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Introduction: Extended-spectrum B-lactamase-producing Escherichia coli (ESBL-EC) report-
edly accounts for >20% of E. coli infections and 2.0% of infective endocarditis cases.
Nonetheless, there is a global paucity of reports on infective endocarditis caused by ESBL-EC.
Case: An 83-year-old Japanese man who underwent mitral annuloplasty for mitral valve
prolapse 5 years ago developed a fever of 38.5°C. The patient was hospitalized the first time
for pyelonephritis and bacteremia due to ESBL-EC and treated successfully with the antimicro-
bial meropenem for 14 days. Two days after discharge, however, the patient was re-admitted with
bacteremia due to ESBL-EC. He was treated successfully with the antimicrobial cefmetazole for
14 days. The patient was admitted to our institution for a third time due to bacteremia again, a day
after discharge following meropenem antibiotic therapy. Transesophageal echocardiography
showed vegetation in the anterior mitral valve annulus. Magnetic resonance imaging of the
head showed septic cerebral embolism. The patient was diagnosed with infective endocarditis
due to ESBL-EC and underwent mitral valve replacement. After 6 weeks of antibiotic therapy
with meropenem and tobramycin, the patient recovered completely. The causative E. coli strain
MS6396 was identified as the E. coli clone ST131 by multilocus sequence typing and confirmed
the presence of blactx.n.27 ESBL gene.

Conclusion: Only six cases of infective endocarditis associated with ESBL-EC have been
reported in the past. Moreover, this is the first report of a patient with infective endocarditis
bacteriologically or genetically analyzed for ESBL-EC. In future, factors that may cause
infective endocarditis in ESBL-EC infections may be clarified through more thorough
bacteriological/genetic analyses of ESBL-EC.
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Introduction
Extended-spectrum B-lactamases (ESBLs) can hydrolyze oxyimino-cephalosporins
such as cefotaxime, and ceftriaxone." This has a significant impact on the treat-
ment of Enterobacteriaceae, including Escherichia coli. In recent years, the pre-
valence of ESBL-producing E. coli (ESBL-EC) has increased dramatically
worldwide.>* In Japan, ESBL-EC reportedly accounts for >20% of E. coli
infections.*

The incidence of infective endocarditis in Japan is unknown; however, there
have been 513 reports in 3 years at 114 hospitals with cardiovascular specialists,

and the actual number is considered to be much higher.” E. coli has been reported to

Received: 23 May 2021
Accepted: 7 August 2021
Published: 25 August 2021

Infection and Drug Resistance 2021:14 3357-3362 3357
© 2021 Kenzaka et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-3120-6605
mailto:smile.kenzaka@jichi.ac.jp
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Kenzaka et al

Dove

be the causative agent, accounting for 2.0% of infective
endocarditis cases,” even though it is rarely responsible for
infective endocarditis, and ESBL-EC is an even rarer
causative agent.*’ In this case report, we present the
case of a patient with infective endocarditis caused by
ESBL-EC.

Case

An 83-year-old Japanese man presented at our institution
with a fever of 38.5°C in the first episode. Five years
previously, the patient had undergone mitral annuloplasty
for mitral valve prolapse. The patient had been taking
pravastatin 10 mg/day, rabeprazole 10 mg/day, carvedilol
2.5 mg/day, cibenzoline 150 mg/day, and verapamil 120
mg/day continuously following the mitral valve surgery.
The patient did not smoke or consume alcohol and did not
have diabetes mellitus. In addition to the fever, the patient
presented with right lower back pain and was examined at
our institution. ESBL-EC was detected in two sets of
blood cultures and a urine culture. The patient was
admitted to the hospital for the first time. We administered
antibacterial therapy with meropenem (1 g every 8 hours)
to the patient for 14 days for pyelonephritis and bacter-
emia caused by ESBL-EC. Negative blood cultures were
obtained 3 days after treatment initiation. The patient was
discharged one day after the completion of antibiotic
therapy.

Two days after discharge, he presented with a fever of
38.0°C and was admitted for a second time at our institu-
tion. As before, ESBL-EC was observed in two sets of
blood cultures; however, the urine culture were negative.
We initiated antibiotic therapy with cefmetazole (1 g every
8 hours) for 14 days. Three days after treatment initiation,
the patient’s blood cultures were negative, and he was
discharged in good general condition.

