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Corynebacterium striatum, generally considered an opportunistic organism in humans, has recently been
known to develop high-level daptomycin resistance (HLDR) shortly after drug exposure. To date, how-
ever, only several such clinical isolates have been described in the literature and clinical background of
the resistant pathogen remains to be elucidated. Here, we report a case involving a C. striatum strain with
HLDR harboring novel nucleotide mutations, together with a review of the relevant literature. To the best
of our knowledge, this is the first well-investigated clinical report from Japan including a genetic
investigation. Considering the rapid emergence of HLDR C. striatum in vitro experiment, there could be a
number of underreporting cases. Scrupulous attention is required when administering daptomycin for
the treatment of C. striatum infections, even if the organism has initially exhibited susceptibility.

© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Daptomycin (DAP) represents a unique class of natural cyclic
lipopeptide antibiotics that exert bactericidal activity against both
stationary- and log-phase Gram-positive bacterial pathogens. This
antibiotic exhibits good pharmacokinetic properties [1] and has
been highly recommended in treatment guidelines for methicillin-
resistant Staphylococcus aureus infections [2]. However, reports
have already described the emergence of DAP-non-susceptible
S. aureus strains both in vitro [3] and in vivo [4e6]. Moreover,
increasing numbers of the literature report emergences of high-
level DAP resistance (HLDR) in viridians group streptococci [7]
and Enterococcus faecium [8].

Corynebacterium species, opportunistic organisms colonizing
the human skin, have recently been recognized as the causes of
various infections [9]. As organisms potentially show multidrug-
resistance to both oral and intravenous antibiotics [10e12], DAP
is considered a major agent for the treatment of Corynebacterium
infections.
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Since the first report of the clinical emergence of HLDR in
Corynebacterium jeikeium in 2009 [13], several such cases have
been described in the literature [14e16]. Comprehensive studies of
the genomic, lipidomic, and biochemical aspects of DAP have
proven that the antimicrobial activity depends on the membrane
phosphatidylglycerol concentration [17,18]. According to the liter-
ature, a single mutation in phosphatidylglycerol synthase (pgsA2),
which removes phosphatidylglycerol from the bacterial membrane,
can induce the HLDR phenotype [17,18]. We herein report another
case of HLDR in a strain of C. striatum with a genetic investigation.
To our knowledge, this is the first such case reported in a Japanese
clinical setting.

2. Case

A 68-year-old man who had undergone a simultaneous
pancreas and kidney transplantation procedure consequent to type
1 diabetes mellitus 5 years earlier was hospitalized because of a
routine follow-up examination. While hospitalized, the patient
complained of lower right abdominal pain at the site of the trans-
planted graft. A laboratory examination revealed elevated levels of
C-reactive protein (7.18 mg/dL), serum pancreatic amylase (647 U/
L), and lipase (104 U/L). We diagnosed the patient with chronic
graft rejection and administered a 3-day course of
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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methylprednisolone (500 mg per day) and piperacillin/tazobactam.
His symptoms and laboratory values promptly improved. However,
he soon experienced an exacerbation of the abdominal pain, which
was accompanied by an elevation of the pancreatic enzyme levels.
Another course of high-dose methylprednisolone therapy was
administered, and the antimicrobial treatment was switched to a
combination of meropenem, micafungin, and gancyclovil.

Despite these changes, the patient subsequently developed
black stool and the right lower abdominal tenderness worsened.
Contrast-enhanced computed tomography (CECT) revealed an
intraperitoneal low-density lesion in the peri-duodenal adipose
tissue suggestive of abscess formation. As a result of percutaneous
puncture of the abscess, a wide variety of pathogens, including
methicillin-resistant Staphylococcus aureus, Enterococcus species,
Candida species, and Corynebacterium species, were detected in the
sample. DAP therapy (250 mg [3.7 mg/kg] per day) was added on,
but his condition and laboratory data did not improve after 1 week.
A follow-up CECT newly revealed intraperitoneal free air, and an
emergent operation revealed the collapse of the transplanted du-
odenum, which was then resected with the transplanted pancreas.

