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Short Communication

Bloodstream Infection Due to CTX-M-15 and TEM-1 Extended-Spectrum 
β-Lactamase-Producing Salmonella enterica serovar Virchow ST16
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Most nontyphoidal Salmonella (NTS) infections lead 
to self-limiting enterocolitis and do not require anti-
microbial treatment (1). However, complications such 
as bloodstream infection are common in immunocom-
promised patients, infants, and the elderly (1). In these 
situations, fluoroquinolones and expanded-spectrum 
cephalosporins (ESCs) are the antibiotics of choice 
(2). However, resistance to fluoroquinolones and ESCs 
among NTS strains has been increasingly reported 
worldwide (2). Kim et al. commented that the rates of 
the ESC-resistant Salmonella enterica serovar Virchow 
in human stool specimens in Korea have risen notice-
ably, from 21.4% in 2011 to 82.3% in 2014 (3). 

A 57-year-old man was admitted to our emergency 
room with fever and diarrhea. On physical examination, 
abdominal tenderness was observed in the right lower 
quadrant area. Other vital signs were normal except for 
a body temperature of 38.3°C. The patient had no un-
derlying comorbidities. On the day before symptom de-
velopment, the patient and 2 companions ate pupa food 
broiled with soy. The companions also presented with 
gastrointestinal symptoms but those resolved sponta-
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neously within 1 to 2 days, whereas the symptoms in the 
patient seen in the emergency room had worsened. On 
laboratory testing, complete blood count was within nor-
mal range as were other chemical profiles except for the 
following: blood urea nitrogen, 56 mg/dL; creatinine, 
4.11 mg/dL; albumin, 3.4 g/dL; and C-reactive protein, 
158.77 mg/L. A methylene blue stain of the stool sample 
showed polymorphonuclear leukocytes, but the stool 
culture was negative.

Intravenous ciprofloxacin was empirically adminis-
tered. A peripheral blood culture performed on admis-
sion day showed the presence of a Group C NTS isolate. 
The results of antimicrobial susceptibility testing of the 
present isolate (B14-9257) are given in Table 1. Con-

SUMMARY: A 57-year-old man presented with high fever and diarrhea. A blood culture revealed the 
presence of a Group C nontyphoidal Salmonella (NTS) isolate. On Salmonella serotyping, the isolate 
was identified as Salmonella enterica serovar Virchow. Its sequence type was determined to be ST16 by 
sequence analysis of 7 different housekeeping genes. The blaCTX-M group 1 and blaTEM genes were ampli-
fied using multiplex PCR assay for detecting extended-spectrum β-lactamases (ESBL) genes. Sequences 
of both amplicons were respectively identical to CTX-M-15- and TEM-1-encoding genes. Since NTS is 
a cause of foodborne illness outbreaks in communities and an important cause of community-acquired 
bloodstream infection, clinicians should consider ESBL- or AmpC-producing NTS species in the differ-
ential diagnosis. 

Table 1. Antibiotic susceptibilities of Salmonella enterica serovar 
Virchow B14 -9257, its transconjugant B14-9257 TC, and recipient 
strain Escherichia coli J53

Antimicrobial agent
MIC (μg/mL)

B14-9257 B14-9257 TC E. coli J53

Amikacin ≤ 4 ≤ 4 ≤ 4

Gentamicin ≤ 1 ≤ 1 ≤ 1

Ampicillin ≥ 128  ≥ 128 4

Cephalothin ≥ 128  ≥ 128 4

Cefoxitin ≤ 1 ≤ 1 ≤ 1

Cefotaxime ≥ 8 ≥ 8 ≤ 1

Ceftriaxone ≥ 64 ≥ 64 ≤ 1

Imipenem ≤ 2 ≤ 2 ≤ 2

Nalidixic acid ≥ 256 ≥ 256 4

Ciprofloxacin 1 0.25 ≤ 0.12

Tetracycline 128 128 ≤ 2

Trimethoprime/
sulfamethoxazole ≤ 1/19 ≤ 1/19 ≤ 1/19
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sidering the result of antimicrobial susceptibility testing 
had shown resistance to nalidixic acid and ESCs as well 
as the persistent fever in the patient, the antimicrobial 
agent was changed to intravenous meropenem (2.0 g 
every 8 h). Meropenem treatment was maintained for 3 
weeks. His clinical course improved, and the patient was 
discharged. Two weeks after discharge, the patient was 
stable and symptom free.

 The isolate was classified as Salmonella enterica 
serovar Virchow, according to the Kauffmann–White 
scheme. Its sequence type (ST) was determined to be 
ST16 by sequence analysis of 7 different housekeep-
ing genes (aroC, dnaN, hemD, hisD, purE, sucA, and 
thrA) (4). Salmonella enterica serovar Virchow strains 
belong to the eBurst Group BG9, and the majority of 
BG9 strains are classified as ST16 in the multilocus 
sequence typing database (5). The blaCTX-M group 1 and 
blaTEM genes were amplified using multiplex PCR assays 
for detecting extended-spectrum β-lactamases (ESBL) 
genes (6). Sequences of both amplicons were respective-
ly identical to CTX-M-15- and TEM-1-encoding genes 
based on BLAST searches. However, the AmpC β-lac-
tamase-encoding genes were not detected via PCR as-
says. ESBL-producing genes were transferred by conju-
gation from Salmonella enterica serovar Virchow to the 
azide-resistant E. coli J53 strain as the recipient. In ad-
dition, a 9.4- to 23.1-kb plasmid and its transconjugants 
(B14-9257 TC) was identified in the present isolate (Fig. 
1). 

NTS is a major cause of community-acquired blood-
stream infection (7). Bacteremia develops in about 5% 
of patients with gastrointestinal illness caused by NTS 
(1,7). Bloodstream infection is a serious complication 
of salmonellosis resulting in sepsis, endarteritis, menin-
gitis, septic arthritis, osteomyelitis, and death (1). In the 
case of invasive infections such as bacteremia by ES-
BL-producing NTS, clinicians may select inappropriate 
empirical antibiotics. The case-fatality rate of NTS bac-
teremia is greater than 20% and a dely in effective treat-
ment of ESBL-producing bacteremia is associated with 

increased mortality (8,9). The initial empirical antibiotic 
prescribed in our case was inapproate.

NTS resistant to ESCs that produce ESBL or AmpC 
enzymes have been recognized since the late 1980s 
and have been reported worldwide (2). However, the 
prevalence of ESC-resistant Salmonella species from 
human specimens appears to be low: 1.6% in Belgium, 
0.55% in England and Wales, and 0–7% in Southeast 
Asia (10,11). With the prevalence of ESBL-producing 
Salmonella enterica serovar Virchow markedly increas-
ing in Korea since 2011, invasive Salmonella enterica 
serovar Virchow infections such as this bacteremia case 
may occur more frequently (3). Considering that NTS is 
a cause of foodborne illness outbreaks in communities 
and an important cause of community-acquired blood-
stream infection, public health surveillance for ESBL- 
or AmpC-producing NTS species will continue to be 
needed (7,9).
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J53 (recipient strain), Lane 3, Salmonella Virchow (the 
present isolate as donor strain), Lane 4, Transconjugant of 
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Virchow isolate).
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