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Abstract. A large outbreak of food poisoning occurred in Singapore in March 1995 when a total of 188
inmates in an institution was taken ill. Salmonella enteritidis was isolated from the stool cultures of 35
inmates (16 symptomatic and 19 asymptomatic). All the isolates were of the serotype profile 0:1, 9, 12 and
H:g, m (antigen phase I); all were sensitive to ampicillin, ceftriaxone, chloramphenicol, co-trimoxazole and
ciprofloxacin. Plasmid profile analysis and restriction enzyme fragmentation patterns (REFPs), as generated
with EcoRI and HindIll, of a 60 kb plasmid obtained from these isolates were all identical, confirming that
the outbreak resulted from a single source of infection. Stratified statistical analysis of food-specific attack
rates strongly implicated imported canned luncheon pork consumed by the inmates on 26 March 95 as the
single most probable cause of the food poisoning [p < 10°, Mantel-Haenszel weighted odds ratio (OR) =
14.33; 95% confidence interval (CI) = 6.20 - 33.15]. The median incubation period of this outbreak was 19.3
hours and the median duration of illness was three days. The outbreak was rapidly brought under control
through prompt implementation of epidemic control measures which comprised active search for diarrheal
cases, rectal swabbing of asymptomatic inmates, isolation of those found to be infected, and maintenance

of a high standard of personal, food and environmental hygiene.

INTRODUCTION

Salmonella enteritidis has established itselfas a
major cause of foodborne illness worldwide with
many countries witnessing substantial increases in
its isolation rate over the past decade (Rampling,
1993). In the United Kingdom, a large increase in
S. enteritidis (mainly phage type 4) infection was
observed beginning 1985 (Cooke, 1991). Isolations
in England and Wales had more than tripled from
2,071 in 1981 to 6,858 in 1987 (Coyle et al, 1988).
The increasing incidence was largely attributed to
consumption of raw or undercooked contaminated
poultry and hen eggs (Bartlett er al, 1989). Simi-
larly, in the United States, a five-fold increase in
the isolation of S. enteritidis was noted in New
England and the Middle Atlantic region between
1976 and 1985. By 1985, S. enteritidis had dis-
placed S. typhimurium as the most frequently iso-
lated serotype in northeastern United States. The
main vehicles of transmission were poultry, eggs
and egg-containing products with 65 of the 140
outbreaks that occurred there between 1985 and
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1988 being attributed to grade A shell eggs (Centers
for Disease Control, 1987). Strains of S, enteritidis
phage type 4 have also been isolated from cattle and
pigs as well as human food not of poultry origin
(Threlfall et al, 1994).

In Asian countries such as Japan (Ministry of
Health and Welfare, 1995), Hong Kong (Wong et
al, 1994), Malaysia (Yasin et al/, 1995) and Thai-
land (Kantama and Jayanetra, 1996), the frequency
of isolation of S. enteritidis has also increased
during the period 1989-1991. In Singapore, S.
typhimurium continued to be the prominent non-
typhoidal salmonella serotype isolated from 1972
to 1993 until it was replaced by S. enteritidis in
1994 and 1995. The latter now accounted for
between 32.8% and 36.9% of all non-typhoidal
Salmonella isolates (Dept of Pathology, 1994). Al-
though the enteropathogen has also been isolated
from animal sources such as chicken and duck
meat, hen eggs and pork sausages (Australian Sal-
monella Reference Centre, 1995), these food items
have not been implicated in human salmonellosis
caused by S. enteritidis in Singapore as the reported
cases occurred singly and sporadically.

The isolation of S. enteritidis in a large outbreak
of food poisoning which occurred in an institution
in March 1995, provided an opportunity to deter-
mine the vehicle of transmission of infection.
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The institution

This was a penal institution situated in a subur-
ban area. It had an all-male population of 1,800
housed in six blocks of dormitories served with
modern sanitation. A hospital located within the
premises provided outpatient and in-patient treat-
ment for the inmates.

