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Abstract: An outbreak of Salmonella enteritidis infections occurred in Otaru, Japan, in September 1997. A 
total of 143 cases of salmonellosis were reported to the local Public Health Center. In this outbreak, one case 
had a 214-hr incubation period. We investigated 5 isolates including this case by phage typing and pulsed-
field gel electrophoresis (PFGE) to determine the genetic heterogeneity of S. enteritidis. Five isolates 
were phage typed as reacted, but did not conform (RDNC) with identical reaction patterns and had 

quite similar PFGE patterns. Thus, the prolonged incubation period may not be attributed to genetic  het-
erogeneity of the organism but rather to other factors.
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Foodborne salmonella infections have recently 
increased and become public concerns in North  Ameri-
ca and Europe. Salmonella enteritidis has been the 
most frequently isolated serotype among all Salmonella 
species (9). In Japan, foodborne salmonella infections 
have increased since the  1980s and are recently a major 
cause of foodborne infectious diseases. In particular, S. 
enteritidis has been a dominant serotype of salmonellosis 
in the  1990s (6). The incubation period of nontyphoid 
salmonella infections is usually 8 to 24 hr, ranged 6 to 48 
hr (3). However, quite long incubation periods of sal-
monella infection have been reported  (1, 7, 8). For 
example, 7 infants were infected with Salmonella serovar 
Nienstedten in a nursery outbreak of salmonellosis and 
their incubation periods ranged from 2 to 18 days (the 
median,  11 days) (8). In an outbreak of Salmonella 
serovar Heidelberg infection at a gastronomic evening in 
the UK, 20 of 82 people with gastrointestinal illness 
following the dinner had incubation periods of 8 to 28 
days, 4 of whom were confirmed Salmonella serovar 
Heidelberg positive (7). In an outbreak of Salmonella 
serovar Newport food poisonings in Sweden, 7 patients 
had 8- to  12-day incubation periods  (1). Although the 
causes of these long incubation periods were not fully 
identified, it has been reported that a longer incubation

period of salmonellosis was due to the ingestion of a 
lesser dose of the organism in other investigations (2,  5). 

This dose-response effect was observed in S. enteritidis 

(5) and S. typhimurium (2) infections. 
We have recently experienced an outbreak of S. enter-

itidis gastroenteritis in Otaru, Hokkaido, Japan. An 

implicated food of the outbreak was thought to be cakes 

produced and retailed at a confectionery in Otaru. 
Among the 143 cases reported to the local Public Health 

Center, one case had a 214-hr incubation period. 

Although the outbreaks of S. enteritidis infection have 
increased worldwide, there are no reports of a long incu-

bation period for this serotype. To elucidate whether the 

prolonged incubation period of this case resulted from a 
bacterial genetic heterogeneity, we have examined the 
isolated strains of S. enteritidis from this case and four 

other cases in the outbreak for their bacterial DNA  pat-

terns by phage typing and pulsed-field gel  elec-

trophoresis. 
In September  1997, an outbreak of S. enteritidis gas-

troenteritis occurred in Otaru. The Otaru Public Health 

Center (PHC) was reported the emergence of patients 

infected with genus Salmonella from several local hos-

pitals on September 24. Common foods consumed by 
these patients were cakes produced at one confectionery 

in Otaru. A total of 143 cases of people (46 males and
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97 females) who consumed the cakes and subsequently 
had acute gastroenteritis were reported to the PHC. The 
affected people were aged  1 to 79 years old (the median, 
24 years). Major symptoms were diarrhea (139 of 143 
cases, 97%), fever (127 cases, 89%), abdominal pain 

(86 cases, 60%) and vomiting (59 cases,  41%). The 
implicated cakes were mostly chocolate cakes and fresh 
cream cakes. A common ingredient of these cakes was 
unheated egg white. The cakes were consumed between 
September 17 and 25 by all reported cases. The incu-
bation periods were between 4 to  214 hr (the median, 22 
hr). One-hundred and thirty-one cases (92%) had incu-
bation periods within 72 hr (Fig.  1). Microbiological 
examination was performed by collecting faecal speci-
mens from 76 cases, in which 51 cases (67%) were S. 
enteritidis positive. The confectionery was inspected by 
the PHC on September 25. The confectionery prod-
ucts (six kinds of cakes), their ingredients (eggs, choco-
late and strawberries) and surface wipe swabs of equip-
ments were investigated for detection of the bacteria. S. 
enteritidis was not detected in any of these inspected 
materials. Twenty-five employees in the confectionery 
were subjected to inspection of their stool specimens, and 
three staff members were S. enteritidis positive. 

