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Abstract
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Determination of enterotoxin production, diarrhoeal and emetic gene identification was studied in
41 Bacillus cereus strains isolated from raw cows’ and raw goats’ milk, pasteurized milk, dairy products
during technological processing and from dairy plant equipment. Presence of enterotoxins was de-
tected by BCET-RPLA (HBL) and ELISA immunoassay (NHE). Gene identification (nheA, nheB, nheC,
hblA, hbIC, hblD, beeT, cytK-1, cytK-2, entFM and ces) was achieved by means of PCR. Enterotoxin HBL
was detected in 32 strains, enterotoxin NHE in all 41 strains. Presence of all three genes nheA, nheB
and nheC was confirmed in 40 strains and genes hblA, hblC and hblD in 29 strains. Comparison of used
methods was as follow: 1) BCET-RPLA (which detects L2 component) and PCR (positive or negative
all three hblA, hblC and hblD gene detection) were identical in 30 (73%); 2) ELISA (NheA) and PCR (all

three nheC, nheB and nheA gene expression) were identical in 40 (98%) cases isolated strains.

milk, Bacillus cereus, genes, enterotoxins, PCR, BCET-RPLA, ELISA assay

Spore-forming microorganisms are a serious
problem in contamination both of raw milk or dairy
products. Their ability to survive pasteurization
temperatures or ultrahigh-temperature treatment
(UHT) facilitates their infiltration into the food-
chain, resulting in the potential incidence of alimen-
tary disorders. Bacillus cereus is the primary cause of
alimentary intoxication due to dairy product con-
sumption in both the Czech Republic and other
countries (Vyletélova et al., 2001, 2002; Pacova et al.,
2003; Stenfors et al., 2008; Bartoszewicz, 2008).

Alimentary intoxications by Bacillus cereus en-
terotoxins in food are divided into diarrhoeal and
emetic poisoning, according to toxin type. The di-
arrhoeal type enterotoxin is formed by heat-labile
proteins which can be inactivated by heat treatment
at 56 °C for 5-30 min (Murray et al., 1999). Bacillus ce-
reus produces the following different diarrhoeal en-
terotoxins: protein complex (haemolytic HBL and
non-haemolytic NHE enterotoxins), enterotoxic
proteins (enterotoxin T), cytotoxin K and entero-
toxin FM (Yang et al., 2005; Lindback et al., 2004). Ser-

geev et al. (2000) classified enterotoxin FM as a hae-
molytic enterotoxin and as cytotoxin.

HBL toxins are formed from three proteins: two
lytic components (L2 and L1) and a binding compo-
nent B. These are encoded by genes hblC, hblD and
hblA (Beecher et al., 1995). All three components are
required for toxic activity (Yang et al., 2005). NHE
consists of three proteins: NheA, NheB and NheC
which are encoded by genes nheA, nheB and nheC, re-
spectively. All three components are also needed for
maximum cytotoxic activity (Lindbdck et al., 2004;
Yang et al., 2005). The nucleotide sequence denoted
beeT has been reported to encode a single compo-
nent toxin T (BceT, 41-kDa protein) which exhibits
Vero cell cytotoxicity and has also been attributed
to having a role in the diarrheal syndrome (Agata
et al., 1995a). An additional study has indicated that
the BeeT enterotoxin was most likely an experimen-
tal artifact that probably could not contribute to
food poisoning (Choma and Granum, 2002). CytK
toxin is a pore-forming cytotoxin linked to human
necrotic enteritis cases (Hardy et al., 2001). Lund et al.
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(2000) isolated CytK from Bacillus cereus strains that
caused a severe food poisoning outbreak of enteritis
which killed three people and they found a highly
cytotoxic, necrotic and haemolytic protein of 34kDa.
CytK forms two variants: CytK-1 and Cyt K-2 which
are encoded by cytK-1 and c¢ytK-2 genes, respectively
(Fagerlund et al. 2004). CytK-2 is highly toxic to hu-
man intestinal cells but not as toxic as CytK-1 (Fager-
lund et al., 2004; Guinebretiere et al., 2006). Entero-
toxic protein FM (entFM) is a relatively unknown
haemolytic enterotoxin that is encoded by the entFM
gene (Asano etal., 1997).

