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Identification of a Novel 6'-N-Aminoglycoside Acetyltransferase,
AAC(6')-1ak, from a Multidrug-Resistant Clinical Isolate of
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Stenotrophomonas maltophilia IOMTU250 has a novel 6'-N-aminoglycoside acetyltransferase-encoding gene, aac(6')-Iak. The
encoded protein, AAC(6')-Iak, consists of 153 amino acids and has 86.3% identity to AAC(6')-1z. Escherichia coli transformed

with a plasmid containing aac(6’)-Iak exhibited decreased susceptibility to arbekacin, dibekacin, neomycin, netilmicin, sisomi-
cin, and tobramycin. Thin-layer chromatography showed that AAC(6')-Iak acetylated amikacin, arbekacin, dibekacin, isepami-

cin, kanamycin, neomycin, netilmicin, sisomicin, and tobramycin but not apramycin, gentamicin, or lividomycin.

tenotrophomonas maltophilia is a globally emerging multi-

drug-resistant Gram-negative pathogen that is most com-
monly associated with respiratory infections in humans (1) and
causes an increasing number of nosocomial respiratory tract and
bloodstream infections in immunocompromised patients. S.
maltophilia exhibits resistance to a broad spectrum of antibiotics,
namely, B-lactam antibiotics, macrolides, cephalosporins, fluoro-
quinolones, aminoglycosides, carbapenems, chloramphenicol,
tetracyclines, and polymyxins (1). Several intrinsic antibiotic re-
sistance traits in S. maltophilia are known; an increase in mem-
brane permeability and the presence of chromosomally encoded
multidrug resistance efflux pumps have also been observed (2).

Aminoglycoside-resistant mechanisms involve primarily ami-
noglycoside-modifying enzymes (3) and 165 rRNA methylases
(4). The 6'-N-aminoglycoside acetyltransferases [AAC(6')s] are
of particular interest because they can modify a number of clini-
cally important aminoglycosides. There are two main AAC(6")
subclasses, which differ in their activities against amikacin and
gentamicin. The AAC(6")-I-type enzymes effectively acetylate
amikacin but not gentamicin, whereas the AAC(6')-II-type en-
zymes effectively acetylate gentamicin but not amikacin (5). To
date, 45 genes encoding AAC(6")-1 types, designated aac(6')-Ia to
-Iaj, have been cloned, and their bacteriological or biochemical
properties have been characterized (5-8).

S. maltophilia IOMTU250 was isolated from the endotracheal
tube of a patient in a medical ward of a hospital in Nepal in 2012.

Escherichia coli DH5a (TaKaRa Bio, Shiga, Japan) and Escherichia -

coli BL21-CodonPlus (DE3)-RIP (Agilent Technologies, Santa

Clara, CA) were used as hosts for recombinant plasmids and pro-
tein expression, respectively. MICs were determined using the mi-
crodilution method (9). The MICs of tested aminoglycosides for
S. maltophilia IOMTU250 are shown in Table 1. The MICs of
other antibiotics were as follows: ampicillin, >1,024 pg/ml; am-
picillin-sulbactam, 128 pg/ml; aztreonam, 128 pg/ml; ceftazi-
dime, 8 pg/ml; cephradine, 1,024 wg/ml; cefepime, 64 pg/ml; ce-
fotaxime, 64 pg/ml; cefoxitin, 512 pg/ml; chloramphenicol, § pg/
ml; colistin, 32 pg/ml; fosfomycin, 128 wg/ml; imipenem, 256
pg/ml; levofloxacin, 1 pg/ml; meropenem, 64 pg/ml; minocy-
cline, =0.25 pg/ml; penicillin, 512 pg/ml; ticarcillin-clavulanate,
8 wg/ml; tigecycline, =0.25 pg/ml; and trimethoprim-sulfame-
thoxazole, 4 pg/ml

Genomic DNA was extracted from S. maltophilia IOMTU250
using DNeasy blood and tissue kits (Qiagen, Tokyo, Japan) and
sequenced with a MiSeq system (Illumina, San Diego, CA). More
than 20-fold coverage was achieved. A new 6’-N-aminoglycoside
acetyltransferase variant was designated aac(6’)-Iak.

A synthetic aac(6')-Iz gene (462 bp) was produced by Funako-

.go
biology. All Rights Reserved,

TABLE 1 MIC:s of various aminoglycosides for S. maltophilia IOMTU250 and E. coli strains transformed with aac(6')-Iak and aac(6')-Iz

MIC" (ug/ml)
Strain® ABK AMK APR DIB GEN ISP KAN LIV NEO NET SIS TOB
S. maltophilia IOMTU250 512 64 >512 512 32 64 128 >512 512 512 64 64
E. coli DH50/pSTV28 0.5 0.25 1 0.25 0.25 0.25 1 2 0.5 0.25 0.25 0.5
E. coli DH50/pSTV28-aac(6’)-lak 2 1 1 16 0.25 0.5 2 2 4 1 2 4
E. coli DH5a/pSTV28-aac(6')-Iz 4 2 1 16 0.25 0.5 2 2 4 8 2 16

“ The MICs for S. maltophilia and E. coli strains were determined with Mueller-Hinton broth preparations and individual aminoglycosides.
¥ ABK, arbekacin; AMK, amikacin; APR, apramycin; DIB, dibekacin; GEN, gentamicin; ISP, isepamicin; KAN, kanamycin; LIV, lividomycin; NEO, neomycin; NET, netilmicin; SIS,

sisomicin; TOB, tobramycin.
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FIG 1 Dendrogram of 6'-N-aminoglycoside acetyltransferases [AAC(6')s] for comparison with AAC(6’)-lak. The dendrogram was calculated using the
CLUSTAL W2 program. Branch lengths correspond to numbers of amino acid exchanges for the proteins. EMBL/GenBank/DDBJ accession numbers of the
proteins are as follows: AAC(6')-1a, M18967-1; AAC(6')-Ib, M23634; AAC(6")-Ic, M94066; AAC(6')-1d, X12618; AAC(6")-Ie, M13771; AAC(6")-If, X55353;
AAC(6')-1g, L09246; AAC(6')-1h, L29044; AAC(6")-1i, L12710-1; AAC(6")-1j, L29045; AAC(6')-1k, L29510; AAC(6')-Im, CAA91010; AAC(6')-1q, AF047556-1;
AAC(6")-Ir, AF031326; AAC(6')-Is, AF031327; AAC(6')-It, AF031328; AAC(6')-Iu, AF031329; AAC(6')-Iv, AF031330; AAC(6)-Iw, AF031331; AAC(6')-Ix,
AF031332; AAC(6')-1y, AF144880; AAC(6')-1z, AF140221; AAC(6')-Iad, AB119105; AAC(6')-lae, AB104852; AAC(6')-Iaf, AB462903; AAC(6')-Iag, AB472901;
AAC(6")-1ai, EU886977; AAC(6’)-1aj, AB709942; AAC(6')-Iak, AB894482; AAC(6')-1al, AB871481; AAC(6')-Tam, AB971834; AAC(6')-1la, M29695; AAC(6')-
IIb, L06163; AAC(6')-IIc, AF162771; AAC(6')-29a, AF263519; AAC(6')-29b, AF263519; AAC(6)-30, AJ584652; AAC(6')-31, AJ640197; AAC(6')-32,
EF614235; AAC(6')-33, GQ337064; AAC(6')-130, AY289608; AacA7, U13880; AacA8, AY444814; AacA29, AY139599; AacA34, AY553333; AacA35, AJ628983;

