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ABSTRACT. A large-scale outbreak of food poisoning caused by consumption of skimmed milk powder contaminated with staphylococcal
enterotoxin A (SEA) occurred in Japan.  No viable Staphylococcus aureus was detected in the skimmed milk powder, however, sea and
nuc genes of S. aureus were detected in it by PCR.  The number of S. aureus in skimmed milk powder was estimated by quantitative
real-time PCR.
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A mass outbreak of food poisoning caused by consump-
tion of reconstituted milk, contaminated with staphylococ-
cal enterotoxin (SE), occurred in Osaka, Japan, in June
2000, and more than 10,000 cases were reported [13].
Although the source implicated was reconstituted milk man-
ufactured by company A.  The raw material for this reconsti-
tuted milk was skimmed milk powder produced at a plant of
the same company in Hokkaido in April 2000.  In this epi-
sode, the presence and proliferation of Staphylococcus
aureus in milk used to produce the skimmed milk powder
were due to a malfunction in the temperature control system
[13].  Although S. aureus was killed by heating, active SE
remained in the milk as SE is heat resistant [4].  Staphylo-
coccus aureus was not detected in the implicated foods by
ordinary microbiological examinations, but SE was detected
in concentrations of 0.05–1.6 ng/ml of the reconstituted
milk by reversed passive latex agglutination (RPLA) and
enzyme-linked immunosorbent assay (ELISA) [13].

Although 18 major antigenic types of SEs or SE-like
putative toxins have been reported, SEA is the major cause
of food poisoning [1, 6, 10, 11, 14, 16–21].  In an outbreak
caused by SEA present in chocolate milk in the United
States, twelve cartons each containing half pint (approx 0.28
l) contained SEA at a concentration of 94–184 ng, and SEA
of 200 ng or less was presumed to have caused food poison-
ing [3].  However, the minimal dose of SEA that causes gas-
troenteritis is not known.

When a small number of S. aureus in present in food,
rapid detection by ordinary methods is difficult.  Therefore,
PCR with primers designed from the DNA sequence of the
nuc gene has been developed, and it is capable of detecting
S. aureus in food even in low numbers [2].  However, esti-
mating the bacterial count in foods by the normal PCR tech-
nique is not possible.  Recently, real-time PCR has been
developed and made it possible to detect bacteria and to
quantitatively count the bacteria [9, 12, 15].  Therefore, the
number of S. aureus cells in skimmed milk powder could be

counted by real-time PCR if staphylococcal DNA is recov-
ered from it.

MATERIALS AND METHODS

Skimmed milk powder having caused food poisoning: Ten
batches of skimmed milk powders manufactured at the fac-
tory of company A on April 1, 2000 were the raw materials
used to produce the food implicated in the outbreak of food
poisoning, which occurred despite the heat treatment at
130°C for 3 sec.  They were designated SM1, SM100,
SM200, SM300, SM400, SM500, SM600, SM700, SM800
and SM830 in the order of the manufacturing time.  The
number of bacteria/ml of the reconstituted skimmed milk
(10% w/v) was measured by standard plate count using
Standard Method Agar (Nissui Co., Tokyo, Japan) [8].  The
reconstituted skimmed milk (0.1 ml) was spread on manni-
tol salt agar (Oxoid Ltd., Basingstoke, England) containing
egg yolk emulation (Oxoid), to count the number of S.
aureus, by incubation for 48 hr at 37°C [8].  

Strains and inoculated skimmed milk powder: Staphylo-
coccus aureus strains No. 35, No. 39, 98–2–7, 52–1–2 and
SEA100 were used.  Strains No. 35 and No. 39 were kindly
provided by Iwate University, strain 98–2–7 from Fukuoka
Institute of Health and Environmental Sciences, and strain
SEA100 from Tokyo Metropolitan Research Laboratory of
Public Health.  Strain 52–1–2 had been isolated from a
patient with atopic dermatitis.  These strains were cultured
in Trypto-Soya broth (TSB; Nissui) for 24 hr at 37°C under
shaker conditions and killed by boiling for 10 min.  The
CFUs of S. aureus were measured on nutrient agar (Oxoid)
by incubation for 24 hr at 37°C.  To obtain S. aureus-con-
taminated skimmed milk powder for experimental purposes
killed S. aureus cells were added to skimmed milk powder,
which was prepared in a usual way under strict temperature
control in the factory of company A.