In contrast to the diarrhoeal type, the emetic toxin
(cereulide) is a small, heat-stable cyclic dodecadepsi-
peptide (Agata et al., 1995b) which can survive a tem-
perature of 120°C for 90 min (Lund, 1990). This en-
terotoxin is synthesized by a non-ribosomal peptide
synthetase, encoded by the ces gene (Ehling-Schulz
et al., 2004). The primary symptom of emetic toxin is
vomiting but in animal models it can cause cellular
damage (Shinagawa et al., 1995) and rarely liver fai-
lure in humans (Mahler et al., 1997).

Detection methods for the diarrhoeal toxin are
well-known and commercially available. They in-
clude BCET-RPLA test which is specific to the L2
component, and ELISA-(BDE VIA) test which de-
tects mainly the NheA protein (45-kDa) — (Granum
and Lund, 1997). The emetic enterotoxins can be de-
tected by bioassay test, based on loss of sperm mo-
tility (Andersson et al., 1998; Svensson et al., 2006) or
HPLC-MS chemical assay (Higgblom et al., 2002).

HBL and NHE enterotoxins, in order to be active,
need all three of their components (L1, L2, B and
NheA, NheB, NheC, respectively). However, me-
thods used in practice can detect only one of three
enterotoxin components (BCET-RPLA - L2; ELISA
BDE - NheA). The results of these methods give us
information about possible entorotoxin presence
but not whether the toxin is active or not. PCR me-
thods used in this study are able to detect all genes
involved but also not their activity.

This study is thus focused on comparison of
the BCET-RPLA and ELISA BDE immunoassays
with PCR results for genes (hblC, hblD, hblA and nheA,
nheB, nheC) identification which encode three en-
terotoxin components. The aim of this study was
to find out, if the commonly used methods (BCET-
RPLA, ELISA BDE) are sufficient enough to deter-
mine presence and activity of enterotoxins or using
some additional methods (as PCR) is necessary.

MATERIALAND METHODS

Bacillus cereus origin and cultivation

Bacillus cereus strains were isolated from raw cows’
and raw goats’ milk, pasteurized milk, dairy pro-
ducts during technological processing and from
dairy industry equipment (Table I). Samples 1-29
were derived from different samples, whereas sam-
ples 30-41 were isolated from one raw cows’ milk
sample. Bacillus strains were isolated on modified

MYP Agar supplemented with egg yolk emulsion
and Polymyxin B sulphate (HiMedia, Mumbai, In-
dia) and cultured at 30 + 1 °C for 48 hours (CSN EN
ISO 7932, 2005). Species identification was provided
according to biochemical and physiological cha-
racteristics and phenotypic tests (Vyletélova et al,,
2001).

Enterotoxin detection

Enterotoxins were detected using two immu-
noassay kits: HBL enterotoxins using commercial
kits BCET-RPLA (B. cereus Enterotoxin Reverse Pas-
sive Latex Agglutination - Oxoid, Denka SEIKEN
Ltd., Japan) and NHE using the ELISA test (BDE-
VIA - Buacillus Diarrhoeal Enterotoxin Visual Immu-
noassay) from Tecra International Pty, Ltd., Frenchs
Forest, Australia. Both kits were used according to
the manufacturer’s instructions.

DNA isolation

Colonies obtained from the blood-agar plates, in-
cubated at 37 °C for 24 h, was picked and transferred
to the tubes containing 500 pL water for resuspen-
sion and centrifuged at 10000g for 5 min. Superna-
tant was discarded, the pellet resuspended in 1ml
of washing solution (10mM Tris-HCI, pH 7.8, Serva,
Heidelberg, Germany; 5mM EDTA, pH 8.0, Du-
chefa, Haarlem, The Netherlands), stirred and spin
at 10000g/5 min. To the sediment 500pL of lysis
buffer (10mM Tris-HCI, pH 7.8, Serva; 5SmM EDTA,
pH 8.0, Duchefa; 3mg/ml lyzozyme, Serva) was
added, resuspended properly and incubated at 37°C
for 1 hour. Than 12.5uL of 20% SDS (Promega, Mad-
ison, USA) and 15 pL proteinase K (Machery-Nagel,
Diren, Germany) was added, mixed and incubated
over night at 55°C.

The next day equal volume of water saturated,
Tris-buffered phenol (Serva) was added, mixed gen-
tly and spin at 15000g/3 min. The water phase was
transferred into the clean eppendorf tubes, than
700pL of chloroform: isoamyl alcohol 24:1 (Am-
resco, Solon, USA) was added, mixed again and
centrifuged at 15000g/3 min. The water phase was
transferred into the clean eppendorf tubes, 1/10 vo-
lume of 3 M sodium acetate and 1 ml of ethanol were
added for precipitation of DNA at -20°C, then ro-
tated at 15000g for 15 min. The supernatant was de-
canted. After evaporation of ethanol from the sedi-
ment the DNA was dissolved in TE buffer.