AacA37, DQ302723; AacA40, EU912537; and AacA43, HQ247816.

shi Co. Ltd. (Tokyo, Japan). The aac(6')-Iak and aac(6' )-Iz genes
were cloned into the corresponding sites of pSTV28 using primers
Sall-aac(6')-lak-F (5'-ATGCGTCGACATGACCGGCAGCGCG
GCCACGATCCGCCCG-3") and Pstl-aac(6')-Iak-R (5'-ATCTG
CAGTCACGCCGATGGCTCCAGTGGCATGCGGAAA-3") and
Sall-aac(6')-1z-F (5'-ATGGTCGACATGATCGCCAGCGCGCC
CACGATCCGCC-3") and Pstl-aac(6')-1z-R (5'-ATCTGCAGTC
ACGCCGATGGCTCCAGCGGCATGCGGAA-3"), respectively.
E. coli DH5a was transformed with pSTV28-aac(6')-Iak or
pSTV28-aac(6')-Iz to assess aminoglycoside resistance.

The open reading frame of AAC(6')-Iak was cloned into the
pQE2 expression vector using the primers Sall-aac(6')-Iak-F and
Pstl-aac(6')-lak-R for protein expression. Purification of the re-
combinant AAC(6)-lak protein and thin-layer chromatography
(TLC) analysis were performed as previously described (7). The
kinetic activities of AAC(6)-Iak were determined as previously
described (8).

AAC(6)-Iak consists of 153 amino acids. As shown by the
dendrograms of AAC(6’) based on amino acid sequences in Fig. 1,
AAC(6')-Iak is close to AAC(6")-Iz and AAC(6")-lam (accession
no. AB971834) from S. maltophilia (10). Multiple sequence align-
ments among AAC(6') enzymes revealed that AAC(6')-Iak had
86.3% identity to AAC(6')-1z from S. maltophilia (11), 84.3%
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identity to AAC(6")-Iam from S. maltophilia (10), 47.7% identity
to AAC(6')-lag from Pseudomonas aeruginosa (8), 43.1% iden-
tity to AAC(6')-1f from Enterobacter cloacae (12), and 42.8% iden-
tity to AAC(6')-1y from Salmonella enterica (13).

We compared the enzymatic properties of AAC(6')-Iak with
those of AAC(6')-1z because they had similar amino acid se-
quences and were detected in S. maltophilia. As shown in Table 1,
E. coli expressing AAC(6")-Iak or AAC(6')-1z showed decreased
susceptibility to all aminoglycosides tested except for apramycin,
gentamicin, and lividomycin. The MICs of netilmicin and tobra-
mycin for E. coli expressing AAC(6')-Iak were significantly lower
than those for E. coli expressing AAC(6')-1z. The MICs of the
other aminoglycosides tested were not significantly different be-
tween E. coli isolates expressing AAC(6')-Iak and AAC(6')-1z (Ta-
ble 1).

S. maltophilia IOMTU250 was highly resistant to all aminogly-
cosides tested, whereas E. coli expressing aac(6')-Iak was suscep-
tible to all aminoglycosides tested except for dibekacin (Table 1).
The discrepancy of aminoglycoside susceptibilities between S.
maltophilia and E. coli could be explained by the presence of efflux
pump genes specific for S. maltophilia. Whole-genome sequenc-
ing with the MiSeq system in this study showed that IOMTU250
had the efflux pump genes specific for S. maltophilia, including
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TABLE 2 Kinetic parameters of AAC(6')-Iak and AAC(6')-Iz enzymes®

AAC(6')-Tak AAC(6')-1z

K ke Ko K Keat/Ko
Aminoglycoside” (pM)* Koo (871 (LM™'s™h (pM)* kear (s71° (bM™'s™h
ABK 36 =13 0.57 + 0.10 0.016 176 0.57 * 0.06 0.036
AMK 32*x17 0.11 + 0.03 0.004 245 0.26 = 0.02 0.011
DIB 24+ 3 0.25 = 0.04 0.010 31+5 0.46 = 0.05 0.015
ISP 4*9 0.05 + 0.01 0.001 498 0.11 £ 0.01 0.002
KAN 307 0.04 = 0.01 0.001 449 0.05 £ 0.01 0.001
NEO 102 0.32 = 0.01 0.034 13x+2 0.29 + 0.01 0.023
NET 70+ 6 0.30 £ 0.02 0.004 25*+8 0.34 = 0.05 0.013
SIS 4+ 1 0.16 = 0.01 0.038 7%1 0.20 * 0.03 0.028
TOB 16 = 4 0.08 = 0.01 0.006 12%+2 0.25 £ 0.03 0.021

“ The proteins were initially modified by a His tag, which was removed after purification.

b ABK, arbekacin; AMK, amikacin; DIB, dibekacin; ISP, isepamicin; KAN, kanamycin; NEO, neomycin; NET, netilmicin; SIS, sisomicin; TOB, tobramycin.
K, and k,, values represent the means of results from 3 independent experiments * standard deviations. ’

smeABC, smeDEF, smeZ, smeJK, and the pem-tolCsm operon.
These genes are known to be associated with aminoglycoside re-
sistance (14-16), although it is difficult to clarify whether or not
these efflux pump genes contribute to aminoglycoside resistance
together with aac(6’)-Iak in S. maltophilia IOMTU250.

As shown in Table 2, recombinanttk;l AAC(6')-Iak and
AAC(6')-1z acetylated arbekacin, amikacin, dibekacin, isepa-
micin, kanamycin, neomycin, netilmicin, sisomicin, and to-
bramycin. The profile of enzymatic activities of AAC(6')-Iak
were similar to those of AAC(6')-Iz, although AAC(6")-Iak had
higher k,/K,, ratios for neomycin and sisomicin (Table 2).

To examine the acetyltransferase activity of AAC(6')-lak
against aminoglycosides, we performed TLC using the purified
recombinant AAC(6')-Iak. Lividomycin was used as a negative
control because it has a hydroxyl group instead of an amino group
at the 6’ position and therefore cannot be acetylated by AAC(6').
As shown in Fig. 2, all aminoglycosides tested except for apramy-
cin, gentamicin, and lividomycin were acetylated by AAC(6)-Iak,
and amikacin, isepamicin, kanamycin, and tobramycin were par-
tially acetylated by AAC(6')-lak under the experimental condi-
tions used. The TLC data for apramycin, gentamicin, and livido-
mycin were consistent with the MICs of the aminoglycosides for E.
coli with pSTV28-aac(6’)-Iak and E. coli with the control vector
(Table 1).

