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Summary Fast and reliable isolation of Shiga toxin-producing Escherichia coli (STEC) remains a
challenge in routine diagnostics. The present study evaluated the performance of the
CHROMagar™ STEC medium by testing the growth capacity of 39 STEC strains from
human patients and of 35 non-target strains. The majority (83.3 %) of the 18 STEC
strains belonging to the top-five serogroups (026, 0103, 0111, 0145, O157) did
grow on and showed typical mauve colonies (exceptions were one 026 isolate and
two sorbitol-fermenting non-motile 0157 isolates). However, only five of the 21 STEC
strains not belonging to the top-five serogroups showed growth and typical colonies.
Of the 28 stx-negative E. coli strains (including 13 0157 isolates) and the seven non-
E. coli strains, 10 stx-negative/eae-positive E. coli strains of serogroups 02, 026,
0113, 0128, 0145 and O177 did grow and showed typical colonies. Thus, the
CHROMagar™ STEC medium can not be recommended as a primary STEC scree-
ning method in routine diagnostics. The CHROMagar™ STEC medium should
therefore only be used for specific questions or in routine STEC diagnostics in com-
bination with another method or medium.

Keywords: CHROMagar™ STEC, Shiga toxin-producing E. coli, serotypes, growth
capacity, colony morphology

Zusammenfassung Die schnelle und zuverldssige Isolierung von Shigatoxin-bildenden Escherichia coli
(STEC) stellt in der Routinediagnostik eine grosse Herausforderung dar. Die vorlie-
gende Arbeit untersuchte das Wachstum von 39 STEC-Stammen und 35 non-STEC-
Stdmmen auf dem CHROMagar™ STEC Medium. Die Mehrheit (83.3%) der 18
STEC-Stamme, die zu den Top-Funf STEC-Serogruppen (026, 0103, O111, 0145,
0157) gehorten, zeigte Wachstum typischer, violetter Kolonien (Ausnahmen waren
ein 026 Stamm und die zwei Sorbitol-fermentierenden O157:H- Stdmme). Bei den
Ubrigen 21 STEC-Stdmmen ergab sich ein anderes Bild: Nur bei finf lag Wachstum
typischer Kolonien vor. Von den non-STEC-Stdmmen (28 stx-negative E. coli-Stamme
und sieben nicht-E. coli-Stamme) zeigten 10 stx-negative/eae-positive E. coli-Stam-
me der Serogruppen 02, 026, 0113, 0128, 0145 und 0177 ebenfalls Wachstum
typischer Kolonien. Basierend auf diesen Ergebnissen kann das CHROMagar™ STEC
Medium nicht als primare STEC-Screening-Methode empfohlen werden. Dieses
Medium sollte daher nur im Rahmen spezifischer Fragestellungen oder in der Rou-
tinediagnostik in Kombination mit einer anderen Methode eingesetzt werden.

Schliisselworter: CHROMagar™ STEC, Shigatoxin-bildende E. coli, Serotypen,
Wachstum, Koloniemorphologie
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Introduction