Primer sequences and multiplex PCR

Amplification was completed using a Tpersonal
Combi 48/18 thermal cycler (Whatman Biometra,
Baltimore, USA) with a reaction volume of 50pl
The PCR reaction mixture contained 2.5pl buffer,
2.5pl MgCl, (25mM); 2l dNTPs (10mM, Top-Bio,
CR); 1pl forward primer and 1pl reverse primer;
2pl Taq 1.1 polymerase enzyme (Top-Bio, CR) and
381l PCR water. 1l of sample DNA as template was
added to the mixture.
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Primer sequences used for the detection of
the various genes were specified in the work of Yang
et al. (2005) — Table II. Two primer pairs were used
to detect the same region of the cytK gene, for there
was variation in the sequences (cytK1 and cytK2) of
the region among different strains. The PCR pro-
ducts of this two primer pairs were the same size.
Last, one primer pair was to be specific for emetic
toxin producing strains of B. cereus, was used (Eh-
ling-Schulz et al., 2005b) — Table I1.

Amplification consisted of initial denaturation at
95°C for 5 min, followed by 30 cycles of 95°C for
30s, 60°C for 30s, and 72°C for 45s. A final 7-min
72°C extension followed. The PCR products were
analyzed on a 2% (wt/vol) agarose gel, and elec-
trophoresis was performed for 40 min at 100V.
The sizes of DNA fragments were estimated using
a 100 bp+ DNA ladder (Promega). Gel patterns were
visualized by ethidium bromide staining and photo
taken under UV transilluminator (Vilbert Lourmat,
Marne-la-Vallée, France).

RESULTS AND DISCUSSION

Detection of diarrheal enterotoxin genes

Results, concerning the occurrence of diarrheal
enterotoxin genes in the 41 Bacillus cereus strains are
presented in Table I. The presence of all three genes
nheA, nheB and nheC was confirmed in 40 strains
(98%). Only one strain (2.4%) was negative for nheA
gene (Table I). Compared to this, detection of all hae-
molytic genes hblA, hblC and hblD was confirmed
in only 29 strains (71%), two strains (4.9%) lacked
the hblC gene, 12 strains (29.3%) the hblA gene and
4 strains (9.8%) the hblD gene. There were 3 strains
(7.3%) with no detected hblA and hblD and one strain
(2.4%) with no hblA and hbIC genes, respectively.
Only one strain (2.4%) lacked all three haemolytic
genes (Table I). Yang et al. (2005) reported similar re-
sults. They discovered that all B. cereus strains carried
the nheA, nheB and nheC genes, while hbl genes were
carried by 46.8% of strains. Al-Khatib et al. (2007)
also found a higher frequency of nonhaemolytic en-
terotoxins in patients with diarrhoea, detected in
71% (nheA), 84% (nheB) and 90% (nheC), respectively.
The genes for the haemolytic enterotoxin were de-
tected in 58% (hblA), 58% (hblC) and 68% (hbID).
Guinebretiere et al. (2002) described nhe genes in al-
most all strains of B. cereus coming from food-poi-
soning and food-associated ecosystems.

In this study, the beeT gene was detected only in 8
out of 41 observed strains (20%). In contrast, Hansen
and Hendriksen (2001) showed that beeT is widely
distributed in B. cereus (55%) and its sequence is dif-
ferent among different strains. Rowan et al. (2003) re-
ported the detection of enterotoxins HBL and beeT
in a number of veterinary isolates of Bacillus spp.
from nongastrointestinal infections.

The results presented here for cytK-1 and cytK-2
genes are similar. These were detected in 21 (51%)
and in 20 (49%) strains, respectively. Twelve (29%) B.

cereus strains possessed both genes (strains coming
from one sample). Fagerlund et al. (2004) who first
described gene cytK-2 also detected cytK-1 and cytK-2
genes in five B. cereus strains (17%).

The entFM gene detection was positive in all 41 ob-
served strains. The wide distribution of entFM gene
was also confirmed by Hsieh et al. (1999) who found
the gene in 78 out of 84 B. cereus strains (93%).

The isolated strains didn't produce all observed
enterotoxins. There is interesting that 29 (71%)
strains carried the genes encoding diarrheal en-
terotoxins (non-haemolytic NHE and haemolytic
HBL and entFM). Considering the emetic toxin oc-
currence (1 positive gene detection) dairy products
can represent potential source of diseases mainly in
the case of diarrheal enterotoxins.