The substrate specificity of AAC(6")-Iak was similar to that of
AAC(6')-1z, although some kinetic parameters of AAC(6')-Iak
were different from those of AAC(6)-1z; i.e., the K,,, for netilmicin
and the k,,, for tobramycin of AAC(6')-Iak were different from
those of AAC(6')-1z (Table 2). The chemical structure of netilmi-

cin is similar to that of sisomicin except for a residue at position 1
in 2-deoxystreptamine ring IT (position R,; ethylamino and amino
groups, respectively). The ethylamino group at position R, in
netilmicin, therefore, must be critical for the substrate affinity of
AAC(6’)-1z but not that of AAC(6')-Iak. The chemical structure
of tobramycin is similar to that of dibekacin, but tobramycin hasa
hydroxyl group at position 4" in ring I (position R,), whereas
dibekacin does not, indicating that the hydroxyl group of tobra-
mycin at position R negatively affects the turnover rate (k) of
AAC(6")-Iak but not that of AAC(6')-1z.

The structure of the genetic environment surrounding aac(6')-
Iak was similar to that of a region surrounding aac(6’)-Iam in S.
maltophilia K279a, obtained from a patient in the United King-
dom (10) (Fig. 3). The genetic environment surrounding aac(6')-
Iak from nucleotides (nt) 23623 to 46040 had 92% identity to a
genetic region in S. maltophilia K279a (accession no. AM743169)
from nt 3660929 to 3683268 (10). The genetic environment sur-
rounding aac(6’)-lak in S. maltophilia IOMTU250 contained at
least 5 housekeeping genes, including purA, acnA, aroK, aroB, and
thrA, indicating that aac(6')-Iak was located in the chromosomal
genome.

All the aac(6')-1z, aac(6')-Iak, and aac(6')-Iam genes were de-
tected in clinical isolates of S. maltophilia (10, 11, 17). These genes
contributed to decreased susceptibility to 2-deoxystreptamine
aminoglycoside antibiotics, such as neomycin, netilmicin, sisomi-
cin, and tobramycin but not gentamicin (Table 1) (17). The dele-
tion of aac(6')-Iz in a clinical isolate of S. maltophilia resulted in
the increased susceptibility of the isolate (17).

This study was approved by the Institutional Review Board of

+ - + - ¥ = ¥ =
ABK AMK  APR DIB

+ -

+ -
GEN ISp

+ = + = o+ -
KAN LIV  NEO

T
NET SIS TOB

FIG 2 Analysis of acetylated aminoglycosides by thin-layer chromatography. AAC(6")-Iak and various aminoglycosides were incubated in the presence (+) or
absence (—) of acetyl coenzyme A. ABK, arbekacin; AMK, amikacin; APR, apramycin; DIB, dibekacin; GEN, gentamicin; ISP, isopamicin; KAN, kanamycin; LIV,
lividomycin; NEO, neomyein; NET, netilmicin; SIS, sisomicin; TOB, tobramycin.
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FIG 3 Genetic environments surrounding aac(6’)-Iak in S. maltophilia IOMTU250 and aac(6')-lam in S. maltophilia K279a.

the Institute of Medicine at Tribhuvan University (approval
6-11-E) and the Biosafety Committee of the Research Institute of
the National Center for Global Health and Medicine (approval
25-M-038).

Nucleotide sequence accession number. The sequence for
aac(6')-Iak and its genetic environments (76,559 bp) was depos-
ited in GenBank under accession number AB894482.
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A novel New Delhi metallo-B-lactamase variant, NDM-12, was identified in a carbapenem-resistant Escherichia coli clinical iso-
late obtained from a urine sample from a patient in Nepal. NDM-12 differed from NDM-1 by two amino acid substitutions
(M154L and G222D). The enzymatic activities of NDM-12 against B-lactams were similar to those of NDM-1, although NDM-12
showed lower k_,,/K,, ratios for all B-lactams tested except doripenem. The blayp.,, gene was located in a plasmid of 160 kb.

M etallo-B-lactamases (MBLs) usually confer reduced suscep-
tibility to carbapenems, cephalosporins, and penicillins but
not monobactams (1). Acquired MBLs are produced by Gram-
negative bacteria, including Acinetobacer spp., Pseudomonas
aeruginosa, and several Enterobacteriaceae (1). MBLs are catego-
rized by their amino acid sequences into various types (2—4), in-
cluding AIM (5), DIM (6), FIM (7), GIM (8), IMPs (9), KHM
(10), NDMs (11), SMB (12), SIM (13), SPM (14), TMBs (15), and
VIMs (16). The most prevalent types of MBLs are IMP-, VIM-,
and NDM-type enzymes (1, 2, 17). NDM-1 was initially isolated
from Klebsiella pneumoniae and Escherichia coli in 2008 in Sweden
(11). Subsequently, at least 11 NDM variants (www.lahey.org
/studies) have been reported in several countries (4, 18-29).

This study was ethically reviewed and approved by the Institu-
tional Review Board of the Institute of Medicine at Tribhuvan
University (reference 6-11-E) and the Biosafety Committee at the
National Center for Global Health and Medicine (approval no.

"26-D-088 and 26-D-089).

E. coli IOMTU388.1 was isolated from a urine sample obtained
from a patient in 2013 in a university hospital in Nepal. The isolate
was phenotypically identified, and the species identification was
confirmed by 16S rRNA sequencing (30). E. coli DH5« (TaKaRa
Bio, Shiga, Japan) and E. coli BL21-CodonPlus(DE3)-RIP (Agi-
lent Technologies, Santa Clara, CA) were used as hosts for recom-
binant plasmids and for expression of blaypy.; and blaypy. ;2
respectively.

MICs were determined using the broth microdilution method as
recommended by the Clinical and Laboratory Standards Institute
(31). The MICs of B-lactams for E. coli IOMTU388.1 are shown in
Table 1, and the MICs of other antibiotics were as follows: amika-
cin, >1,024 pg/ml; arbekacin, >1,024 pg/ml; ciprofloxacin, 128
pg/ml; colistin, <0.125 pg/ml; fosfomycin, 8 pg/ml; gentamicin,
>1,024 pg/ml; kanamycin, >1,024 pg/ml; levofloxacin, 32 ug/
ml; minocycline, 8 pwg/ml; tigecycline, =0.125 pg/ml; and tobra-
mycin, >1,024 pg/ml. PCR analysis was performed to detect the
MBL genes blapny, blagiv, blape, blanpms blagng blagpn, and

blayn (32, 33). The isolate was PCR positive for blaypy but.

negative for the other MBL genes tested. The DNA sequence of
the PCR product revealed that the isolate had blaypy. s-
Multilocus sequence typing (MLST) of IOMTU388.1 typed it as
ST635 (E. coli MLST Database; http://www.pasteur.fr/recherche
/genopole/PF8/mlst/EColi.html). blaypy., obtained from P.
aeruginosa IOMTU9 (29) was used as a reference gene.
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The blaypm.i» sequence had 2 amino acid substitutions
(M154L and G222D) compared with blaypy., (accession no.
JF798502) and one substitution (G222D) compared with NDM-4
(accession no. JQ348841). )

The blaypu.; and blaypyy. 1 genes were cloned into the corre-
sponding sites of pHSG398 (TaKaRa, Shiga, Japan) using the
primer set ECORI-NDM-F (5'-GGGAATTCATGGAATTGCCCA
ATATTATG-3") and PstI-NDM-R (5'-AACTGCAGTCAGCGC
AGCTTGTCGGCCAT-3"). E. coli DH5a was transformed with
pHSG398-NDM-1 or pHSG398-NDM-12.