Shiga toxin-producing Escherichia coli (STEC) are recog-
nized as a major source of food-borne diseases (EFSA/
ECDC, 2014). STEC can cause several human gastroin-
testinal illnesses, including non-bloody or bloody diarrhea
(Kaper et al., 2004; Karch et al., 2005). In a proportion of
patients, commonly children, conditions may be compli-
cated by neurologic and renal sequelae, including the life-
threatening hemolytic-uremic syndrome (HUS) (Tarr et
al., 2005). STEC are characterized by the production of one
or more Shiga toxins: Stx1, Stx2, and subtypes (Johannes
and Romer, 2010). STEC strains pathogenic for humans
tend to produce Stx2 and have other virulence traits such
as the adhesion factor intimin (eae) or E. coli enterohemo-
lysin (ehxA) (Friedrich et al., 2002; Brooks et al., 2005;
Orth et al., 2007b). Most outbreaks and sporadic cases of
bloody diarrhea and HUS in humans have been attributed
to STEC strains of serotype O157:H7, but the importance
of non-O157 STEC (e.g. O26:H11/H-, O91:H21/H-,
0103:H2, O111:H-, O113:H21, O121:H19, O128:H2/H", or
O145:H28/H") as causes of HUS, bloody diarrhea, and
other intestinal illnesses is increasingly recognized (John-
son et al., 2006; Bettelheim, 2007; EFSA/ECDC, 2014).
Different isolation procedures have been proposed for
STEC, but fast and reliable strain isolation, which is a
prerequisite to assess the pathogenic traits, remains a
challenge in routine diagnostics. Culture-based methods
(e. g. sorbitol-MacConkey agar) are cost-effective options
for STEC screening, but drawbacks such as false-negative
results due to emerging serotypes of non-O157 STEC and
sorbitol-fermenting O157:H- STEC limit the utility. The
recently launched CHROMagar™ STEC medium
(CHROMagar Microbiology, Paris, France) thereby might
be a promising option for STEC screening under certain
conditions (Hirvonen et al., 2012; Tzschoppe et al., 2012;
Gouali et al., 2013; Wylie et al., 2013). Using this medium,
STEC strains are expected to produce mauve colonies,
which are either fluorescent (non-O157) or non-fluorescent
(O157) under UV light. Growth on the CHROMagar™
STEC medium is associated with resistance to tellurite
encoded by genes of the fer cluster (Hirvonen et al., 2012;
Tzschoppe et al., 2012). Resistance to tellurite is common
in STEC strains associated with (severe) human disease,
but it is not as frequently found in other STEC isolates
(Orth et al., 2007a; Tzschoppe et al., 2012). The aim of the
present study was to evaluate the performance of the
CHROMagar™ STEC medium by testing the growth
capacity and the colony morphology of 74 target (STEC of
various serotypes) and non-target bacterial strains.

Materials and methods

Bacterial strains used in this study comprised 39 STEC
strains of various serotypes and 35 non-target strains in-
cluding stx-negative E. coli isolates and non-E. coli isolates.
The 39 STEC strains were isolated in the Swiss National
Reference Center for Enteropathogenic Bacteria (NENT)
from fecal samples of human patients with reasonable cli-
nical suspicion of infection with STEC (Képpeli et al.,
2011a/b). Characteristics of these strains and associated
clinical symptoms are shown in Table 1. The 35 non-target
strains were obtained from the collection of the Institute for
Food Safety and Hygiene (Vetsuisse Faculty University of

Zurich). Characteristics of the 28 non-target E. coli strains
are shown in Table 2. The stx-negative/eae-positive E. coli
strains mainly originated from fecal samples of healthy catt-
le at slaughter. The 13 stx-negative E. coli O157 strains (in-
cluding two eae-positive isolates) originated from fecal
samples of healthy cattle, sheep and pig at slaughter. The
seven non-E. coli strains comprised isolates of the genus
Citrobacter, Klebsiella, Salmonella and Yersinia (Table 3).
All bacterial strains were cultured from deep-frozen stok-
ks (=80 °C) on sheep blood agar (Difco Columbia Blood
Agar Base EH; Becton Dickinson AG, Allschwil, Switzer-
land; 5 % sheep blood SB055; Oxoid AG, Pratteln, Switzer-
land) for 24 h at 37 °C. One colony from each sheep blood
agar plate was then streaked onto the CHROMagar™ STEC
medium (CHROMagar Microbiology, Paris, France). After
incubation for 24 h at 37 °C, the growth capacity and the phe-
notypic colony morphology (color formation) was evaluated.

Results and Discussion

Eighteen of the 39 STEC strains from human patients be-
longed to the top-five serogroups (five O26 strains, three
0103 strains, one O111 strain, four O145 strains, five O157
strains). The majority (83.3% ) of these 18 STEC strains did
grow on the CHROMagar™ STEC medium and showed
typical mauve colonies (Table 1). Growth was thereby
observed for the 0103, O111 and O145 STEC strains,
whereas the O26:H34 strain and, as expected, the two
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sorbitol-fermenting, non-motile O157 strains could not
grow. In other studies, growth on the CHROMagar™
STEC medium was closely associated with STEC strains
belonging to serotypes of major importance in human
disease (Hirvonen et al., 2012; Tzschoppe et al., 2012;
Gouali et al., 2013; Wylie et al., 2013; Gill et al., 2014), but

it must be considered that a certain proportion of them also
failed to grow. Inconsistent results were thereby obtained
in particular for STEC of serotype O103:H2 (Hirvonen et
al., 2012; Tzschoppe et al., 2012; Gill et al., 2014).

Of the remaining 21 STEC strains (non-top-five
serogroups) from human patients, only five strains of

TABLE 1: Characteristics of the 39 STEC strains isolated from human patients and their growth properties on CHROMa-

gar™ STEC".