However, malaise was observed the day after dis-
charge, and the patient had a fever (37.4°C) and was
admitted for a third time at our institution. His con-
sciousness was lucid and his vitals were as follows:
37.4°C; blood pressure, 100/53
mmHg; pulse rate, 77 beats/minute; respiratory rate, 18

body temperature,

breaths/minute, regular; SpO2, 96% (room air). No con-
junctival hemorrhage, nail splinter hemorrhage, Janeway
lesions, or Osler’s nodules were observed. Heart sounds
were regular, and no murmurs were audible.

Blood test results showed white blood cells at 16,000/
pL, neutrophils at 90.0%, and C-reactive protein at 8.9 mg/
dL. Procalcitonin was 20.3 ng/mL. Two sets of blood

cultures yielded ESBL-EC. Antimicrobial susceptibility
results are shown in Table 1. The susceptibility results
for ESBL-EC detected by blood cultures in the two pre-
vious admissions and urine cultures in the first admission
were similar. ESBL-EC (designated MS6396) was suscep-
tible to meropenem and cefmetazole.

For repeated bacteremia due to ESBL-EC, the presence
of abscess or infective endocarditis was suspected, and the
following tests were performed. Computed tomography of
the chest, abdomen, and pelvic regions revealed no
remarkable findings. Transthoracic echocardiography did
not show vegetation, whereas transesophageal echocardio-
graphy showed mobile vegetation, 25 mm in size, in the
anterior mitral valve annulus (Figure 1). No valve destruc-
tion was noted. Magnetic resonance imaging of the head
(Figure 2) and diffusion-weighted and fluid-attenuated
inversion-recovery images showed 2-3 mm sporadic
high-intensity areas, mainly in the parietal lobe, which
were considered to be septic cerebral embolisms.

The diagnosis was infective endocarditis of the mitral
valve and septic cerebral embolism due to ESBL-EC. We
started antibiotic treatment with meropenem at a dose of 1
g every 8 hours on admission. The blood cultures were
negative 3 days after treatment initiation. We also admi-
nistered tobramycin (1.5 mg/kg every 8 hours) from day 5
onwards, in addition to meropenem for treating infective
endocarditis of the mitral valve due to ESBL-EC. A car-
diovascular surgery was planned, and the patient was
transferred to another institution to undergo mitral valve
replacement on day 13. The pathological findings during
the surgery were abscess-like changes, including inflam-
matory cell infiltration in the mitral valve mixed with
bacterial mass.

The patient was treated with meropenem and tobramy-
cin for 6 weeks postoperatively, and he recovered comple-
tely. Four years after the surgery, no recurrence has been
observed to date.

After the patient’s treatment was completed, additional
bacteriological and genetic examinations were performed on
the causative E. coli (MS6396) isolated from the blood
culture samples which was obtained at the first hospitaliza-
tion. DNA obtained via the cetyltrimethyl ammonium bro-
mide DNA extraction method® was used for DNA
sequencing using a MiniSeq next-generation sequencer
(Illumina, San Diego, CA, USA). For MiniSeq sequencing,
the DNA library was prepared using the Nextera XT Library
Prep Kit and Nextera XT Index Kit (Illumina), according to
the manufacturer’s instructions. A total of 1,130,645 paired-
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Notes: The susceptibility categories are based on the Clinical and Laboratory Standards Institute (CLSI) classification; 2017.

Abbreviations: ABPC, ampicillin; SBT/ABPC, sulbactam/ampicillin (1/2); TAZ/PIPC, tazobactam/piperacillin (1/8); CFPM, cefepime; CTM, cefotiam; CTX, cefotaxime; CTRX, ceftriaxone; CAZ, ceftazidime; CMZ, cefmetazole; CCL,

cefaclor; CFPN, cefcapene; FMOX, Flomoxef; IPM, Imipenem; MEPM, meropenem; AZT, aztreonam; LVFX, levofloxacin; MINO, minocycline; AMK, amikacin; GM, gentamicin; ST, sulfamethoxazole-trimethoprim (19/1); R, resistant; |,

intermediate; S, susceptible.

end reads were obtained from the MiniSeq run after adaptor
trimming. Trimming of low-quality reads and assembly
(average coverage of 56.411 x) were performed using
Shovill v1.0.9 (https://github.com/tseemann/shovill). The
MS6396 genome consists of 224 contigs with a length of
5,077,791 base pairs. The strain was identified as E. coli
using KmerFinder 3.1° and as the E. coli clone ST131 by
multilocus sequence typing (MLST) using MLST 2.0.'° A
search for drug resistant genes using ResFinder-3.2"" con-

firmed the presence of blactx.m7 ESBL gene (Table 2).
Additionally, the predominant plasmid replicon type was
observed to be IncFIA, IncFIB (AP001918), and IncFII
(pRSB107) (Table 3). Pathogenesis-related genes were
searched using a VFanalyzer,'? and we identified the adher-
ence- (pilus or fimbriae), autotransporter-, invasion-, iron
uptake-(siderophore), secretion system-, and toxin-related
genes (enterotoxin, hemolysin). Details of the pathogen-
esis-related genes of MS6396 are shown in the
Supplemental Table.