The open reading frames of NDM-1 and NDM-12 without signal
peptide regions were cloned into the pET28a expression vector (No-
vagen, Inc., Madison, WI) using the primer set BamHI-TEV-NDM-F
(5'-ATGGATCCGAAAACCTGTATTTCCAAGGCCAGCAAATG
GAAACTGGCGAC-3") and XhoI-NDM-R (5'-ATCTCGAGTCAG
CGCAGCTTGTCGGCCATG-3"). The resulting plasmids were
transformed into E. coli BL21-CodonPlus(DE3)-RIP (Agilent
Technologies, Santa Clara, CA). Both recombinant NDM-1 and
NDM-12 were purified simultaneously using Ni-nitrilotriacetic
acid (NTA) agarose according to the manufacturer’s instruction
(Qiagen, Hilden, Germany). His tags were removed by digestion
with TurboTEV protease (Accelagen, San Diego, CA) and un-
tagged proteins were purified by an additional passage over the
Ni-NTA agarose. The purities of NDM-1 and NDM-12, which
were estimated by SDS-PAGE, were greater than 90%. During the
purification procedure, the presence of B-lactamase activity was
monitored using nitrocefin (Oxoid, Ltd., Basingstoke, United
Kingdom). Initial hydrolysis rates were determined in 50 mM
Tris-HCI buffer (pH 7.4) containing 0.3 M NaCl and 5 pM
Zn(NQ,), at 37°C, using a UV-visible spectrophotometer (V-530;
Jasco, Tokyo, Japan). The K, and k,, values and the k_,/K,,, ratio
were determined by analyzing B-lactam hydrolysis with a Lin-
eweaver-Burk plot. Wavelengths and extinction coefficients for

TT.anid BS. contributed equall.to this
Co £ ©2014, Arerican Society
C03355-14. %
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NDM-12 Metallo-B-Lactamase Variant-Producing E. coli

TABLE 1 MICs of various -lactams for E. coli IOMTU388.1 and E. coli DH5a transformed with plasmids encoding NDM-12 or NDM-1

MIC (jug/ml) for strain:
Antibiotic(s) IOMTU388.1 DH5a{pHSG398/NDM-1) DH5a(pHSG398/NDM-12) DH5a(pHSG398)
Ampicillin >1,024 256 512 4
Ampicillin-sulbactam >1,024 128 128 2
Aztreonam 64 =0.063 =0.063 =0.063
Cefepime 512 0.5 1 =0.063
Cefoselis 1,024 16 8 1
Cefotaxime >1,024 8 16 =0.063
Cefoxitin >1,024 64 16 =0.063
Cefpirome 512 2 2 =0.063
Ceftazidime >1,024 256 256 =0.063
Ceftriaxone >1,024 16 16 =0.063
Cefradine >1,024 512 256 16
Doripenem 32 0.063 0.063 =0.063
Imipenem 16 0.5 0.25 =0.063
Meropenem 64 0.25 0.125 =0.063
Moxalactam >1,024 16 4 0.125
Penicillin G >1,024 256 256 32

B-lactam substrates have been reported previously (34-36). The
K,, and k_, values (means * standard deviations) were obtained
from three individual experiments. The enzymatic activities of
NDM-1 were measured in parallel with those of NDM-12,

The plasmid harboring blaypy. ;2 Was extracted (37) and se-
quenced using MiSeq (Ilumina, San Diego, CA). The size of the
plasmid harboring blaypy.;» was determined using pulsed-field
gel electrophoresis (PFGE) and Southern hybridization. A probe
for blayp. 1» from IOMTU388.1 was amplified by PCR using the
primer sets for ECoRI-NDM-F and PstI-NDM-R. Signal detection
was carried out using the digoxigenin (DIG) High Prime DNA
labeling and detection starter kit IT (Roche Applied Science, Indi-
anapolis, IN).

Mating-out assays between the parental strain IOMTU388.1
and the chloramphenicol-resistant E. coli strain BL21 were per-
formed in LB broth using a 1:4 donor/recipient ratio for 3 h at
37°C. Transconjugants were selected on Muller-Hinton agar
plates containing ceftazidime (100 pg/ml) and chloramphenicol
(30 pg/ml). Selected transconjugants harboring blayppm. , were

TABLE 2 Kinetic parameters of the NDM-1 and NDM-12 enzymes”

confirmed by PCR with the primer set EcoRI-NDM-F and Pstl-
NDM-R.

E. coli DH50 harboring blaypay.; 0F blayp. 2 showed reduced
susceptibility to moxalactam and all penicillins, cephalosporins,
and carbapenems tested compared with DH5a harboring a vector
control (Table 1). The MICs of the B-lactams cefoxitin and moxa-
lactam for DH5a harboring blaypy,.,, were 4-fold less than those
for DH5« harboring blaypn., (Table 1).

As shown in Table 2, recombinant NDM-1 and NDM-12
hydrolyzed all B-lactams tested except for aztreonam. The profiles
of enzymatic activities of NDM-12 against 3-lactams tested were
similar to those of NDM-1, although NDM-12 had lower k_,/K,,,
ratios for all B-lactams tested except for doripenem. The lower
k../K,, ratios were likely to be caused by the lower k,, values of
NDM-12 compared with those of NDM-1, as the values of
NDM-12 were 11.4 to 73.6% of those of NDM-1 (Table 2). The
profiles of enzymatic activities of NDM-1 except for cefoxitin were
similar to those of NDM-1 that we reported previously (29). The
k../K,, ratio for cefoxitin in Table 2 was 10-fold higher than that

NDM-1* NDM-12*
kcal/Km kcat/Km

B-Lactam K,, (M) keae (71" (M 7's™h K, (M) ke (571)° (#M™'s™h
Ampicillin 231 + 33 249 + 22 1.1 126 £ 4 136 =2 1.1
Aztreonam NH¢ NH NH NH NH NH
Cefepime 162 =7 311 0.19 103+ 6 11.1 £ 0.2 0.11
Cefotaxime 102 £ 16 137 =7 1.1 45+ 4 38+1 0.84
Cefoxitin 13+1 6.7 + 0.1 0.50 262 0.66 = 0.01 0.02
Ceftazidime 2027 56 * 1 0.28 53+ 4 57 0.1 0.11
Cefradine 27*3 72+ 1 2.7 57+ 4 16 1 0.28
Doripenem 201 + 27 114 £ 9 0.57 88 +2 53 %1 0.60
Imipenem 249 *+ 43 44 * 2 0.34 125 £ 22 22*2 0.18
Meropenem 81+ 10 139 = 10 1.7 9138 53+ 2 0.58
Moxalactam 45*23 7.6 =03 2.0 67 x5 6.0 = 0.2 0.09
’Penicillin G 67+ 6 104 £ 1 1.6 64+ 8 42+ 2 0.66

“ The proteins were initially modified by a His tag, which was removed after purification.