Three meals were prepared daily by 56 cooks
and their assistants in three in-house kitchens. The
kitchens were well equipped with modern sanitary
and refrigeration facilities. Food items were cooked
in batches and placed in individual plastic food
trays before being delivered by trolleys to the vari-
ous dormitories. Food was then consumed in a
dining room within each dormitory. For security
reasons, food was eaten using bare hands.

The outbreak

On 29 March 95, the Department of Pathology,
Singapore General Hospital, noted a sudden in-
crease in the isolation of S. enteritidis from the
stool cultures submitted by the institution. It was
isolated from 7 inmates who presented with symp-
toms of food poisoning on 26 March 1995. When
notification was received by the Quarantine and
Epidemiology Department, Ministry of the Envi-
ronment, epidemiological investigation was imme-
diately conducted to determine the extent of the
problem and the vehicle of transmission. Control
measures were concurrently taken to prevent fur-
ther transmission of infection.

Preliminary investigations showed that sporadic
cases of diarrhea were reported by the hospital
located within the institution until 26 March 1995
when 12 inmates were taken ill. Cases were con-
fined to inmates housed in three of the dormitories
and served with food prepared in one of the kitch-
ens. None of the security and hospital personnel
who obtained their food from the staff canteen were
affected.

Active search for other unreported cases was
carried out and those with gastrointestinal symp-
toms were isolated and treated. The environmental
sanitation in the institution was stepped up and food
handlers instructed to observe strict personal and
food hygiene. Food and water samples were col-
lected for microbiological analyses. Rectal swabs
were also obtained from asymptomatic inmates of

86

the affected dormitories, as well as from all the 56
cooks and kitchen assistants, and submitted to the
laboratory for isolation of enteropathogens.

MATERIALS AND METHODS

A structured questionnaire survey was adminis-
tered to all the inmates staying in the three affected
dormitories to elicit specific clinical symptoms and
details of food history during the three-day period
between 24 March and 26 March 1995. A case of
food poisoning was defined as an individual who
had consumed food provided by the institution and
subsequently developed diarrhea and other gastro-
intestinal illness during the period 24 March to 29
March 1995. Those with no diarrhea were not
included in the statistical analyses.

For statistical analysis of the food-specific at-
tack rates, differences in proportions were com-
pared by chi-square test using Yates’ continuity
correction. Fisher’s exact test was employed in
cases where the chi-square test was not appropriate.
Stratified analysis was by Mantel-Haenszel chi-
square test. Probability (p) values less than 0.05
were considered statistically significant.

No food remnants from meals consumed over
the period 24 March to 26 March 1995 were avail-
able. Nonetheless, several similar food items such
as shell eggs, uncooked mutton, chicken, vegeta-
ble, pork and fish were collected and analysed for
the presence of Salmonella organisms (Food and
Drug Administration Bacteriological Analytical
Manual, 1992). Anunopened can of luncheon pork,
an imported product from China, of the same batch
number as that consumed by the inmates for lunch
on 26 March 1995, was also tested for enteropatho-
gens.

Stools were inoculated onto blood agar plates,
two types of selective agar plates, namely, Mac-
Conkey and Salmonella-Shigella, as well as Selenite
F, an enrichment broth for Salmonella spp. Rectal
swabs were inoculated directly into Selenite F broth.
The inoculated plates and tubes of broth were incu-
bated overnight at 35°C. The inoculation plates
were read the next day and four to five suspicious
non-lactose-fermenting colonies from the selective
plates were picked for biochemical investigations.
A single colony was inoculated into Kligler iron
agar and lysine-indole motility media. The tubes of

Vol 28 No.1 March 1997



SALMONELLA ENTERITIDIS OUTBREAK IN SINGAPORE

biochemical media were incubated overnight at
35°C. A loopful of the overnight incubated Sele-
nite F broth from each tube was inoculated onto
MacConkey agar and Salmonella-Shegella agar.
The plates were incubated overnight at 35°C and
the following day, suspicious non-lactose-ferment-
ing colonies were picked for biochemical investi-
gations as described above.