Twelve days after DAP initiation, the patient developed a high
fever. C. striatum was isolated from a blood culture examination
(MALDI Biotyper, Bruker Daltonics Inc., Billerica, MA, USA) and
found to be susceptible (MIC [mg/mL], minimum inhibitory con-
centration) to vancomycin (0.5), trimethoprim/sulfamethoxazole
(1), and rifampicin (�1), but resistant to penicillin (>4), cefotaxime
(>4), ceftriaxone (>4), cefepime (>2), and meropenem (>2)
(MICroFAST 7J, Beckman Coulter, Brea, CA USA). Because this or-
ganism induced bacteremia under the administration of DAP, we
examined its MIC level using Etest and Mueller Hinton E Agar
(bioM�erieux, Marcy-l'�Etoile, FRANCE). Consequently, the isolated
C. striatum strain was found to exhibit HLDR (MIC: >256 mg/mL).
Following a switch to a 4-week course of intravenous vancomycin,
the patient eventually recovered.

3. Bacterial analysis

To clarity the resistant mechanism, we performed a sequencing
analysis to detect a mutation in pgsA2, which encodes
Table 1
Amino acid substitutions identified in our isolate relative to a reference strain.

Reference isolate: WP1a
MAGRISPVNDSQAQQKAAAASDVNPNVSNWNLPNVLTSLRILFIPVFAWLVLADHEWWAFGL

VREMAGRISPVNDSQAQQKAAAASDVNPNVSNWNLPNVLTSLRILFIPVFAWLVLADHEWW
TVVILVREFGITLWRMALLRQGKVVPASKGGKLKTVLQTIAVAMYLCPLPSWMDIPTFAVMLA
MYLCPLPSWMDIPTFAVMLAAVVVTVVTGVQYLIDGRKQNS

Isolate: the present case
MAGRISPVNDSQAQQKAAAASDVNPNVSNWNLPNVLTSLRILFIPVFAWLVLADHEWWAFGL

KHXXRLHSSVSISSVCCLCGXRWLSWCASSALPCGAWLCCAKARWCQHLRAASXRLFSKPXLLPC

The upper and lower boxes present the amino acid sequences of the reference strain,WP1
in our isolate are expressed in bold, underlined text (5 positions). The amino acid sequen

Table 2
Summary of the reported cases of high-level daptomycin (DAP) resistance in Corynebact

Year Patient age
(years) and sex

Infections Sample Isolate

2009 46, man Febrile neutropenia Blood Corynebacterium je
2012 56, man Native valve endocarditis Blood Corynebacterium st

2014 61, man LVAD infection Blood Corynebacterium st
2016 67, man LVAD infection Blood Corynebacterium st
2016 67, man LVAD infection Blood Corynebacterium st
2018 68, man Intraperitoneal abscess Blood Corynebacterium st

MIC, minimum inhibitory concentration; LVAD, left ventricular-assist device.
In all cases, the MIC values for DAP were examined using Etest.
phosphatidylglycerol synthase, being known as a gene responsible
for DAP resistance [17,18]. We constructed an original primer set for
pgsA2 (Forward: 50-CAG AGA CTC GCA AAA CGC CA-30 and Reverse:
50-TGC AAT GTA CTT CAT GCC CC-30) and subjected bacterial DNA to
a PCR analysis using the following conditions: initial denaturation
at 95 �C for 3 min; 35 cycles of denaturation at 95 �C for 30 sec,
annealing at 61 �C for 30 sec, and extension at 72 �C for 1 min; and
final extension at 72 �C for 5 min. The PCR products were purified
and subsequently sequenced using a BigDye™ Terminator v3.1
Cycle Sequencing Kit and 3730 DNA analyzer (Applied Biosystems,
Foster City, CA, USA).