® The K,,, and k.,, values shown represent the means from 3 independent experiments * standard deviations.

"

€ NH, no hydrolysis was detected under conditions with substrate concentrations up to 1 mM and enzyme concentrations up to 700 nM.

October 2014 Volume 58 Number 10
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(Kb)

FIG 1 Localization of blaypy.;, on a plasmid from E. coli strain IOMTU388.1
separated by PFGE. Left lane, MidRange PFG marker (New England BioLabs,
Tokyo, Japan); middle lane, plasmids from E. coli strain IOMTU388.1; right
lane, hybridization of the plasmid with a probe specific for blaypp.y2-

in our previous study (see Table 2 in reference 29). The differ-
ence between the ratios may be explained by the use of different
buffer solutions in the kinetics assays (Tris buffer and phos-
phate buffer, respectively). It was reported that phosphate ions
affected the enzymatic activities of metallo-f3-lactamase IMP-1
(38). Phosphate ions may affect the enzymatic activities of
NDM-1 against cefoxitin.

The MBL gene blaypy.,, in E. coli IOMTU388.1 was de-
tected in a plasmid, pIOMTU388-NDM (accession no.
AB926431), with a size of 160 kb (Fig. 1). The sequence surround-
ing blaypam.12 Was blagpa. 12-blenpy - trpF-dsbC-tnpA-sull-gacEAL
This plasmid showed more than 99.9% identity at the nucleotide
sequence level to the sequence located from bp 70978 to 77904 in the
pGUE-NDM plasmid (accession no. JQ364967) from E. coli strain
GUE, which was isolated in India (39), and also showed 99.9%
identity at the nucleotide sequence level to the sequence located
from bp 372 to 7298 in the pEC77-NDM plasmid (accession
n0.AB898038) from E. coli strain NCGM77, which was isolated in
Japan (40). The plasmid harboring blaypy. 1, belonged to the IncF
incompatibility group and was conjugated from IOMTU388.1 to
E. coli BL21 at a conjugative frequency of 1.63 X 107°.

The 2 substitutions M154L and G222D in NDM-12 (compared
with NDM-1) affected the activity of the enzyme (Table 2). Nor-
dmann et al. (24) reported that a mutant containing M154L
(NDM-4) possessed increased hydrolytic activity toward carbap-
enems and several cephalosporins compared to NDM-1. Unex-
pectedly, NDM-12, which contains the M154L substitution, did

not show an increase in hydrolytic activities. The substitution at -

position 222 found in NDM-12 has been not reported in other
variants, to our knowledge. Although we did not directly compare
the enzymatic activity of NDM-12 with those of NDM-4, the sub-
stitution of G222D in NDM-12 may be associated with a decrease
in hydrolytic activities toward these antibiotics (Table 2). Position
222islocated inloop L10 of NDM-1, which forms the active site of
NDM-1 with L3 at the bottom of a shallow groove (41-44).
Among all known 11 NDM-1 variants, amino acid substitutions
were found at 13 amino acid positions, including positions 28, 32,
36, 69,74, 88,95, 130, 152, 154, 200, and 233. Positions 28, 32,and
36 were in the signal peptide region. Positions 95, 130, and 154
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have been reported to affect B-lactam-hydrolyzing activities, al-
though whether the activities are affected by the other 6 substitu-
tions has not been reported. Residue 95 is located in al on the
protein surface, and the amino acid substitution at position 95
affected the k,, values of NDM-3 (40). The substitution at posi-
tion 130 (Met to Leu) showed increased hydrolytic activity toward
carbapenems and several cephalosporins compared to NDM-1
(24, 29).

This is the first report describing NDM-12-producing E. coli in
Nepal. NDMs seem to evolve rapidly; therefore, careful monitor-
ing of NDM-producing pathogens is required.

Nucleotide sequence accession number. The plasmid se-
quence including blaypy,. 1> has been deposited in GenBank under
accession no. AB926431.
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We report a case of multidrug-resistant (MDR) Acinetobactor baumannii isolates obtained from a traveler
returned from Brunei. Whole-genome sequencing analysis revealed that the isolates harbored blagxa.23
and armA. The minimum inhibitory concentrations of antibiotics against the strain were as follows:
imipenem, 32 pug/ml; meropenem, 32 pg/ml; ciprofloxacin, 16 ug/ml; amikacin, = 1024 pg/ml; arbekacin,
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rarely reported in Japan, and, to the best of our knowledge, this is the second report of A. baumannii
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harboring both resistant genes in Japan.
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1. Introduction

Acinetobacter baumannii is an opportunistic pathogen of
hospital-acquired infection, particularly of infections acquired in
intensive care units, that is usually responsible for up to 10% of
hospital-acquired infections and increases mortality up to 70%
[1-4]. A. baumannii frequently acquires genes associated with drug
resistance and pathogenicity, which gives it genetic diversity and
overcomes antibiotic selection pressure [5].

The emergence of multidrug-resistant (MDR) A. baumannii
resistant to carbapenem and aminoglycoside has become a serious
problem, since carbapenem and aminoglycoside are important
treatment options for A. baumannii infections [G]. Carbapenem-
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hydrolyzing class D B-lactamases (CHDLs) are considered the
most prevalent cause of carbapenem resistance in A. baumannii;
among CHDLs, OXA-23-like enzymes are the most prevalent and
have been reported worldwide [G]. Acquired 16S rRNA methylase
genes are responsible for high-level resistance to various amino-
glycosides [7]. The 16S rRNA methylase encoding genes armA and
rmtC are widely spread among various Gram-negative bacterial
species, including A. baumannii [8]. Here, we report a case of MDR
A. baumannii isolates harboring blapxa-3 and armA. An clinical
isolate of A. baumannii harboring both blapxa-23 and armA has been
reported in Japan up to now [9]. This is the second report of
A. baumannii harboring both these resistant genes in Japan.

2. Case report

A 78-year-old Japanese man with diabetes mellitus and chronic
obstructive pulmonary disease (COPD) went on a 1-month world
cruise. During the previous year, he had not had any history of
antimicrobial exposure. On the 15th day of his trip, he developed

1341-321X/© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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flu-like symptoms, including runny nose, sore throat, cough, joint
pain, loss of appetite, and fatigue. His general condition deterio-
rated with prolonged fever over 38 °C, and he was therefore
transferred to a hospital in Brunei on the 21st day of his trip. He was
diagnosed with diffuse pneumonia and sepsis, and was admitted to
the intensive care unit. Meropenem and azithromycin were
administered. On the 4th day after his admission, he was intubated
due to acute respiratory distress syndrome (ARDS). On day 16, he
underwent tracheostomy. On day 21, MDR A. baumannii was iso-
lated from the tracheostomy stoma site, and nasal, axillary, and
groin areas. Intravenous colistin was started (details including
doses unavailable). His clinical course was complicated with a
catheter line-associated bloodstream Candida tropicalis infection,
which was treated first with fluconazole and then with caspo-
fungin. On day 66, a percutaneous endoscopic gastrostomy (PEG)
tube was inserted for feeding. Ventilator weaning had been tried
several times without success.