DNA extraction: Skimmed milk reconstituted (10% w/v)
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in sterile water was centrifuged at 12,000 rpm for 3 min, and
subsequently, DNA was extracted by using a DNeasy tissue
kit (Qiagen GmbH, Hilde, Germany).  DNA was purified
from S. aureus cultured in TSB by using the DNeasy tissue
kit.

PCR: The primers nuc-1 (5’-GCGATTGATGGT-
GATACGGTT-3’) and nuc-2 (5’-AGCCAAGCCTTGAC-
GAACTAAAGC-3’) were used in this study to amplify a
267-bp fragment of nuc gene [2] specific to S. aureus, SEA-
1 (5’-TTGGAAACGGTTAAAACGAA-3’) and SEA-2 (5’-
GAACCTTCCCATCAAAAACA-3’) to amplify a 120-bp
fragment of sea gene [7], essential for SEA production.
Each 20-µl PCR mixture contained 2 µl of template DNA,
0.2 µM of each primer, and 0.5 U EX Taq (TAKARA BIO
Inc, Shiga, Japan).  Thirty-five amplification cycles (94°C
for 30 sec, 55°C for 30 sec and 72°C for 30 sec) were per-
formed in a GeneAmp PCR system 9700 (Perkin Elmer,
Inc., Foster City, Calif.).  To examine the detection limit of
the sea gene by PCR using both SEA-1 and SEA-2 primers,
10-fold serial dilutions of the DNA extracted from each
strain were prepared and PCR was performed with each
dilution.

Real-time PCR: Real-time PCR was performed by using
a TaqMan Universal PCR Master Mix (Applied Biosystems,
Foster City, Calif.).  Each 50 µl of PCR mixture contained 1
µl of template DNA, 1 µM of each primer (SEA-1 and SEA-
2) and 100 nM of fluorogenic probe designated SaA (5’
FAM-AATGTAACTGTTCAGGAGTTGGATCTTCAAG-
CAAGA- TAMRA 3’).  The following PCR cycle was used:
1 × 50°C for 2 min; 1 × 95°C for 2 min; 40 × (95°C for 15
sec followed by 60°C for 1 min) by using an ABI PRISM
7700 Sequence Detection System (Perkin Elmer).  The data
of real-time PCR were analyzed by the sequence detector
software version 1.6.3 (Perkin Elmer).  A standard curve for
real-time PCR was established for serial dilutions of DNA
purified from each strain cultivated in TSB, in which their
CFU was measured.  The sequence detector software pro-
duced a standard curve, which was then used to calculate the

precise quantities of the starting template molecules for
unknown sample. 

ELISA: Skimmed milk powder was analyzed by using a
commercial immunoassay kit Transia plate (Diffchamb,
Lyon, France).  The assay was carried out in accordance
with the manufacturer’s instructions.  Briefly, skimmed
milk reconstituted in PBS was used as sample.  Highly puri-
fied SEA (AT101, Toxin Technology, Sarasota, Florida)
was used as a standard to generate a standard curve.

RPLA: Skimmed milk powder was analyzed by using
commercial immunoassay kit SET-RPLA (Denka Seiken
Co., Ltd., Tokyo).  First, 57% (w/v) skimmed milk reconsti-
tuted in PBS was adjusted to pH 3.8 by addition of HCl and
centrifuged at 3,000 rpm for 20 min.  Second, supernatant
was adjusted to pH 7.0 by addition of NaOH and centrifuged
at 3,000 rpm for 20 min.  The supernatant was used as sam-
ple and highly purified SEA (AT101, Toxin Technology)
was as a standard.  Samples and standards were processed
according to the manufacturer’s instructions.