The sequence data (599 nucleotides), deposited in DDBJ
Sequence Database with accession number of LC462282, were
compared to the sequence of the reference strain, WP1a, in the
literature [17]. Consequently, we detected several nucleotide mu-
tations in our sample that led to 5 predicted amino acid sub-
stitutions: A65V, D95K, K96H, A97X, and L98X (Table 1). Of these,
the deletion of four nucleotides (AGAT) starting at position 282
yielded stop codons at amino acids 97 and 98, causing a crucial
inactivating mutation in this isolate.

4. Discussion

Wehave described a clinical isolate of C. striatumwith HLDR that
was isolated from a patient after a 12-day course of DAP therapy. A
sequencing analysis of pgsA2 encoding phosphatidylglycerol syn-
thase revealed multiple loss-of-function point mutations. As the
patient had not previously received DAP therapy, we assume that
HLDR emerged in this C. striatum strain within 12 days after
treatment initiation.

We reviewed the MEDLINE database for previous reports of the
clinical emergence of HLDR in Corynebacterium species (Table 2).
Notably, 6 cases, including ours, have been described since the
initial report in 2009 [13e16]. Three of the six cases involved
prosthetic device infections, and the others were associated with
refractory infections (febrile neutropenia, endocarditis, and intra-
abdominal abscess). In all cases, the pathogens were isolated
from blood samples. Corynebacterium jeikeium was isolated in one
case; all other isolates were C. striatum. All the isolates exhibited a
FVALMITDKLDGDIARSRGLITNFGKIADPIADKALMTAAFVCLNIIGVLPVWVTVVIL
AFGLFVALMITDKLDGDIARSRGLITNFGKIADPIADKALMTAAFVCLNIIGVLPVWV
AVVVTVVTGVQYLIDGRKQNSFGITLWRMALLRQGKVVPASKGGKLKTVLQTIAVA

FVVLMITDKLDGDIARSRGLITNFGKIADPIA
TCARYRAGWISLLLXLCSWQLWSPWSPVCSTSLTVGSRIA

a [18], and the isolate from the present case, respectively. The substitutions identified
ces after the nonsense mutations are indicated in italic font with a dotted underline.

erium species.

MIC level of DAP Preceding DAP administration Reference

ikeium >256 mg/mL After 8 days of DAP at 7.5 mg/kg [14]
riatum �256 mg/mL After 3 weeks of two 6-week

courses DAP at 6 mg/kg
[15]

riatum >256 mg/mL After 17 days of DAP at 8 mg/kg [16]
riatum >256 mg/mL After 16 days of DAP at 6 mg/kg [17]
riatum >256 mg/mL After 3 months of DAP at 6 mg/kg [17]
riatum >256 mg/mL After 12 days of DAP at 3.7 mg/kg present case
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DAP MIC level �256 mg/mL. The duration of DAP administration
varied from approximately 1 week to several months, and a DAP
dose of �6 mg/kg was administered in all but the present case.
Notably, C. striatum isolates with HLDR were shown to develop at a
high frequency (7/11 tested isolates [15], or 48/480 tested isolates
[12]) after an overnight in vitro incubationwith DAP. These findings
strongly suggest that clinicians should monitor the emergence of
such highly resistant pathogenic strains.

A loss of function in pgsA2 was previously shown to be
responsible for the development of Corynebacterium isolates
exhibiting HLDR. Recent studies reported amino acid changes in
pgsA2, such as G147D [17] and an F174 frameshift [18]. In our case,
we identified five predicted amino acid changes, including stop
codons (A97X and L98X). To our knowledge, our report describes
the first amino acid replacements that may be associated with the
development of HLDR in Corynebacterium species.

In conclusion, we have described a case of bacteremia attributed
to C. striatum with HLDR, which was isolated after 12 days of DAP
treatment. Additionally, our sequencing analysis has revealed the
genetic background of this isolate. Currently, DAP is considered a
last-resort antibiotic for the treatment of Gram-positive infections.
This rapid evolution of a highly DAP-resistant organism highlights
the significance of appropriate antibiotic use and the importance of
routine clinical screening for HLDR among Corynebacterium
species.
Conflicts of interest

None to report.
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