On day 89, the patient was transported to the National Center
for Global Health and Medicine (NCGM) in Tokyo, Japan. Upon
arrival, he was hemodynamically stable. He was on ventilatory
support and bed bound. A chest X-ray revealed bilateral pleural
effusion. Due to his prior admission to an ICU abroad, he was
considered to be at risk for carrying antimicrobial-resistant or-
ganisms. He was placed in a single room on contact precaution. A
culture of the tracheostomy stoma site was positive for MDR
A. baumannii, which is resistant to all classes of antibiotics except
minocycline (Table 1).

On day 11 after the patient’s arrival, he developed pneumonia
due to Klebsiella pneumoniae that was sensitive to various classes of
antibiotics. Piperacillin and tazobactam were administered, and the
pleural effusion was drained. His respiratory condition improved
gradually, and the drain tubes were removed but ventilator
weaning was never successful. The patient therefore remained in
our hospital for 7 months. During his stay at our hospital, he
developed ventilator-associated pneumonia due to A. baumannii
twice, and was successfully treated with colistin and minocycline
for 13 and 22 days, respectively. During the first episode of MDR
A. baumannii infection, colistin (Colomycin® Injection) was started
at a dose of 1,250,000 U, q12h, adjusted for the patient's creatinine
clearance level (50 ml/min). As his renal dysfunction progressed,
the colistin dose was reduced to 1,250,000 U q36h. During the
second episode, the patient's renal function had further deterio-
rated (creatinine clearance, 40 ml/min) and his body weight had

Table 1
In vitro susceptibilities of A. baumannii NCGM279.

Antibiotics MIC (pg/mi)
Amikacin >1024
Arbekacin >1024
Aztreonam 64
Cefepime 64
Cefotaxime 1024
Cefoxitin >1024
Ceftazidime 512
Cephradine >1024
Ciprofloxacin 16
Colistin 4
Fosfomycin 512
Gentamicin >1024
Imipenem 32
Meropenem 32
Minocycline <2
Ofloxacin 8
Piperacillin >1024
Piperacillin-tazobactam 256
Tigecycline 0.25

also further decreased; therefore colistin was administered at a
dose of 400,000 U, q12h (20,000 U/kg/day). The patient was ulti-
mately discharged to a nursing home with ventilatory support.
During his hospitalization, he was placed in a private room. Strict
infection control measures including contact precaution, emphasis
on hand hygiene, and additional droplet precaution was applied
when performing procedures involving respiratory droplets and
secretions.

We examined the minimum inhibitory concentrations (MICs) of
various drugs against the MDR A. baumannii isolate (NCGM279)
obtained from the patient’s sputum. The MICs of amikacin, cefox-
itin, ceftazidime, cephradine, ciprofloxacin, colistin, piperacillin,
tigecycline (Sigma—Aldrich, St. Louis, MO, USA), arbekacin, fosfo-
mycin (Meiji Seika Pharma, Tokyo, Japan), aztreonam (Eisai, Tokyo,
Japan), cefepime (Bristol-Myers Squibb, New York, NY, USA), cefo-
taxime (Chugai Pharmaceutical, Tokyo, Japan), gentamicin (Nacalai
Tesque, Kyoto, Japan), imipenem (Banyu Pharmaceutical, Tokyo,
Japan), meropenem (Sumitomo Pharma, Osaka, Japan), minocycline
(Pfizer Pharmaceutical Co., Tokyo, Japan), ofloxacin (Daiichi Sankyo
Pharmaceutical Co., Tokyo, japan), and piperacillin-tazobactam
(Toyama Pure Chemical Industries, Tokyo, Japan) were deter-
mined using the microdilution method, according to the guidelines
of the Clinical and Laboratory Standards Institute (CLSI) [10]. The
MICs of these drugs against NCGM279 are shown in the Table 1. A
baumannii NCGM279 was found to be resistant to all antibiotics
tested except for minocycline and tigecycline. The CLSI and Euro-
pean Committee on Antimicrobial Susceptibility Testing (EUCAST)
have not yet determined a breakpoint for tigecylcine to
A. baumannii. An epidemiological cut-off value for tigecycline to
A. baumannii was 1 mg/L as defined by EUCAST. NCGM279 was not
likely to be resistant to tigecycline.

The entire genome of NCGM279 was sequenced by Illumina
GAllIx (IHlumina, San Diego, CA, USA). We obtained 1,455,378 reads
and 4,257,140 bp from 989 contigs in NCGM279. The multilocus
sequence types (MLSTs) according to the A. baumannii MLST
Database website (http://pubmlst.org/abaumanniif), the P-lacta-
mase genes and the aminoglycoside-resistance genes were deter-
mined using the entire genome data. The NCGM279 belonged to
ST208. Whole-genome analysis revealed that NCGM279 had f-
lactamase genes blatgm-1. blaape, blaoxa-23. and blagxa-es; and -
aminoglycoside-resistance genes aac(6’')-Ib, aadAl and armA.
NCGM279 had point mutations causing amino acid substitutions of
Ser-83 to Leu in gyrA and Ser-80 to Leu in parC, but had no point
mutation in gyrB, whose mutations were associated with resistance
to fluoroquinolnes [11-14].

3. Discussion

The optimum therapeutic choices for MDR A. baumannii in-
fections still require clarification by future research; we used a
combination therapy of minocycline and colistin in this patient
[15].

The patient in this case had traveled overseas and received
medical care in Brunei. He had never received medical care in any
other foreign country prior to this episode. Thus, it is likely that this
patient acquired MDR A. baumannii during his stay in Brunei.
Receiving medical care abroad has been suggested as a potential
route of transmission of MDR organisms [16,17]. The sequence type
of A. baumannii isolated in this study was ST208, which often
carries blaoga-23 and appears to be an emerging lineage mediating
the spread of carbapenem resistance [18]. Gram-negative patho-
gens harboring both blagxa-23 and armA have been reported in
Bulgaria [19], France [20], India {21], Korea [22], Norway [23] and
the United States of America [24]. Patients who have been hospi-
talized abroad have a potential risk of carrying MDR bacterial

—326—



214 M. Tojo et al. /] infect Chemother 21 (2015) 212-214

species. Screening for drug-resistant organisms should be per-
formed upon the hospital admission of patients transferred from
foreign countries.
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Abstract

The Verigene Clostridium difficile Nucleic Acid Test (Verigene CDF Test) (Nanosphere, Northbrook, IL, USA) is a new multiplex
qualitative polymerase chain reaction (PCR) test used to detect C. difficile toxin genes in fecal specimens. To evaluate the
performance of the new method, we tested 69 fecal samples from patients with suspected C. difficile infection using the
Verigene CDF test, an enzyme immunoassay (EIA) and PCR following anaerobic fecal culture. The sensitivity, specificity, and
accuracy of the Verigene CDF test were 96.7% (29/30), 97.4% (38/39), and 97.1% (67/69) respectively, using PCR following
fecal culture as a reference method. We also analyzed the potential clinical impact of the Verigene CDF test using chart
reviews of the 69 patients with suspected C. difficile infection and found that 11 of the 69 patients were incorrectly
diagnosed, and the Verigene CDF test would have led to them receiving more appropriate management including practice
of treatment and contact precaution, although, of the 69 patients, there are two whose samples were incorrectly identified
with the Verigene CDF test. The Verigene CDF test will have a positive impact on patient care.
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Introduction