Serotype Strain ID Growth on CHROMagar™ Sorbitol  stx1 stx2 eae ehxA Disease
STEC (color of colonies)

08H16 645-01 No growth SF + + - + BD
020:H30 1402-02 No growth Sk + - - - HUS
026:[H11] 1972-08 +(mauve) F + + + + A, D, HUS
026:H11 3528-00 +(mauve) SF - + + + HUS
026:H11 1183-02 +(mauve) SF + + + + D, HUS
026:H11 1614-08 +(mauve) S - + + + BD, HUS
026:H34 1973-08 No growth F - + + - D, HUS
055:H7 1976-08 No growth NSF + - + - A, D, HUS
082:H8 232908 No growth SF + + - + A, BD, HUS
091:H10 146303 No growth SF - + - - BD, HUS
098[H21] 878-03 +(mauve) SF + - + + BD
0103:[H2] 756-07 +(mauve) SF + - + + BD
0103:H2 14771-07 +(mauve) SF + - + + D
0103:H2 2249-08 +(mauve) S + - + + BD
0105H18 1805-06 No growth NSF + + - + 8D
0111:[H8] 1086-00 +(mauve) SF + - + + BD
0113H4 968-03 No growth SF + + - + BD
O17H7 117-00 No growth NSF + - - - BD
0121:H19 1850-04 +(mauve) SF - + + + HUS
0123H2 13003 +(mauve) SF + - + + BD
0145:H25 995-07 +(mauve) S - + + + A, D, HUS
0145:[H25] 1550-08 +(mauve) F - + + + A, HUS
0145:[H28] 383-04 +(mauve) SF - + + + BD
0145:[H28] 1094-07 +(mauve) S - + + + A BD
0148H8 128-03 No growth SF - + - - A, HUS
0153(H4] 1146-05 No growth SF + - - + HUS
0157:H7 154-00 +(mauve) NSF - + + + ND
0157:H7 1527-00 +(mauve) NSF - + + + HUS
0157:H7 2965-00 +(mauve) NSF - + + + BD
0157:H7] 002-04 No growth SF - + + + BD
0157:H7] 774-04 No growth SF - + + + D, HUS
0167:H32 1933-06 No growth SF + - - - BD
0174H2 153301 +(mauve) S + + - + BD
0177:H25] 908-02 + (hite) NSF - + + + BD
0181:H49 1237-04 No growth SF + + - + HUS
OrH7 012-06 No growth NSF + - - - BD
Or[H25] 2841-01 No growth NSF - + + + HUS
OrH31 132502 No growth SF - + - - BD
OrH- 1677-05 +(mauve) SF + - + + BD

& STEC, Shiga toxin-producing Escherichia coli; SF, sorbitol-fermenting; NSF, non-sorbitol-fermenting stx, Shiga toxin gene; eae, intimin gene; ehxA, enterohemolysin gene; Serotypes in bold indicate STEC belonging to the top-five serogroups (026, 0103,
0111, 0145, 0157); Or, O rough; +, positive; -, negative; [ ], non-motile strains investigated with respect to their flagellar genotypes by PCR; A, anemia; BD, bloody diarrhea; D, non-bloody diarrhea; HUS, hemolytic-uremic syndrome; ND, no data.
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TABLE 2: Characteristics of the 28 non-target E. coli strains and their growth pro-
perties on CHROMagar™ STEC".

rison with surveys applying other methods
are questionable.
The 35 non-target strains investigated in

Organism Strain ID Growth on CHROMagar™ stx eae Origin X ;
STEC (color of colonies) the present study included 28 stx-negative E.
0 ‘ coli strains (Table 2). The majority of the stx-
E o 02445 42861 +(mauve) - * Catt negative/eae-positive E. coli strains could
£ coli 026 36 + (mauve) - + Cattle grow on the CHROMagar™ STEC medium
£ ol 026 5 +(mauve) _ + Cattle and showed typical mauve colonies. The 10
F 0l 0% Y + (e 3 N Cattl stx-negatlve/ege-p051tlve E. coli strains with
growth capacity belonged to the serogroups
E. coli 026 o +(mauve) - + Gite 02, 026, O113, 0128, O145 and O177.
E ol 026 3733 +(mauve) - + Cattle Growth of various stx-negative/eae-positive
7 1 T™