When the biochemical reactions indicated the
presence of Salmonella spp, it was confirmed by
slide agglutination. A suspension of the isolate
from the Kligler iron agar was mixed with a loopful
of polyvalent O antiserum on a glass slide. If
agglutination occurred, the process was repeated
with the polyvalent H antiserum. Positive aggluti-
nation confirmed that the culture was Salmonella
spp. The culture was then serotyped by the above
agglutination method with the various antisera for
Salmonella (American Society of Microbiology,
1994). Antimicrobial susceptibility testing was
then carried out on Salmonella spp isolates by the
disk diffusion method (National Committee for
Clinical Laboratory Standards Documents, 1993).
The antibiotics employed were ampicillin, cef-
triaxone, chloramphenicol, co-trimoxazole and
ciprofloxacin.

Plasmid DNA was obtained using the modified
method of Birnboim and Doly, (1979). Agarose gel
electrophoresis (AGE) of the extracted plasmid
DNA was carried out in 0.7% agarose in TAE
solution (40 mM Tris-acetate, pH 7.9) at 80 V for
two hours, with RP4 as a reference plasmid of
molecular size 60 kb (Lanka ef al, 1983). After
AGE, the agarose gel was uniformly stained in
ethidium bromide solution (0.1 mg/ml) and then
visualised on an ultraviolet light trans-illuminator.
The stained gel was photographed using a Polaroid
MP4 camera with a red filter and type 55 Kodak
film. Further discrimination of the plasmid DNA
was achieved by complete digestion with restric-
tion endonucleases EcoRI and HindIII (Boehringer-
Mannheim, Mannheim, Germany) which were used
in accordance to the manufacturer’s instructions,
followed by AGE to yield restriction enzyme frag-
mentation patterns (REFPs).

RESULTS

Of 764 inmates given the questionnaire, 635
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(83.1%) responded. Of these, 188 met the case
definition of food poisoning, giving an overall at-
tack rate of 29.6%. The clinical symptoms were
diarrhea (100%), abdominal cramps (90.4%), fever
(78.7%), vomiting (26.6%) and nausea (48.4%).
The median duration of illness was three days.

S. enteritidis was isolated from the stool cul-
tures of 12 symptomatic inmates. It was also iso-
lated from 23 (3.8%) of 600 rectal swabs collected
from the inmates, 4 symptomatic and 19 asympto-
matic. There was thus a total of 35 bacteriologi-
cally confirmed cases (16 symptomatic and 19
asymptomatic) in this outbreak. All the food han-
dlers, were free from Salmonella infection. No
enteropathogens were isolated from all the food and
water samples.

All the 35 S. enteritidis isolates were of the
serotype profile 0:1, 9, 12 and H:g, m (antigen
phase 1) and sensitive to ampicillin, ceftriaxone,
chloramphenicol, co-trimoxazole and ciprofloxacin.
Plasmid profile analysis revealed the presence of a
60 kb plasmid in each of the 35 S. enteritidis
isolates with REFPs of this plasmid, as generated
with EcoRI and HindIII, proving to be indentical
following AGE. This plasmid probably corresponds
to the serotype-specific virulence plasmid (Platt et
al, 1988).

Analysis of the food-specific attack rates based
on all the 96 different food items served during the
period 24 March to 26 March 1995 implicated
lean pork cubes served for dinner on 24 March and
ground luncheon pork served for lunch on 26
March. Cases were more likely to report having
consumed lean pork cubes than non-cases (OR
10.95; 95% CI 6.35 - 19.10). Cases were also more
likely to report having consumed luncheon pork
than non-cases (OR 22.45; 95% CI 10.83 - 48.15).
Stratified analyses showed that cases were still
more likely to report consuming luncheon pork
than non-cases after controlling for lean pork cubes
consumption (p - value < 10% Mantel-Haenszel
weighted OR = 14.33; 95% CI = 6.20 - 33.15).
However, cases were not statistically significantly
more likely to report eating lean pork cubes after
controlling for luncheon meat consumption (p =
0.8; Mantel-Haenszel weighted OR = 0.83; 95%
CI=0.13 - 5.13).

The lunch served on 26 March 1995 consisted of
steamed rice, luncheon pork, corned mutton and
brinjal. About 50 cans of luncheon pork were used
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for the preparation of this food item. The contents
were emptied into a container, sliced into small
pieces and then left uncovered at room temperature
for at least 4 hours at ambient temperature before it
was warmed up and served.