Clostridium difficile (C. difficile) infection is a serious problem in
healthcare, with high incidence, mortality, and healthcare costs
[1,2]. Accurate diagnosis is crucial to the overall management of
this infection, including administration of appropriate treatment
and the use of contact precautions to prevent nosocomial spread.
For the diagnosis of C. difficile infection, various testing methods
are available including enzyme immunoassays (EIAs), anaerobic
fecal culture, cell culture cytotoxicity neutralization assays, and
polymerase chain reaction (PCR). Although an EIA for C. difficile
toxins A and B is easy to use and rapid, it is no longer
recommended as a primary, stand-alone test due to its poor
sensitivity [3,4].

Clinical practice guidelines for C. difficile suggested a two-step
method that uses the EIA detection of glutamate dehydrogenase
(GDH) as an initial screening followed by a cell cytotoxicity assay
or toxigenic culture [3,4]. Anaerobic fecal culture is the most
sensitive test and is essential for epidemiological studies, but it is
not clinically practical because it does not provide timely results
and has not been standardized. In Japan, a cell cytotoxicity assay,
toxigenic culture, and PCR have not been introduced into routine
laboratory procedures, and thus C. difficile infection is diagnosed
mostly on the basis of EIA results and clinical symptoms.

There are now several FDA-approved assays of C. difficile
available in the United States [5-12]. The Verigene Clostridium

PLOS ONE | www.plosone.org

difficile Nucleic Acid Test (Verigene CDF Test) (Nanosphere,
Northbrook, IL, USA) is a new molecular, qualitative multiplexed
in vitro diagnostic sample-to-result test for the rapid detection of
toxin A (lcdA) and toxin B ({cdB) gene sequences of toxigenic C.
difficile from unformed (liquid or soft) fecal specimens collected
from patients with suspected C. difficile infection. The Verigene
CDF test also detects binary toxin gene sequences and the single
base pair deletion at the /cdC gene for a presumptive identification
of the epidemic C. difficile strain ribotype 027.

One recent study reported the comparative results regarding the
performance of the Verigene CDF test with a cell culture
cytotoxicity neutralization assay [12]. However, comparisons to
other testing methods, such as EIAs and anaerobic fecal cultures,
were not conducted, and PCR was performed only for the
detection of the strain ribotype 027. The clinical impact of the
Verigene CDF test was not analyzed. Here we evaluated the
performance of the Verigene CDF test in comparison to those
methods and its potential clinical impact, by conducting a
retrospective chart review.

Materials and Methods

Study design and data collection

From August to October 2013 and May to June 2014, fecal
samples were collected from patients with suspected C. difficile
infection at the National Center for Global Health and Medicine
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Table 1. Comparison of the results of an EIA and PCR following fecal culture for detecting C. difficile in fecal specimens.

EIA° 31 (13

GDH+ (toxin+)

69

Total

PCR following fecal culture®

28°
e

3(0

3

30 39

“The EIA detects C. difficile antigen (GDH) and C. difficile toxin (tcdA and/or tcdB).
b0f the 31 GDH-positive samples, 13 were toxin-positive in the EIA.

INumbers of samples negative with either fecal culture or PCR.

doi:10.1371/journal.pone.0106102.t001

(NCGM), which also serves as a tertiary hospital with 801
inpatient beds. When fecal samples were collected, all of them
were tested using the EIA assay “C. Diff Quik Chek Complete” kit
(TechLab, Blacksburg, VA), which detects C. difficile antigen
(GDH) and C. difficile toxins (fcdA and/or lcdB).

This study included all GDH-positive and four GDH-negative
samples from August 1st to October 22th 2013 (defined as the first
period), and all samples submitted from May 20th to June 5th
2014 (defined as the second period), without knowledge of the
patients’ clinical information. A total of 400 samples were
submitted during the first period. The samples analyzed during
the first period were 27 GDH-positive and four GDH-negative
samples, and the samples submitted and analyzed during the
second period were 38 samples. The EIA-results of the 38 samples
were four GDH-positive and 34 GDH-negative. The total of 69
samples were tested in the study. Of the 69 samples, 62 samples
were tested within 24 hours of sample collection, and the other
seven samples were tested within 4 days. All specimens were kept
at 4°GC until tested. A single fecal sample per patient was included
in the study.

All samples were cultured anaerobically on cycloserine-cefox-
itin-mannitol agar (Nissui Pharmaceutical Co., Tokyo, Japan) for
the isolation of C. difficile. Cycloserine-cefoxitin mannitol broth
with taurocholate lysozyme cysteine (CCMB-TAL broth, Anaer-
obe Systems, Morgan Hill, CA) for enrichment and cycloserine-
cefoxitin fructose agar with horse blood and taurocholate (CCFA-
HT, Anaerobe Systems) for subculture were also used during the
second period. If C. difficile was isolated, the presence of the lcdA,
lcdB and binary toxin gene was examined by PCR as described
[13,14]. PCR following the fecal culture mentioned above was
performed as a reference method. The laboratory staff performing
the Verigene CDF test were not aware of the results of the PCR
following the fecal culture at the time of testing. Information about
the administration of therapeutic antibiotics (i.e., metronidazole or
oral vancomycin), the use of contact precautions and previous
history of C. difficile infection was retrieved from patient records
after these assays were performed.

Verigene system

The Verigene system is a bench-top sample-to result platform
molecular diagnostics workstation consisting of two modules: the
Verigene Processor SP and the Verigene Reader. The user loads a
specimen into the Verigene Processor SP, and the Verigene
Processor SP automates the sample analysis steps including DNA
extraction, PCR-based amplification, and hybridization. After the
procedure, the result of the test is reported in the Verigene Reader.

PLOS ONE | www.plosone.org

According to the results of the EIA, the numbers of toxin-positive or -negative samples with PCR following fecal culture are shown.

Of the 31 GDH-positive samples, 28 were tcdA- and tcdB-positive with PCR following fecal culture.
fAll 13 samples that were GDH- and toxin-positive with EIA were tcdA- and tcdB-positive with PCR following fecal culture.

Statistical analysis

The sensitivity, specificity, and accuracy of the Verigene CDF
test were examined, and the 95% confidence intervals (Cls) of
them were calculated using R Software (http://www.r-project.
org/). We performed a post hoc analysis of our sample size and
calculated the kappa coeflicient between the Verigene CDF test
and the reference method, using modified R software programs

[15].

Ethical considerations

The study protocol was carefully reviewed and approved by the
NCGM Ethics Committee (No. 1425). Individual informed
consent was waived by the ethics committee because this study
used currently existing samples collected during the course of
routine medical care and did not pose any additional risks to the
patients.