Distribution of diarrheal enterotoxin genes

We analysed samples from different areas of
the dairy production chain (Table I). Negative occur-
rences were determined in the case of cytK-1 and beeT
genes in strains originating from heat treated sam-
ples (dry and pasteurized milk, yoghurts, thermi-
zed milk) with the exception of thermized dessert,
and hblA, beeT and cytK-2 were detected in strains
isolated from dairy equipment. The genes nheB and
nheC were confirmed in all samples. Tt is interesting
that the results of identified genes were identical in
samples 30-41 which were isolated from one raw
cows’ milk sample (Table I; Figure 1, 2). These results
suggest the same origin of the B. cereus strains which
most likely came from one primary strain. PriiB et al.
(1999) detected the haemolytic enterotoxin HBL in
all species of the B. cereus group regardless of envi-
ronment or geographic origin.

Detection and distribution of emetic gene

The ces gene encoding emetic toxin was confirmed
in only one case (Table T). This strain came from pas-
teurized cows’ milk. The occurrence of this toxin
is very sporadic and mostly strains do not produce
this type of enterotoxin (Altayar and Sutherland,
2006). These authors describe production in 3 me-
sophilic B. cereus strains of 177 (1.7%) isolated strains
from soil, vegetables and animal faeces. They were
the first to confirm emetic toxin production within
psychrotrophic strains and its production at lower
temperatures. Svensson et al. (2006) also identified
only 0.05% emetic strains among 3401 isolates ob-
tained from dairy operations. However, Ehling-
Schulz et al. (2005a) detected ces gene in 27% of 90 ob-
served strains.

Detection of enterotoxins using immunoassay
kits BCET-RPLA and ELISA

The HBL enterotoxin was detected in 32 (78%) of B.
cereus strains using commercial kit BCET-RPLA (Ta-
ble I). The strains from heat treatment samples (dry
and pasteurized milk, yoghurts with the exception
of thermized milk and dessert) produced no haemo-
lytic enterotoxin. The NHE enterotoxin occurrence
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was positive in all cases using the ELISA-BDE visual
immunoassay. Both enterotoxins were produced by
32 (78%) of all strains. Similar results were described
by Ombui and Nduhiu (2005) who investigated 96
milk samples and analyzed 47 B. cereus strains. They
found 81% (38 from 47 isolates) of B. cereus strains
produced non-haemolytic enterotoxins and 53%
(25 strains) produced haemolysin BL. Both haemo-
lysin BL and non-haemolytic enterotoxins were pro-
duced by 18 (38%) of all 47 strains. Beattie and Wil-
liams (1999) reported 85% positive B. cereus strains
using the ELISA BDE assay and 51% using BCET-
RPLA, respectively.

Comparison of PCR and two commercial
immunoassay kits

Comparing the results obtained by PCR method
(detection of hblC gene encoding the L2 component)
and the results of the BCET-RPLA method (L2 de-
tection) the results were consistent for 32 strains,
and in 2 strains with negative gene and negative en-
terotoxin occurrence, as well — 83% (Table I). Dif-
ferent results were found in 7 strains (17%). These
B. cereus strains possessed the hblC gene but the pre-
sence of enterotoxin using BCET-RPLA was not
confirmed. This difference can be caused by sensi-
tivity of the method or by inactive gene. Guinebre-
tiere et al. (2002) found also a high correlation be-
tween the presence of this gene and enterotoxin
production BCET-RPLA test.

In comparing BCET-RPLA positive results with
PCR positive determination for the presence of all
three hbl genes, we confirmed, that the methods
used gave identical results in 30 isolated strains out
of 41 (73%), including one strain lacking all three hbl
genes along with a negative BCET-RPLA result.

In determinations of non-haemolytic protein by
the ELISA immunoassay which detects 45-kDa pro-
tein (NheA related to nheA gene) and PCR the re-
sults were identical in 40 cases (98%). The only ex-
ception was the absence of nheA gene in thermized
milk. Hansen & Hendriksen (2001) described ne-
gative nheA gene detection and positive ELISA BDE
immunoassay in three B. cereus strains among 22 iso-
lated strains. This difference can be explained by
mutation in sequences complementary to the pri-
mers and protein can be functionless. Guinebre-
tiere et al. (2002) found a high correlation between
gene occurrence and enterotoxin production using
ELISA tests.