Ecoli0103H2 42154 No growth - + Cattle E a.)ll strains on the CHROMagar STEC
medium has also been reported by Gouali et
Eoi0103H  BI15-11 No growth - + Human al. (2013). Thereby, it must be considered
E coli 0103:H8 4075/1 No growth - + Cattle that such E. coli strains, in particular E. coli
E i OM1HS 112010 No growth _ ; Human 026 and O157 isolates (Bielaszewska et al.,
2007; Mellmann et al., 2008), can undergo
E oli0113H6 38302 + (mauve) - * Cattl ephemeral interconversions via loss and gain
E ol 0121H45 221110 No growth - + Human of Stx-encoding phages. On the other hand,
E ol 0128H2 3970/4 + (mauve) _ + Cattle the CHROMagarTM STEC medium inhibited
successfully the growth of stx-negative/eae-
EofO15H8 111940 +(mauve) - v M ositive E. coli 0103, 0111 and O121 strains
E o OT7TTHIT 42891 + (mauve) - + Cattle and of all stx-negative E. coli O157 strains.
Similarly, none of the investigated non-E.
B B coli strains (Citrobacter, Klebsiella pneumo-
E i 015742 77 No growth Catle nia, Salmonella, Yersinia enterocolitica) sho-
E coli 0157:H7 2905 No growth - - Cattle wed growth on the CHROMagar™ STEC
EcoliO157H7 3% No growth - - Sheep medium (Table 3). Various non-E. coli
10157 H8 999 N h _ ~ " strains have been tested for their growth on
E @i ogont Cette the CHROMagar™ STEC medium in other
El0157H12 264 No growh - - Sheep studies, but these strains could not grow or
E ol O157H18 332 No growth - - Pig colonies were not mauve (Hirvonen et al.,

Ecol OISTHI 2929 No growth - - Gate 2012 Teramura etal, 2013). .
In conclusion, most of the STEC strains
EO157HD 419 No growth - - Catt belonging to the top-five serogroups (026,
E coli O157:H45 584 No growth - + Pig 0103, O111, 0145, 0157) did grow on the
Ei0157HT 877 No growth - - Cattle CHR?MagafTM 1STEC gedium ade showed
typical mauve colonies. However, the majori-
EiQI57H38 %61 No growth _ - Catte ty of STEC strains not belonging to the top-
E o 0157HA3 740 No growth - - Cattl five serogroups could not grow, whereas a va-
EoliO157HAS 922 No growth - + Cattle riety of stx-negative/eae-positive E. coli

strains had the capacity to grow on this
medium. Thus, CHROMagar™ STEC me-
dium can not be recommended as primary

& stx, Shiga toxin gene; eae, intimin gene; +, positive; -, negative.
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serogroups 098, 0121, 0123, O174 and O rough did grow
on the CHROMagar™ STEC medium and showed typical
mauve colonies (Table 1). The O177 strain also showed
growth, but colonies were of white color. Thus, the majority
(76.2 %) of these 21 STEC strains belonging to a variety of
serogroups could not grow on the CHROMagar™ STEC
medium (including e. g. O55, 091 or O113 isolates). Non-
growth of such STEC strains is common (Hirvonen et al.,
2012; Tzschoppe et al., 2012; Gill et al., 2014) and seems not
to be serotype-specific (Wylie et al., 2013). It must be em-
phasized that the STEC strains included in the present
study were mainly isolated from human patients suffering
from severe disease conditions (Table 1) and also certain
STEC strains not-belonging to the top-five serogroups (e.g.
091, 0113, O121 or 128 isolates) might play an important
role as a cause of human disease in certain geographical re-
gions (Beutin et al., 2004; Brooks et al., 2005; Bettelheim,
2007). Moreover, the use of CHROMagar™ STEC as the
only medium for STEC screening or prevalence studies will
result in the selection of certain STEC strains and compa-

STEC screening method in routine diagnostics. This medium
should therefore only be used for specific questions (e. g. the
isolation of STEC strains belonging to the top-five sero-
groups) or in routine STEC diagnostics in combination with
another method or medium.

TABLE 3: Growth of selected non-E. coli strains on the
CHROMagar™ STEC medium (n =7).

Organism Strain ID Growth on CHROMagar™
STEC (color of colonies)
Citrobacter (7 No growth
(itrobacter 1102 No growth
Klebsiella pneumoniae 220K No growth
Salmonella 193513 No growth
Salmonella 1938-13 No growth
Yersinia enterocolitica 1565-13 No growth
Yersinia enterocolltica 1566-13 No growth
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