RESULTS

Staphylococcus aureus was not isolated on mannitol salt
agar with egg yolk added, because the samples had been
pasteurized.  SM600 and SM700 showed possible non-S.
aureus contamination by standard plate count (Table 1).  To
examine whether the dead bacterial cells in all samples were
S. aureus cells, the total DNA in each sample was isolated
and PCR was performed by using primer sets to amplify sea
[7] and nuc [2] genes.  nuc and sea genes were amplified
from nine samples but not from SM1 (Fig. 1), thus indicat-
ing that these skimmed milk powder samples contained
dead S. aureus and that the total DNA for PCR could be
extracted from the dead cells even after ultra high tempera-
ture pasteurization.  Therefore, the number of SEA-produc-
ing S. aureus cells in these skimmed milk samples could be
estimated if the copy numbers of sea gene in the samples
was estimated by PCR.  The amounts of SEA in the 10

Table 1. Number of S. aureus, sea genes, SPCa) and the amount of SEA in each sample of skimmed milk powder
that caused food poisoning

Number of sea PCR Amount of SEA
Number of genes as

Sample Date of SPC S. aureus determined by ELISA RPLA
no. manufacture (CFU/g) (CFU/g) real-time PCR sea nuc (ng/g) (ng/g)

(copy/g)

SM1 2000.4.1 <300 <50 <1.6 × 104 – – <2.0 <2.2
SM100 2000.4.1 <300 <50 2.7 × 107 + + 2.9 2.2
SM200 2000.4.1 <300 <50 5.8 × 106 + + 2.0 2.2
SM300 2000.4.1 <300 <50 1.2 × 106 + + <2.0 <2.2
SM400 2000.4.1 <300 <50 1.2 × 105 + + <2.0 <2.2
SM500 2000.4.1 <300 <50 2.3 × 104 + + <2.0 <2.2
SM600 2000.4.1 6.2 × 103 <50 4.7 × 107 + + 20.8 17.5
SM700 2000.4.1 4.0 × 102 <50 5.2 × 107 + + 8.5 8.8
SM800 2000.4.1 <300 <50 1.2 × 107 + + 6.4 4.4
SM830 2000.4.1 <300 <50 4.3 × 107 + + 4.3 4.4

a) Standard plate counts.
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skimmed milk powder samples were also measured by
ELISA and RPLA; no SEA was detected in four samples
(Table 1). 

Five S. aureus strains were cultivated in TSB and their
CFUs were measured.  Each bacterial culture was boiled to
kill the cells and artificially contaminated with an SEA-neg-
ative 10% skimmed milk suspension of the dead cells.  sea
gene was detected by PCR using both SEA-1 and SEA-2
primers as the number of S. aureus added to 10% skim milk
suspension was more than 1.4 × 105–1.5 × 106/ml.  The
number of fluorescence signals dependent on the copy num-
ber of sea gene was then detected by the real-time PCR by
using the primer and probe sets for sea gene.  Each standard
curve was established from the relationship between the flu-
orescence signal and bacterial counts.  By using these stan-
dard curves, the bacterial counts were estimated in the
pasteurized skimmed milk powder samples.  The number of
heat-killed bacterial cells was estimated at approximately

30% as compared to live cells in skimmed milk powder
(Tables 2 and 3). 

To estimate the bacterial count in nine Staphylococcus-
positive samples listed in Table 1, real-time PCR was per-
formed.  DNA extracted from strain No. 39 was used as a
standard in this experiment.  From the standard curve, the
copy number of sea gene in each sample was measured by
the fluorescent signals; the number of sea genes was 2.3 ×
104–5.2 × 107 copies/g in these skimmed milk powder sam-
ples (Table 1).

DISCUSSION

It was believed that the outbreak of food poisoning in
Osaka in 2000 was due to SEA in the skimmed milk powder
[13].  Recently, it was confirmed that the food poisoning
was caused by SEA and SEH [5].  However, it was difficult
to detect SEA and SEH by ELISA in all skimmed milk pow-

Fig. 1. Detection of sea and nuc genes in skimmed milk powder by PCR. (A) Detection of
nuc gene. (B) Detection of sea gene. Lane 1, 100 bp size maker; lane 2, SM1; lane 3,
SM100; lane 4, SM200; lane 5, SM300; lane 6, SM400; lane 7, SM500; lane 8, SM600;
lane 9, SM700; lane 10, SM800; lane 11, SM830; lane 12, negative control; lane 13, posi-
tive control.
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der samples because they were present only in small
amounts and viable S. aureus was undetectable in the impli-
cated skimmed milk powder samples because of the heat
treatment.  Thus, PCR was used to amplify sea gene instead
of detecting SEA in skimmed milk powder; sea gene was
detected in nine skimmed milk powder samples, including
SM300, SM400 and SM500, in which SEA was not detected
by using ELISA.  Thus, detecting sea gene was useful as an
index of SEA contamination in dairy products such as
reconstituted milk and skimmed milk powder.

