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Dear Sir,

Carbapenems are one of the most critically important antimicro-
bials and are considered as last-choice drugs in clinical settings.
However, the emergence and dissemination of Enterobacteria-
ceae carrying acquired metallo-B-lactamases (MBLs) is being
increasingly reported throughout the world, presenting a serious
threat to the effectiveness of carbapenem treatment [1]. Ac-
quired MBLs, such as VIM, IMP, and NDM, are associated with
different mobile elements, and the genes for VIM-type enzymes
are carried as mobile gene cassettes inserted in class 1 inte-
grons. In Citrobacter freundii, MBL-mediated resistance is rare
and only scattered studies have reported the isolation of a few
MBL-producing strains, particularly in the Far East [2]. To our
knowledge, there is no report of VIM-producing C. freundii in
China. In this study, we describe the first identification of the
blavm4 gene in a clinical C. freundii strain isolated from a patient
in a hospital in Wuhu, China.

The multidrug-resistant C. freundii CF0638 isolate was recov-
ered from the sputum of a 66-year-old man presenting with dia-
betic foot to a hospital in Wuhu, China, in September 2011. Dur-
ing the period of hospitalization, symptoms of lower respiratory
tract infection emerged and this patient received treatment with
cefotaxime and ciprofloxacin for 7 days. The effect of the treat-
ment was not satisfactory. The patient continued to be febrile
until he was treated with imipenem-cilastatin (3 g/day). Imipe-
nem-cilastatin treatment was continued for a 2-week course,
and the symptoms gradually disappeared during the patient’s
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hospital stay.

Susceptibility testing was performed by an agar dilution
method according to the CLSI guidelines (2012) [3]. C. freundii
CF0638 exhibited high-level resistance to most B-lactam antibi-
otics tested. The minimum inhibitory concentrations (MICs) of
imipenem and meropenem were 4 mg/L and 1 mg/L, respec-
tively (Table 1). Positive results of the modified Hodge test with
meropenem disc and double-disc synergy test between carbap-
enems and EDTA indicated the production of an MBL. CF0638
was subjected to PCR analysis using the respective primer pairs
and amplifying conditions for blame and blavw, as described
previously [4], and followed by DNA sequencing. Nucleotide se-
quence analysis and homology searches were carried out using
the BLAST database (http://www.ncbi.nlm.nih.gov). To deter-
mine whether the imipenem resistance was transferable, conju-
gation experiments were carried out in Luria-Bertani (LB) broth
with sodium azide-resistant Escherichia coli J53 as the recipi-
ent. Transconjugants were selected on LB agar plates supple-
mented with sodium azide (100 mg/L) and cefotaxime (4 mg/L).

PCR amplification and nucleotide sequence analysis showed
that CF0638 harbored blavima. Conjugation experiments showed
that imipenem resistance was successfully transferred to the re-
cipient E. coli J53. PCR analysis of the transconjugant strain
was positive for the blavms gene. Susceptibility test results of C.
freundii CF0638 and its transconjugant are presented in Table 1.

C. freundii has been recognized as an opportunistic pathogen
that is rarely involved in nosocomial infections. In neonates and
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Table 1. MIC for VIM-4 metallo-B-lactamase-producing Citrobacter freundii CFO638 and its transconjugant
Strain ALONIER
PIP CTX CAZ FEP FOX ATM IMP MEM CIP LVX GAT GM AMK
CF0638 512 128 64 8 >25  >256 4 1 >32 32 16 >256 >1,024
Transconjugant of CF0638 256 128 32 4 64 128 2 0.5 2 1 1 128 512
E. coli )53 <05 <05 <05 <025 <05 <05 <025 <025 <006 <0125 <0.125 <0.25 <0.25

Abbreviations: MIC, minimum inhibitory concentration; PIP, piperacillin; CTX, cefotaxime; CAZ, ceftazidime; FEP, cefepime; FOX, cefoxitin; ATM, aztreonam;
IMP, imipenem; MEM, meropenem; CIP, ciprofloxacin; LVX, levofloxacin; GAT, gatifloxacin; GM, gentamicin; AMK, amikacin.

immunocompromised patients, however, invasive infections such
as bacteremia, meningitis, brain abscesses, pneumonia, endo-
carditis, and intra-abdominal sepsis have also been reported [5].
VIM-4 is a single amino-acid variant of VIM-1 B-lactamase. VIM-4
was first described in Pseudomonas aeruginosa in Greece [6],
but was subsequently identified as the most common integron-
encoded MBL in Enterobacteriaceae species in several Euro-
pean countries. C. freundii isolates are usually susceptible to
carbapenems and only a limited number of carbapenem-resis-
tant strains have been identified. Prompt and accurate detection
of MBL-producing C. freundii strains is necessary to prevent the
dissemination of resistance vectors to more virulent pathogens.

Authors’ Disclosures of Potential Conflicts of
Interest

No potential conflicts of interest relevant to this article were re-
ported.

http://dx.doi.org/10.3343/alm.2013.33.1.84

REFERENCES

1. Cornaglia G, Giamarellou H, Rossolini GM. Metallo-B-lactamases: a last
frontier for B-lactams? Lancet Infect Dis 2011;11:381-93.

2. Queenan AM and Bush K. Carbapenemases: the versatile -lactamases.
Clin Microbiol Rev 2007;20:440-58.

3. Clinical and Laboratory Standards Institute. Performance standards for
antimicrobial susceptibility testing. Twenty-Second Informational sup-
plement, M100-S22, Wayne, PA: Clinical and Laboratory Standards In-
stitute, 2012.

4. Yan JJ, Hsueh PR, Ko WC, Luh KT, Tsai SH, Wu HM, et al. Metallo-B-
lactamases in clinical Pseudomonas isolates in Taiwan and identifica-
tion of VIM-3, a novel variant of the VIM-2 enzyme. Antimicrob Agents
Chemother 2001;45:2224-8.

5. Doran TI. The role of Citrobacter in clinical disease of children: review.
Clin Infect Dis 1999;28:384-94.

6. Pournaras S, Tsakris A, Maniati M, Tzouvelekis LS, Maniatis AN. Novel
variant (bla(VIM-4)) of the metallo-p-lactamase gene bla(VIM-1) in a
clinical strain of Pseudomonas aeruginosa. Antimicrob Agents Chemoth-
er 2002;46:4026-8.

www.annlabmed.org 85