Discussion

Here, we reported the case of a patient who presented at
our institution with infective endocarditis caused by
ESBL-EC. To the best of our knowledge, infective endo-
carditis associated with ESBL-EC has been reported in
only six cases in the past.>”'*"'® Moreover, bacteriologi-
cal or genetic analysis of ESBL-EC has not been per-
formed in any of the previously reported cases, making
ours the first case to report on ESBL-EC analyses for
infective endocarditis.

The E. coli clone ST131 detected in this patient is a
common ESBL-EC pandemic clone that has spread glob-
ally among human clinical isolates.'” E. coli ST131 is also
the most pathogenic drug-resistant E. coli clone
worldwide.? In a Japanese tertiary hospital, the prevalence
of E. coli ST131 among ESBL-EC isolates was 52%
between 2008 and 2011.'* Additionally, E. coli strains
that produce CTX-M enzymes are globally prevalent in
the environment, livestock, and humans, spreading as
community-onset diseases and causing urinary and blood-
stream infections.'®?° In this patient, the onset of pyelone-
phritis and subsequent bacteremia were observed, and the
patient’s underlying post-mitral valve surgery status might
have led to the infective endocarditis, which required post-
mitral valve surgery.

Genome sequencing analysis of MS6396 indicated that
it belonged to the phylogenetic group B2, which mainly
contains virulent extra-intestinal E. coli strains®' and has
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Figure | Transesophageal echocardiography (A) 135°, (B) Mitral valve commissure (60°). Mobile vegetation, 25 mm in size, is observed in the anterior mitral valve annulus
(red arrow). Valve destruction is not observed. This is the portion exposed to reverse flow (green arrow).

Figure 2 Magnetic resonance imaging of the head (A) fluid-attenuated inversion-recovery images, (B) diffusion-weighted images. Hyperintense areas, mainly in the parietal
lobe, are sporadically observed (red arrow) and were considered septic cerebral embolisms.

been implicated in biofilm production.®® However,
MS6396 did not show biofilm-producing phenotype and
lacked the specific or unique genes involved in biofilm
production (Supplemental Table). ST131 belonged to the

025:H4 serotype and was reported to be an intestinal
3,22

adherent-invasive clone. The pathophysiology of
MS6396-associated infective endocarditis remains to be

elucidated. Further, the virulence of CTX-M-27-producing

E. coli ST131 is not fully understood; however, given their
close relationship to CTX-M-15-producing E. coli ST131,
which is reportedly highly pathogenic,”® it might be
assumed that they have a certain pathogenic potential.

In Japan, E. coli accounts for 2.0% of infective endo-
carditis cases.” However, ESBL-EC reportedly accounts
for >20% of E. coli infections in Japan.* Nonetheless,
there have been very few reports on infective endocarditis
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Table 2 Drug Resistance Gene Search Results

Beta-Lactam

Resistance Identity Query/Template Contig Position in Predicted Accession
Gene Length Contig Phenotype Number
blactx.M-27 100 876/876 contig00188 248.1123 Beta-lactam resistance AY 156923

Table 3 Plasmid Search Results.

The Following Replicons Were Detected

Plasmid Identity Query/Template Length Contig Position in Contig Note Accession Number
Coll56 98.59 142/154 contig001 15 6753.6894 NC009781
IncFIA 100 388/388 contig00120 136.523 AP001918
IncFIB (APO01918) 97.95 682/ 682 contig00109 8601.9282 AP001918
IncFIl (pRSB107) 100 261/ 261 contig00156 1264.1524 pRSB107 AJ851089

associated with ESBL-EC worldwide.®”'*>"'¢ Collection
of patient data on drug-resistance genes, plasmid replicon
types, and pathogenesis-related genes may reveal factors
that lead to infective endocarditis in ESBL-EC infections.

Conclusion

This report presents an extremely rare case of a patient
with infective endocarditis due to ESBL-EC. In the future,
factors that may cause infective endocarditis associated
with ESBL-EC might be clarified through more bacterio-
logical/genetic analyses of ESBL-EC.

Data Sharing Statement
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