics. Their characteristics are listed in
Table 1. Immunosuppression status, abscess formation, and
absence of drainage, positive in blood culture or biliary tract
infection were significantly different between the groups.

Treatment Efficacy Efficacy rates in the 3GCs and oth-
ers groups are presented in Table 2, and the breakdown of the
antibiotics is listed in Table 3. The treatment efficacy rate did
not significantly differ between the 3GCs and others groups
(80.0% vs. 84.3%; P = 0.564). Only one patient in the 3GCs
group developed resistance. The treatment efficacy rate did
not significantly differ according to specimen type or dis-
ease severity between the groups (Table 2). Furthermore, the
efficacy rate did not differ between each class of antibiotics
(Fig. 2).

Table 4 presents the results of the univariate analysis.

Patients treated with antibiotics for Enterobacter cloacae
between April 2008 and April 2021 (n =450 )

Excluded:
+ Pediatric patients (n=14)
+ Patients with resistance to 3GCs (n=138)
> - Patients with detection of bacteria other than Enterobacter cloacae
(n=147)
+ Patients who did not use antibiotics within 72 hours after confirming
the culture results (n=5)

3GCs (n = 25)

Eligible patients (n = 146)

Others (n=121)

Fig. 1. Flowchart of Patients Included in This Study

3GCs: third-generation cephalosporins.
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Critically ill patients and antibiotics used within 90 days pri-
or to initiating 3GCs or non-3GCs were included in the multi-
ple logistic regression analysis (P < 0.1; Table 5). Antibiotics
used within 90 days before initiating 3GCs or non-3GCs were
extracted as independent factors for treatment failure.

DISCUSSION

In this study, we investigated the efficacy of 3GCs against
E. cloacae, as this antibiotic class is typically not recommend-
ed owing to concerns regarding resistance;® however, some
recent reports suggest that they do not affect treatment fail-
ure.”!® Therefore, we compared the therapeutic efficacy rate
of 3GCs and other antibiotics against E. cloacae and observed
that patient characteristics, such as immunosuppression status,
abscess formation and no drainage, positive in blood culture,
and biliary tract infection were significantly different between
the groups. However, the severity of infection did not differ
between the two groups, and these items were not extracted as
risk factors for treatment failure. Therefore, it is unlikely that
they affected the results.

The therapeutic efficacy rate did not significantly differ
between the patients treated with 3GCs and those treated with
other drugs, and the results according to specimen type, sever-
ity, and antibiotic class were also similar.

Broad-spectrum antibiotics, such as carbapenems, are often
used in patients with severe illness. Despite initial concerns
that these antibiotics might affect the results of our study, we
observed that there was no significant difference in sever-
ity between the two groups, suggesting that 3GCs may be
used regardless of severity. In contrast, the Infectious Dis-
eases Society of America (IDSA) guidelines state that 3GCs
should not be used in cases of invasive infections.® Howev-
er, in uncomplicated cases such as no abscess formation where
long-term use is not anticipated, the use of 3GCs may be con-
sidered even in severe cases.

We observed that 4GCs and carbapenems, as well as qui-
nolones, were not significantly different from 3GCs in terms
of efficacy rate (Fig. 2). Fluoroquinolones are a therapeutic
option because they are not substrates for AmpC.» However,
we believe that caution should be exercised in their adminis-
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Fig. 2. Efficacy Rate by Class of Antibiotics

3GCs: third-generation cephalosporins, 4GCs: fourth-generation cephalosporins,
TAZ/PIPC: tazobactam/piperacillin. Fisher’s exact test, P values were adjusted by
Bonferroni correction.
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Table 1. Comparison of Patients Treated with 3GCs vs. Those Treated with Other Antibiotics

Description 3GCs (n=25) Others (n = 121) P value
Age (years), median (range) 68 (20-85) 69 (18-92) 0.445°9
Sex (male), n (%) 16 (64.0) 75 (62.0) 0.850 ¥
Duration of therapy (days), median (range) 8 (3-14) 8 (2-36) 0.222°9
Critically ill patients, n (%) 6 (24.0) 17 (14.0) 0.171"»
ICU residence, n (%) 5(25.0) 14 (11.6) 0.324"®
Appropriate empiric therapy, n (%) 21 (84.0) 105 (86.8) 0.750
Adequate dosage, n (%) 25 (100) 111 (91.7) 0.212°
Antibiotics used within 90 days prior to initiating 3GCs or non-3GCs, n (%) 10 (40.0) 71 (58.7) 0.087 %
Immunosuppression status, n (%) 8(32.0) 66 (54.5) 0.040 ¥ *
Formation of abscesses, n (%) 4(16.0) 13 (10.7) 0.494»
Abscess formation, and absence of drainage, n (%) 4 (16.0) 1(0.83) 0.003 ™ *
Positive in blood culture, n (%) 18 (72.0) 55 (45.5) 0.016  *
Source of infection, n (%)
Catheter 5(20.0) 16 (13.2) 0.361"
Biliary tract 9(36.0) 19 (15.7) 0.027 " *
Urinary tract 2(8.0) 24 (19.8) 0.250»
Respiratory 6(24.0) 41 (33.9) 0.336%
Others 3(12.0) 21 (17.4) 0.767"