DNA was extracted from skimmed milk powder contain-
ing heat-killed S. aureus cells.  The number of S. aureus
estimated by real-time PCR was not equal to that added to
skimmed milk.  The recovery rate of each of the five strains
was 12.6%–64.9% (33.9% on average).  These results indi-
cate that inspecting isolates of S. aureus from skimmed milk
powder is necessary to determine the recovery rate and to
correctly count the CFUs by real-time PCR.  However, even
if skimmed milk powder is contaminated by S. aureus, as
was the case in Osaka food poisoning, it should have already
been killed and may not have been isolated.  When S. aureus
is not isolated nor the recovery rate is unknown, by produc-
ing a recovery rate of approximately 30%, it is possible to
calculate the approximate number of S. aureus; the average
recovery rate of the five strains was approximately 30% in
this study.  No significant change was observed in the recov-
ery rate of S. aureus even if the number of S. aureus in
skimmed milk powder changed.  In brief, real-time PCR is
used to a large extent for comparing the number of S. aureus

among different skimmed milk powder samples when they
are contaminated with the same strain, as was the case in the
Osaka food poisoning incident. 

Although real-time PCR was used for 10 skimmed milk
powder samples that were believed to be the source of food
poisoning, no sea gene was detected in SM1, which showed
that the contamination of SEA in milk occurred after manu-
facturing processes of SM1.  Staphylococcus aureus multi-
plied and produced toxins during the manufacturing of SM1
and SM100, but the S. aureus cell number gradually
decreased during the manufacturing process of SM100 and
SM500.  Further, S. aureus cell numbers increased and pro-
duced toxins during the manufacturing process of SM500
and SM600.  These results indicated that S. aureus might
have increased and contaminated skimmed milk powder
twice during the manufacturing process.  The manufacturing
process might have malfunctioned during manufacturing
SM1 and SM100, and also SM500 and SM600.

Skimmed milk powder containing SEA was carried into
the Hazard Analysis and Critical Control Points (HACCP)
system in the factory, which produced reconstituted milk
from this skimmed milk powder without detecting the con-
tamination by SEA.  Methods that rapidly evaluate the
safety of skimmed milk powder are necessary to prevent
food poisoning.  The method described in this study is rapid,
supersensitive and can quantitatively confirm the contami-
nation by S. aureus.  This method can be used to count via-
ble and dead S. aureus cells.  We believe that this method is
very effective in estimating the source of food poisoning

Table 2. Measurement of sea gene by real-time PCR in skimmed milk powder with added
dead bacteria 

Number of sea
genes as Number of dead

Strain determined by S. aureus added Real-time PCR/added dead

real-time PCR (/g)a,b) (cell/g) S. aureus

No. 39 4.4 × 108 1.5 × 109 28.4%
98–2–7 4.7 × 108 1.3 × 109 35.0%
No.35 5.7 × 108 8.8 × 108 64.9%
SEA100 2.1 × 107 1.7 × 108 12.7%
52–1–2 9.0 × 108 3.2 × 109 28.4%

Average  33.9%

a) DNA extracted from the viable strain No. 39 in TSB was used as a standard.
b) DNA was extracted from the strain resuspended in 10% skimmed milk for real-time PCR.

Table 3. Effect of the concentration of the dead strain No. 39 added in real-time PCR

Number of sea genes by Number of added Number of sea
real-time PCR (/g)a,b) S. aureus (cells/g) genes/Number of added S. aureus

2.1 × 109 1.1 × 1010 18.8%
4.4 × 108 1.5 × 109 28.4%
1.3 × 107 1.1 × 108 11.1%
2.3 × 105 1.1 × 106 20.4%

a) DNA extracted from the viable strain No. 39 in TSB was used as a standard.
b) DNA was extracted from the strain resuspended in 10% skimmed milk for real-time PCR.
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and carrying out risk assessment of foods.
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