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Analysis of Problems of Food Service Establishments Contributing
to Food Poisoning Outbreaks Discovered through
the Epidemiological Studies of Some Outbreaks
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Department of Public Health, College of Natural Sciences, Keimyung Universily,
Taegu 704-701, Korea

ABSTRACT - The main problems contributing to food poisoning outbreaks in institutional set-
tings and a home were reviewed and analyzed through the epidemiological investigations of food
poisoning. The major documented factors included improper holding temperatures, inadequate
cooking, poor personal hygiene, cross-contamination and contaminated equipment, food from un-
safe sources, failure to follow food hygiene policies, and lack of education, training, monitoring
and supervision. Usually more than one factor contributed to the development of an outbreak. (1)
Use of improper holding temperatures was the single most important factor contributing to food
poisoning. They included improper cooling, allowing a laps of time (12 hours or more) between
preparing food and eating it, improper hot holding, and inadequate or improper thawing. Food
thermometers were not used in most of the instances. (2) In inadequate cooking, the core tem-
perature of food during and after cooking had not been measured, and routine monitoring was
limited to recording the temperature of plated meals. Compared with conventional methods of
cooking, microwave ovens did not protect against food poisoning as effectively. Centralized food
preparation potentially increased the risk of food poisoning outbreaks. (3) Poor personal hygiene
both at the individual level (improper handwashing and lack of proper hygienic practices) and at
the institutional level (poor general sanitization) increased the risk of transmission. Person to
person transmission of enteric pathogens through direct contact and via fomites has been noted
in several instances. (4) Obtaining food from unsafe sources was a risk factor in outbreaks of
food poisoning. Food risks were high when food was grown or harvested from contaminated
areas. Possibilities included contamination in the field, in transport, at the retail site, or at the
time it was prepared for serving. (5) Cross-contamination and inadequate cleaning/handling of
equipment became potential vehicles of food poisoning. Failure to separate cooked food from raw
food was also a risk factor. (6) Failure to follow food hygiene policies also provided opportunities
for outbreaks of food poisoning. It included improper hygienic practices during food preparation,
neglect of personnel policies (involvement of symptomatic workers in food preparation), poor
results on routine inspections, and disregarding the results and recommendations of an in-
spection. (7) Lack of formal and in-service education, training, monitoring, and supervision of
food handlers or supervisors were critical and perhaps neglected elements in occurrences of
food poisoning.
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Table 1. Outbreaks of food poisoning in schools, dormitory, day care centers, hospitals, restaurants, communities, and

home

Outbreak Date Community affected Number ill Food incriminated Pathogen
#1 May 1990  Elementary school 100+ Ham S. aureus
#2 Nov. 1990  University dormitory 787+18 Deli and hamburger bar  Norwalk-like virus
#3 July 1993  Day care center 14 Chicken fried rice B. cereus
#4 June 1991  Elementary school & kindergarten 21 ‘Watermelon S. javiana
#5 July 1995  Child care center 24 ? E. coli O157:H7
#6 July 1996  Elementary school 5500+ ? E. coli 0157
#7 Nov. 1996 Community 200+ Meat pie E. coli O157:H7
#8 July 1990  Hospital 10148 Beef rissoles S. enteritidis
#9 July 1992  Community picnic 21 Roast pork S. typimurium
#10 Aug. 1978  Hospital 106 Chicken C. perfringens
#11 Dec. 1992  Restaurant 37 Salads Unidentified
#12 July 1993  Hotel-catered wedding reception 79 Quiche B. cereus
#13 July 1993  Home 5 Hamburger E. coli O157:H7
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o oleh. oleie B9 F2 ojzlolsh welSol o) 2HdE)
£ A0 yehba ek
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DA Z21H9 24 2 A7 BAE) Ba
vk Qeael AR A FHL AL w3 o
YA, AEY BEAE B ZAEPAGEOZ 39L)
59
o
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B

thh Aol HFH wE@Hg 3 AoF Hof glony,
oko] a0 7 B oM Hx AbY Aldl25E 27)
o] A Follo} w2 A HFA diAMrt AU Aoz v
Efvta 9]
Akl 7. SootlandQl Bt X|HALS|0IA WAlSE Escherichia
coli O15T:HT AE&"

1996130 129 49U7+%] Scotland Lanarkshire 2] & oj A
Escherichia coli O157:H7 21&% Al 0 2 2009 oji}o] &
e do g 6%o] Attt Scotland B =0] B3l
dioll 2)31¥ 119 204 5€ 224 Alololl 7Hd ®e 2Alo]
AN T £ AleUlAL F S o)d F& o]
o gle Acz dAushu ool thHsknA s

19 239 #FRAYIATL of el e sohHel
FFE AREL 2ANE Fohion, ol geduol
EEadth. Az AYolAE wolstolel o]