a) Chi-squared test, b) Fisher’s exact test, ¢) Mann—Whitney U test. *P values < 0.05 were considered statistically significant. 3GCs: third-generation

cephalosporins, ICU: intensive care unit

Table 2. Efficacy Rate in the 3GCs vs. Others Groups

Table 3. Breakdown of Antibiotics

Efficacy rate 3GCs (n=25) Others (n=121) P value Antibiotics
Total, n (%) 20 (80.0) 102 (84.3) 0.564 3GCs, n
Specimen, n (%) ceftriaxone 9
Blood 15/18 (83.3) 45/55 (81.8) 1.000 sulbactam/cefoperazone 8
Sputum 3/4 (75.0) 35/43 (81.4) 1.000 cefotaxime 4
Urine 2/3 (66.7) 22/23 (95.7) 0.222 ceftazidime 4
Severity, n (%) Others, n
Mild to moderate 16/19 (84.2) 90/104 (86.5) 0.726 tazobactam/piperacillin 32
Serious 4/6 (66.7) 12/17 (70.6) 1.000 meropenem 3]
Fisher’s exact test. *P values < 0.05 were considered statistically significant. levofloxacin 20
cefepime 16
doripenem 10
tration owing to their broader spectrum compared with that of imipenem/cilastatin 5
3GCs. Similar results were obtained for tazobactam/piperacil- minocycline 2
lin; however, its use for severe infections is not recommend- sulfamethoxazole-trimethoprim 2
ed because of limited efficacy.® Additionally, its spectrum is amikacin 1
broader than that of 3GCs; therefore, its use is minimal clini- aztreonam 1
garenoxacin mesilate hydrate 1

cal significance.

Multivariate analysis revealed that antibiotics used within
90 days prior to initiating 3GCs or non-3GCs was a risk fac-
tor for treatment failure, but the use of 3GCs was not. This
suggests that 3GCs are unlikely to result in treatment failure
and may be considered a therapeutic option for treating E.
cloacae infections. Additionally, although we excluded cases
of polymicrobial infections to rule out the effects of other bac-
teria, similar results may be obtained for infections in which
E. cloacae is the primary causative organism.

Only one patient in the 3GCs group developed resistance,
and the rate of resistance development did not differ between
the two groups (3GCs group: 4.0% vs. others group: 0.0%,
P =0.171; data not shown). In other reports, the emergence
rate of resistance was approximately 10%.'7!® This was high-
er than that observed in our study, which may be attributed
to the longer duration of treatment in the other reports. How-
ever, we could not draw comparisons because the number of
patients that developed resistance in our study was small. This
resistant case was that of a liver abscess in a patient with chol-
angiocarcinoma. Previous reports have suggested that biliary

3GCs: third-generation cephalosporins

tract infections associated with cholangiocarcinoma are one
of the risk factors for the development of drug resistance.?
The results of this study are, therefore, reasonable. 3GCs
may be withheld in cases of abscess formation. Additionally,
the insufficient dosage is associated with AmpC overproduc-
tion.'” In this case, the antibiotic used was ceftazidime (CAZ)
at a dose of 1 g every 8 h. CAZ is a renal excretion-type drug,
and in this case, we observed no compromise in renal func-
tion. Therefore, the dosage could be increased to 2 g every
8 h. As shown in Table 3, several of the 3GCs used were cef-
triaxone and sulbactam/cefoperazone, which are hepatically
metabolized drugs. This particular class of drug is less like-
ly to be underdosed compared with renal excretion-type drugs,
which could potentially explain the lack of differences in the
treatment efficacy rate. When using 3GCs against E. cloacae,
the maximum dose of antibiotics should be administered, and
hepatically metabolized drugs may be appropriate for patients
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Table 4. Univariate Logistic Regression Analysis of Independent Factors for Treatment Failure

Characteristic OR 95% CI P value
Age 0.99 0.96-1.02 0.477
Sex (male) 1.25 0.49-3.16 0.632
Duration of therapy 1.02 0.94-1.11 0.617
Critically ill patient 2.73 0.98-7.60 0.055°
ICU residence 2.03 0.66-6.29 0.220
Inappropriate empiric therapy 1.88 0.61-5.77 0.272
Inadequate dosage 0.55 0.07-4.52 0.575
Antibiotics used within 90 days prior to initiating 3GCs or non-3GCs 3.68 1.29-10.5 0.015°
Use of third-generation cephalosporins 1.02 0.32-3.31 0.970
Immunosuppression status 0.79 0.33-1.91 0.603
Formation of abscesses 2.41 0.76-7.63 0.134
Abscess formation, and absence of drainage 3.61 0.57-22.8 0.173
Positive in blood culture 1.34 0.45-4.01 0.599
Source of infection
Catheter 0.83 0.22-3.06 0.774
Biliary tract 0.82 0.26-2.61 0.733
Urinary tract 0.62 0.17-2.24 0.461
Respiratory 1.33 0.53-3.30 0.543
Others 1.08 0.33-3.53 0.893

P values < 0.1 were included in the multiple logistic regression analysis. OR: odds ratio, 95% CI: 95% confidence interval, ICU: intensive care unit

Table 5. Multivariate Logistic Regression Analysis of Independent Factors
for Treatment Failure
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