The presence of all three HBL and NHE compo-
nents is needed for toxic activity (Lindbéck et al,
2004; Yang et al., 2005). This implies that in the case
of positive results using ELISA and BCET-RPLA kits
which detect only one HBL or NHE component (L2
or NheA respectively) the enterotoxin need not be
toxically active. In practice, it is advised to use both
methods for determination of possible presence of
enterotoxins (ELISA and PCR or BCET-RPLA and
PCR) but to use other method for determination of
toxic activity enterotoxins.
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II: PCRprimers used for multiplex PCR

Target gene Primer Sequence (5" — 37)
HA-F1 ATT AAT ACA GGG GAT GGA GAAACT T
hblA (237bp)
HA-R1 TGATCCTAATACTTCTTC TAGACGCTT
HC-F1 CCT ATC AAT ACT CTC GCA ACACCAAT
hblC (386bp)
HC-R1 TTTTCT TGA TTC GTC ATA GCCATTTCT
hbID (436bp) HD-F1 AGATGCTACAAGACT TCAAAG GGA AACTAT
P HD-R1 TGATTA GCACGATCT GCTTTCATACTT
NA-F1 ATT ACAGGGTTATTG GTT ACA GCAGT
nheA (457bp)
NA-R1 AAT CTT GCT CCATACTCT CTTGGATGCT
NB-F1 GTG CAG CAG CTGTAG GCG GT
nheB (328bp)
NB-R1 ATGTTTTTC CAG CTATCTTTC GCAAT
1eC (557bp) NC-F1 GCG GAT ATT GTA AAG AAT CAA AAT GAG GT
nhe
- NC-R1 TTT CCAGCTATCTTT CGCTGT ATG TAAAT
BceT-R1 AGCTTG GAG CGGAGCAGA CTATGT
beeT (701bp)
BceeT-F1 GTATTTCTTTCCCGCTTGCCTTTT
FM-R1 CAAAGA CTT CGTAACAAAAGGTGGT
entFM (290bp)
FM-F1 TGTTTACTCCGCCTTTTA CAAACTT
Cyt-R1 ATC GGG CAA AAT GCA AAA ACA CAT
cyt-K,(800bp)
Cyt-F1 ACCCAGTTT GCA GTT CCG AAT GT
Cyt-R2 ATC GGT CAA AAT GCA AAA ACA CAT
cyt-K, (800bp)
Cyt-F2 ACCCAGTTA CCAGTT CCGAATGT
(635bp) CES-F1 GGT GACACATTATCATAT AAG GTG
ces
- CES-R2 GTA AGC GAA CCTGTCTGT AACAACA

+1000-bp

+500-bp

+200-bp

100-bp 30 31 32 33 34 35 36 37 38 39 40 41 100-bp
ladder ladder

1: Agarose gel of multiplex PCR amplification of Bacillus cereus strains number 30-41. There are cytK-1 (800bp), nheC (557bp), nheA
(457bp), hbID (436bp), hbIC (386bp), nheB (328bp), entEM (290bp) and hblA (237bp)

SUMMARY

This study was focused on a results comparison of the BCET-RPLA and ELISA BDE immunoassay
for enterotoxins detection with PCR results for genes identification which encode three enterotoxin
components of HBL and NHE enterotoxins (hblC, hblD, hblA and nheA, nheB, nheC). Next to these genes
were identified others encoded diarrhoeal and emetic toxins (beeT, cytK-1, cytK-2, entFM and ces).

Bacillus cereus strains (n = 41) were isolated from raw cows’ and raw goats’ milk, pasteurized milk, milk
dairy during technological processing and from dairy plant equipment. Enterotoxins were detected
using two immunoassay kits: HBL enterotoxins using commercial kits BCET-RPLA and NHE using
the ELISA test (BDE-VIA). The DNA amplification was performed with a thermal cycler. The electro-
phoresis was carried out for 120 min at 80V. DNA in the gel was visualized by exposure to UV light,
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800-bp

457-bp

237-bp

100-bp 30 31 32 33 34 35 36 37 38 39 40 41
ladder

2: Agarose gel of triplex PCR amplification for detection of cytK-2 gene. There are cytK-2 (800-bp) and for positive control nheA (457-bp)
and hblA (237-bp)

photographed with a digital system (DP-001.FDC, Vilber Lourmat) and evaluated using BioLight soft-
ware. There were used various primer sequences for detection diarrheal enterotoxins.