In this outbreak, a 3-year-old boy (case A) had a  214-
hr incubation period. He ate two kinds of fresh cream 
cakes from the confectionery on September  18 and  19 
and had no symptoms for 9 days. Fever (39.2 C) and 
nausea appeared on September 27 and watery diarrhea 
with blood and vomiting began on the next day. He 
was hospitalized for 7 days and recovered completely. 
He had no complications observed during his hospital-
ization and no serious illnesses before. He was living 
with his parents. His father did not eat cakes at the 
moment and had no symptoms. His mother ate the 
same two kinds of cakes (one of which was the rest of 
her son's) on the same days and had symptoms 2 days 
after her son did. Her symptoms (fever, abdominal pain,

and diarrhea) were mild and remitted spontaneously in 
one day. Her stool specimens were not examined. No 

other foods which caused Salmonella gastroenteritis 

were considered in these two cases. A secondary infec-

tion in his case was very rare because no family members 
had food-poisoning symptoms during his incubation 

period. We thought that his mother might have had an 
1  1-day incubation period after ingesting cakes or suf-
fering secondary infection from her son. In either of 

these cases, the inoculum of S. enteritidis in her cakes 

may have been very small because she was symptom-free 

for  11 days after consumption of the cakes. This  indi-

cated that the inoculum in case A's cakes might also 
have been too small to develop the disease earlier. 

We have examined whether the long incubation  peri-

od of S. enteritidis infection in case A was due to a 

bacterial genetic heterogeneity. Genetic profiles of a 

S. enteritidis isolate from case A were compared with 
those of four other isolates in this outbreak by phage typ-

ing and pulsed-field gel electrophoresis (PFGE). Phage 

typing and PFGE were performed at the National Insti-
tute of Infectious Diseases (NIID), Tokyo. Two iso-

lates of S. enteritidis used for comparison with case A 

were from a  1-year-old girl with an incubation period of 

161 hr (case B) and a 9-year-old girl with an incubation 

period of 41 hr (case C). The other two isolates obtained 
from cases D and E had no personal and clinical records, 

and their incubation periods were unknown. Phage typ-

ing was performed by using phages developed by Ward 

and colleagues (10). PFGE was performed as described 

previously (4). In brief, bacterial DNAs were digested 
with  Bln I and a linearly ramped switching time from 5 

to 50 sec was applied for  21 hr in the PFGE. We also 

analyzed three previous isolates of S. enteritidis belong-
ing to different phage types (PT  1 and 4) for referencing 

the DNA patterns of the present isolates. Two isolates 

(PT  1) were obtained in Osaka Prefecture in  1997 and 
one isolate (PT 4) in Kagoshima Prefecture in 1997. 

In phage typing, all 5 isolates were identified as 

RDNC, and each isolate revealed identical patterns (data 

not shown). In PFGE, the patterns of DNA fragments 

were markedly different between distinct phage types, 
even 2 isolates belonging to the same PT 1 showed dif-

ferent PFGE patterns (Fig. 2). In contrast, the 5 isolates 

in the present outbreak revealed quite similar PFGE 

patterns. Particularly, PFGE patterns of the isolate from 
case A and 2 isolates from cases D and E were almost 

identical (only a  185-kb fragment seen in cases D and E 

was absent in case A). Although 2 isolates from cases B 

and C had slight variations in the PFGE patterns as 
compared to these three (cases A, D and E), the  varia-

tions were much less significant than those seen in 3 iso-

lates obtained in distinct outbreaks. Thus, the 5 iso-
Fig .  1 . A distribution of incubation periods for 143 cases affect-

ed by a  Salmonella  enteritidis outbreak in Otaru, 1997.
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lates examined here were closely related, and the isolate 
from case A and 2 other isolates (cases D and E) 
appeared to be the majority of the molecular typing 
among isolates examined in the outbreak. 

In conclusion, the isolate from case A, who had a 
214-hr incubation period, had a quite similar genetic 
background with the other 4 isolates in the outbreak 
and the genetic factor(s) of the isolate may not have 
contributed to the prolonged incubation period in case A. 
Although the ingested dose of S. enteritidis in case A was 
not determined, the inoculum may be very small to 
develop the disease within the usual incubation period 
because his mother, ingesting the same food, did not

develop symptoms for 11 days. Taken together, we 

concluded that the prolonged incubation period of S. 

enteritidis infection in the present case may not be due to 

a genetic heterogeneity of the isolated strain but rather 
due to other factors such as ingested dose of the organism 

as previously reported (2, 5).
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Fig. 2. PFGE patterns of Salmonella  enteritidis isolates. Lanes  1 

and 2 indicate PT  I isolates and lane 3 indicates PT 4 isolate, 

which were obtained previously in Japan. Lanes 4 to 8 indicate 

isolates  from cases A to E, respectively, in the present outbreak. 

M represents marker of DNA sizes.