The median incubation period based on the lunch
served on 26 March 1995 at 12.00 noon was 19.3
hours, and ranged from one hour to 77 hours. The
majority of the reported cases (73.9%) became ill
12 hours after consumption of the implicated food
(Fig 1).

Environmental investigations showed that the
kitchen where the implicated food item was pre-
pared was not well maintained, providing favorable
conditions for cross-contamination between raw
and cooked food. Food was allowed to be stored at
ambient temperature for prolonged period. All the
food handlers had not attended any basic food
hygiene course. None of them admitted to any
recent episode of diarrhea.

DISCUSSION

The incidence of foodborne diseases in Singa-
pore is low, mainly due to the high standards of
environmental and food hygiene (Yew et al, 1993).
However, outbreaks of food poisoning, shigellosis,
typhoid and cholera had occurred in institutions
where there were lapses in the personal and food
hygiene of the food handlers in the kitchen (Goh et
al, 1987), or where the personal hygiene of the
inmates was poor (Goh et al, 1990; 1992). Out-
breaks of foodborne disease in institutions are usu-
ally explosive, as in this outbreak.

Molecular epidemiological data confirmed that
this outbreak of Salmonella food poisoning was due
to infection from a single source, as evidenced by
the identical REFPs of the isolated 60 Kb plasmid
extracted from all the 35 S. enteritidis isolates. Epi-
demiological investigations pointed strongly to an
association between illness and consumption of
luncheon pork.
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Fig 1-Date of onset of diarrhea of 188 cases of S. enteri-
tidis food poisoning in an institutional outbreak in
Singapore, March 1995,
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The exact mechanism by which the implicated
food was contaminated could not be determined.
We have no evidence that the imported canned
product was contaminated at the source of produc-
tion, as there were no other reported cases of sal-
monellosis associated with the consumption of this
food item elsewhere, and no enteropathogen was
detected in an unopened can with the same batch
number as those served for lunch on 26 March
1995. No Salmonella bacteria were detected in all
the other food samples tested, including shell eggs.

Our observations on the personal and food hy-
giene practices at the institution’s kitchen sug-
gested that the implicated food was most probably
contaminated during preparation and storage. The
preparation of luncheon pork involved consider-
able handling. No specific food handler was as-
signed to slice the ground pork after it was emptied
from the can. As all the food handlers had not
attended any food hygiene course, they were not
aware that special precautionary measures should
be taken to prevent cross-contamination, which
could occur through the fingers, kitchen utensils
and work surfaces (Humphrey ef al, 1994). As the
infective dose of Salmoneila bacteria is lower in
high-fat food (Blaser and Newman, 1982), such as
luncheon pork, minimal contamination of the food
followed by subsequent storage at ambient tem-
perature could result in epidemic transmission.
Subsequent warming to temperatures below 60°C
prior to consumption would not be adequate to
inactivate all the organisms.

This outbreak would not have been recognised
were it not for the vigilance of the microbiology.
laboratory. Subsequent epidemiological investiga-
tions and prompt implementation of epidemic con-
trol measures comprising surveillance of diarrheal
cases, rectal swabbing of asymptomatic inmates,
isolation of those found to be infected, and strict
enforcement of a high standard of personal, food
and environmental hygiene among the food han-
dlers and inmates prevented further transmission of
infection in the institution.

ACKNOWLEDGEMENTS

We thank Dr D Ng of the Department of Pathol-
ogy, Singapore General Hospital, for her assistance
in the isolation of enteropathogens from food sam-

Vol 28 No.1 March 1997

ples and Mr KS Neo of the Quarantine and Epide-
miology Department, Ministry of the Environment
for analyses of epidemiological data.

REFERENCES

American Society of Microbiology. Tsenberg HD, ed.
Clinical Microbiological Procedures Handbook, Vol
1.1994: pp 1.10.1-21.

Australian Salmonella Reference Centre (Adelaide).
Monthly Surveillance Reports, 1994-1995,

Bartlett CLR, Davies JR, Gilbert RJ, Roberts C, Rowe B,
Smith JWG. Memorandum of evidence to the agri-
cultural committee inquiry on Salmonella in eggs.
PHLS Microbiol Dig 1989; 6 : 1-9.