The tests except EIA in the study including the Verigene CDF
test are not currently approved for standard clinical procedure by
Japanese government and not ethically permitted for clinical
diagnosis. Thus, we did not inform the clinicians of the results
obtained from the methods except EIA.

Results

Comparison of EIA and PCR following fecal culture

Of the 31 GDH-positive samples, 13 were shown to be toxin-
positive by the EIA. The PCR following fecal culture showed that,
of the 31 samples, 28 were both fcdA- and (cdB-positive (Table 1).
Of the 38 GDH-negative samples, there were two (cdA- and tcdB-
positive samples by PCR following fecal culture (Table 1). Finally,
of all the 69 samples, (cdA4- and lcdB-positive and tcdA- and lcd B-
negative C. difficile samples were 30 and 39, respectively
(Table 1). As expected, the PCR following fecal culture was more
sensitive than the EIA for detecting toxigenic C. difficile isolates.

Comparison of PCR following fecal culture and the
Verigene CDF test

Next, we compared the results of the Verigene CDF test with
those obtained with PCR following fecal culture (i.e., the reference
method). Of the 30 lcdA- and fcdB-positive samples, 29 were

. correctly detected with the Verigene CDF test and counted as true

positive. The remaining one sample was not detected with the
Verigene CDF test and counted as false negative. Similarly, Of the
39 lcdA- and lcdB-negative samples, 38 and one were recognized
as true negative and false positive with the Verigene CDF test,
respectively. The sensitivity, specificity, and accuracy of the
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Accuracy (95% CI%)

Specificity (95% CI)

Sensitivity (95% C19)

False Positive

True Positive False Negative True Negative

doi:10.1371/journal.pone.0106102.t002

“Cl: confidence interval.

Table 2. Performance Characteristics of the Verigene CDF test compared with the PCR following fecal culture.
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Verigene CDF test were 96.7% (29/30), 97.4% (38/39), and
97.1% (67/69), respectively (Table 2). A binary toxin-positive
sample was detected by the PCR following fecal culture but not by
the Verigene CDF test, and this result was counted as false
negative. A post hoc power analysis using our sample size showed
that the statistical power {1 - type II error rate) was high enough
(>80%) to generate 95% CI width of 10% for an expected
accuracy 97%. The kappa coefficient was calculated to assess the
diagnostic accuracy of the CDF test compared with the PCR
following fecal culture as the reference method. The score was
0.94, and this result indicated almost perfect agreement between
these two methods [16].

Evaluation of clinical utility

To evaluate the potential clinical significance of the Verigene
CDF test, we performed a retrospective chart review of the 69
patients whose samples were tested in the study. According to the
institution’s routine practices, the management of the 69 patients
was determined based on the results of EIA testing and the pretest
probability of C. difficile infection. According to the results of the
Verigene CDF test and PCR following fecal culture (Table 2), 30
of the 69 patients were infected with C. difficile harboring lcdA+
ledB+, and 39 patients were not. The chart reviews revealed that
contact precaution was used for 20 of the 30 infected patients and
for one of the 39 non-infected patients. Treatments for C. difficile
infection (metronidazole or oral vancomycin) were administered
for these 20 of the 30 infected and one of the 39 non-infected
patients. The former 20 patients included all 13 toxin-positive
patients by EIA shown in Table 1. The EIA-result of the latter one
patient was GDH-negative and toxin-negative. Of the 30 infected
patients, 10 seemed not to be recognized as having C. difficile
infection or being a carrier, while, of the 39 non-infected patients,
one seemed to be recognized as having C. difficile infection
(Table 3). None of the former 10 patients had been diagnosed
previously with a C. difficile infection. The 10 patients included
two who had been accommodated in a private room before the
EIA but were not started on contact precaution after the EIA.
Whereas, there are two patients whose samples were recognized as
false positive or negative with the Verigene CDF test. Both of them
received appropriate management independently of the false
results with the Verigene CDF test.

Discussion

In this study, we evaluated the performance of the Verigene
CDF test compared with other methods and we analyzed the
potential clinical impact of the test by chart reviews. As reported
[4], EIA was highly sensitive for detecting C. difficile antigen
(GDH), but insensitive for detecting C. difficile toxins.

The Verigene CDF test showed high sensitivity, specificity, and
accuracy, using the PCR following fecal culture as a reference
method. A recent study showed that the concordance rates
between the Verigene CDF test and a direct culture method or the
Verigene CDF test and an enriched culture method were 88.4%
and 92.3%, respectively [12]. The better performance of the
Verigene CDF test observed in our study may be due to
differences between the reference methods and/or the relatively
small number of patients in the study, though the range of 95% CI
in our accuracy data was less than 10% and contained the results
shown in the previous report. We are now planning a large-scale
prospective clinical evaluation of the Verigene CDF test.

Retrospective chart reviews revealed that 20 of the 30 infected
patients and one of the 39 non-infected patients did not receive
appropriate management. The exact reasons were unclear, but the
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Table 3. The number of case identified or not identified as C. difficile infection.

Idetntified as C. difficile infection

tcdA-, tcdB- 1

Not idetntified as C difficile infection Total

38 39

“The 20 cases included 10 cases that were toxin-positive by the EIA (Table 1).
doi:10.1371/journal.pone.0106102.t003

patient management may have been decided based on the results
of an EIA and individual situations. The management of patients
with suspected C. difficile infection depends mainly on the resuits
of an EIA and each physician’s judgment in a country like Japan,
where other testing methods are not available or are time-
consuming.

Because most of the GDH-positive patients in our study had
toxigenic C. difficile isolates, a GDH-positive but toxin-negative
patient should be followed up with additional testing for the
appropriate management of C. difficile infection, including
appropriate treatment and contact precaution. While C. difficile
infection can spontaneously resolve solely by discontinuing
antibiotics [17], this patient population may include asymptomatic
carriers. It is important that contact precaution is used for these
patients at the optimal timing, because they serve as a potential
reservoir for environmental contamination to other hospitalized
patients [18].

Several methods to recover C. difficile from stool samples was
evaluated to determine sensitive method [19]. During the second
period, we also used CCMB-TAL for enrichment and CCFA-HT
for subculture, which were more sensitive than CCMA in
recovering C. difficile from stool samples. Of all samples submitted
during the second period, one sample was isolated with only
CCMB-TAL and CCFA-HT, not with CCMA (data not shown).
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During the first period, three samples of five tcdA- and (cdB-
negative were culture-negative with CCMA, and we cannot deny
that some of them might have been culture-positive with CCMB-
TAL and CCFA-HT.

PCR following fecal culture as our reference method was time-
consuming and used mainly for confirmation of the diagnosis of C.
difficile, and thus it may be difficult to evaluate exactly the
potential clinical impact of the Verigene CDF test compared to
our reference method. However, the Verigene CDF test has some
strengths, such as its simple and quick procedures which do not
require trained laboratory personnel. This test could be an
appropriate alternative to PCR for detecting C. difficile, especially
in countries where PCR has not been introduced into routine
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