The HBL enterotoxin was detected in 32 (78%) of B. cereus strains using commercial kit BCET-RPLA
and the NHE enterotoxin occurrence was positive in all 41 cases using the ELISA-BDE visual im-
munoassay. Positive gene detection was as follow: nheA was detected in 40 strains, nheB and nheC (41),
hblA (29), hbIC (39), kbID (37), beeT (8), cytK-1 (21), cytK-2 (20), entFM (41) and ces in 1case. The presence
of all three HBL (L2, L1 and B) and NHE components (NheA, NheB and NheC) is needed for toxic ac-
tivity of these enterotoxins. The presence of all three genes nheA, nheB and nheC was confirmed in 40
strains (98%). Compared to this, detection of all haemolytic genes hblA, hblC and hblD was confirmed in
only 29 strains (71%). Comparing BCET-RPLA positive (or negative in 1 case) results with PCR positive
(or 1 negative) determination for the presence of all three hbl genes, we confirmed, that the methods
used gave identical results in 30 isolated strains (73%). In determinations of non-haemolytic protein
by the ELISA immunoassay and PCR the results were identical in 40 cases (98%). In practice, it is ad-
vised to use both methods for determination of possible presence of enterotoxins but to use other
method for determination of toxic activity enterotoxins.

SOUHRN

Detekce genti kédujicich enterotoxiny Bacillus cereus pomoci PCR a jejich produktt
metodou BCET-RPLA a ELISA assay

Price byla zamé&Fena na srovnéani vysledkt pro detekei pfitomnosti enterotoxint pomoci metod
BCET-RPLA a ELISA immunoassay a vysledkl identifikace gent odpovédnych prave za syntézu slo-
zek HBL a NHE enterotoxint (hbIC, hblD, hblA a nheA, nheB, nheC). Vedle téchto genti byly detekovany
i dal3i kédujici syntézu dirrhogennich a emetického enterotoxinu (beeT, cytK-1, cytK-2, entFM a ces).
Kmeny Bacillus cereus byly izolovany z kravského a koziho mléka, pasterovaného mléka, mléénych
produkttt b€hem technologického zpracovani a z vyrobniho zafizeni. P¥itomnost HBL enterotoxinti
byla stanovena pomoci metody BCET-RPLA a pfitomnost NHE enterotoxinu ELISA (BDE-VIA) tes-
tem. Pro amplifikaci DNA byl pouzit termélni cykler. Elektroforéza amplikont probihala po dobu
120 min p¥i 80V, ethidium bromidem barvené gely byly vizualizoviny UV svétlem, zachyceny digi-
talnim fotosystémem (DP-001.FDC, Vilber Lourmat) a vyhodnoceny pomoci programu BioLight. Pro
amplifikaci jednotlivych genti byly pouzity rtizné sekvence primerd.

Hemolyticky enterotoxin HBL byl identifikovan metodu BCET-RPLA u 32 kment B. cereus (78 %). P¥i-
tomnost hemolytického enterotoxinu NHE byla potvrzena u viech 41 sledovanych kmenti. Pozitivni
detekce gentl byla zjisténa nasledovné: gen nheA byl identifikovan u 40 kmend, nheB a nheC (41), hblA
(29), hbIC (39), hbID (37), beeT (8), cytK-1 (21), cytK-2 (20), entFM (41) a ces pouze v jednom piipadé. Pii-
tomnost viech i slozek, které tvotf enterotoxin HBL (L2, L1 a B) a viech tii komponent, ze kterych
je slozen NHE enterotoxin (NheA, NheB a NheC), je nutné pro toxickou aktivitu obou enterotoxint.
Pritomnost vech ti gentl nheA, nheB a nheC byla pozitivni u 40 kmenti (98 %) a gent hblA, hblC a hblD
pouze u 29 kment (71%). Srovndme-li identifikaci viech t¥i hbl genti (pozitivni i negativni) s pozi-
tivnimi ¢i negativnimi vysledky BCET-RPLA, zjistime, Ze jsou shodné ve 30 pfipadech (73 %). V p¥i-
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padé srovnani vysledktt ELISA immunoassay pro stanoveni NHE enterotoxinu s vysledky PCR pro
vSechny tfi nhe geny zjistime, Ze jsou shodné ve 40 pFipadech (98%). Pro praxi to znamend pouziti
obou metod pro stanoveni mozné pi¥itomnosti enterotoxint, ale pouziti dal3i jiné metody pro stano-

veni jejich toxické activity.

mléko, Bacillus cereus, enterotoxin, geny, PCR, BCET-RPLA, ELISA assay
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