Birnhoim HC, Doly J. A rapid alkaline extraction proce-
dure for screening recombinant plasmid DNA. Nu-
cleic Acids Res, 1979; 1513-23.

Blaser MJ, Newman LS. A review of human salmonello-
sis: | Infective dose. Rev Infect Dis, 1982;4 : 1096-
106.

Centers for Disease Control. Increasing rate of Salmo-
nella enteritidis infections in the northeastern United
States. MMWR 1987; 36 : 10-1.

Cooke M. Epidemiology of foodborne illness: UK. In:
Waites WM, Arbuthnott JP, eds. Foodborne illness.
London, Edward Arnold 1991; 16-23.

Coyle EF, Palmer SR, Ribeiro CD, et al. Salmonella
enteritidis phage type 4 infection: association with
hens’ eggs. Lancet 1988; 2 : 1295-7.

Department of Pathology, Ministry of Health, Singapore.
Annual Reports, 1964-1994.

Food and Drug Administration Bacteriological Analyti-
cal Manual, 7th ed. Arlington, VA: AOAC Interna-
tional 1992 : 51-69.

Goh KT, Lam S, Ling MK. Epidemiological characteris-
tics of an institutional outbreak of cholera. Trans R
Soc Trop Med Hyg 1987, 81 : 230-2,

Goh KT, Teo SH, Lam S, Ling MK. Person-to-person
transmission of cholera in a psychiatric hospital. J
Infect 1990; 20 : 193-200.

Goh KT, Teo SH, Tay L, Monteiro EHA. Epidemiology
and control of an outbreak of typhoid in a psychiat-
ric institution. Epidemiol Infect 1992; 108 : 221-9,

Humphrey TJ, Martin KW, Whithead A. Contamination
of hands and work surfaces with Sa/monella enteri-
tidis PT4 during the preparation of egg dishes. Epi-

89



SOUTHEAST ASIAN J TRoP MED PUBLIC HEALTH

demiol Infect 1994; 113 : 403-9.

Kantama L, Jayanetra P. Salmonella enteritidis outbreak
in Thailand: study by random amplified polymor-
phic DNA (RAPD) analysis. Southeast AsianJ Trop
Med Public Health 1996; 27 : 119-25.

Lanka E, Lurz R, Furste JP. Molecular cloning and
mapping of Sphl restriction fragments of plasmid
RP4. Plasmid 1983; 10 : 303-7.

Ministry of Health and Welfare, Japan. Salmonella,
Japan, 1992-1994. Infect Agents Surveill Rep 1995;
16 : 1-2.

National Committee for Clinical Laboratory Standards
Document. Performance Standards for Antimicro-
bial Disk Susceptibility Tests, 1993; M2-AS.

Platt DJ, Taggert ], Heraghty KA. Molecular divergence
of the serotype-specific plasmid (pSLT) among
strains of S. fyphimurium of human and veterinary
origin and comparison of pSLT with the serotype-

90

specific plasmids of S. enteritidis and S. dublin. J
Med Microbiol 1988; 27 : 277-84.

Rampling A. Samonella enteritidis five years on. Lancet
1993; 342 : 317-8.

Threlfall EJ, Hampton MD, Chart H, Rowe B. Use of
plasmid profile typing for surveillance of Salmo-
nella enteritidis phage type 4 from humans, poultry
and eggs. Epidemiol Infect 1994; 112 ; 25-31,

Wong SSY, Yuen KY, Yam WC, Lee TY, Chau PY.
Changing epidemiology of human salmonellosis in
Hong Kong, 1982-93. Epidemiol Infect 1994; 113 :
425-34.

Yasin RM, Cheah CT, Jegathesan M. Human salmonello-
sis in Malaysia for the period 1989 - July 1994.
Southeast Asian J Trop Med Public Health 1995,
26 : 457-60.

Yew FS, Goh KT, Lim YS. Epidemiology of typhoid
feverin Singapore. Epidemiol Infect 1993; 110: 63-
70.

Vol 28 No.1 March 1997