(gravy)oll A E. coli 01570} A AT} 1 Fo] A= o
714 FFE AFA7A o= Ao, 29 H AFS Fof
Stz W o] MY FHEAME o] Udte] A
o} 11€Y 269 FAIRE S 999 A|Eo] olu] Lanarkshire
o]9)e] thE AHAE e AL 2AF 2 Forth Val-
ley ]°d°ﬂ*15 AF= o] R nEHATH

4 279 Scotland®] EE #BAZZT B FFUAAA
A 11«]6}]745*_(f00d hazard waming)7} 2& %] 0.1, o] ApHd
o] 2ol HFHOoZHE AFS WS pviHe] Bl
7 2gdo). AaE wy] g8 2E 7Hsd el F
A5 o, o] A WA BAE FALE 7} BT

- AFE B tig AEE A} AT o] 27
Al7

WHE A7 o) Bl E 7 2191 4F Robd & Aich
- AFE A Sl ARAAT 23 Ack: 3
RAAE olgsiol 4ol 43T AL B - sl Ao

2 FAG Aol FUY ATOR HHRAL o]
1A ﬁ

4E @ 1SS WA Rotn, FEYE

Al 8. EEL-IE-MOIIA-I YMSt Salmonella enteritidis A
=5

1990y 79 11—~13Y F 2] 300849 $F HdollA 4
ol wraatth. AelA 10183 24 8 S}
oo o5 BEI} Saimonellad) 7FRAE Ao =2 vhelyt
o} A} At 37t TR (Eke] gAel 7], Ak 1=

S)E 71Be B wol ®Y)

A wol EHM H2

(deep-fat frying) Z2] #Ao| AF% WA wjH7} A A
o 2 el th(relative risk 2.92, 95% confidence interval
1.73~4.93). ©] &4;7] R 79 7Y Eold ¥R ¥
74 1094 viA e HAHME W £& 1312 xed
AN 7], AZENE@EAGE MEF ), G2, ¥ ¥
oy m1Ejm AgZR Ao He AAHL 7)FE ol &
o}, olg o2 wA T8 It 1831 vt
o Hol o E7tA %‘X}J’ﬁ“ 50 —r?i‘:} HZ ool
50704 H ok ezt Fof A
A9 Aoz yehdrl @ BHe —‘v:-% “.’}%‘1] s
wHo| uhg Bkt e fd’ B A WA H 7
o] WF AAA HAAA HIEZ 35t YA
< A A F aRg HE W g #
ek AR e Bg & APste] A }Eﬂ 2 @1]', —‘?*]7'
2o £EE 142~154°CHoH, o] &
~95°CH ot FARY LEE v 4660 caic}
SAE ZARE At ol ReMI fd]leleta Azt
0] A Fo] WA 2] ghokrh. et Frbe doldd ez
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nE

- AIZE #E)7) w9 Fadich v e AR Ui
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- SAE HF 2 =AA i AFL L 7
AA £go] Ptk THEE wE oA L oA FElE] B
o] AFE WAl Y& MEFe o shiy £2 Fd
o] & & 9t
Al 9. OF2 LY SISt Salmonella typimurium
AlEEY

199213 79 28 ul= AlaskaT 2] JuneauX|WolA v}
3] =Y (community picnic)oll 7P AlFEARAA AF
So] 2Tt A7l 549 g case-control study et
P galg hFo] We 177hE 60Wo )t retrospec-
tive cohort study & =83} r}. 12~ 724|710 HARE do
70 AE IR FEte 2AREE A3} WashingtonF
Seattle Z5-E T8 T vlgle] sA1r] Fol(B22E X
=, roast pork) & 3] EAE T A(pig 2)F HL Aol
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o] AFS wAT Awe] YUTh o] ZAE FAS We
AFRE 430|90m 11 F 21 (49%)0] 2rE 3t ch(rela-
tive risk=8.3, 95% confidence interval 1.2~57.0). 30%H-&
A7t E A& HAew 2 F 1082 vlo]AR ol @
E(microwave oven). 2 A7}Lsled wiglon, ojE 109
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kA ekttt
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2ol A] 2417t Ft B F et shaB 2 UM ERiT o
o AEE LEAR AEEA ke, B vlelpig 2%
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dlo} ey ol WA T WAL FHE AEol
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& 3090t RE FHshe 250709 Hi ojge
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ebel] 2 ERATE AT pig 2v WAH R G2 A A&
A 17~2072F AR Aol ok W FA 1439 of
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25Utk EA49] SAA et 2AF DA o] 9l
ool LA Pkon, 22E ¥ A (pig 2)% HA ok

8 4 gtk
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- RHA HE PHE AFEL oPIT £ AUtk A5
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a7t 2 4HBS FEAE Utk LEAZ ALEske] 34
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3$ 102 7 5 WY nastlst v
2 yel vaw wolw gtk AFHS

& AFEG sk 34“01 X] 35}‘4
ARl 10. ZIEHSA 2 ERIZAD0IM WS Clostridium
perfringens A&

Gl 19749 o) F HdHoz LAY Clos-
tridium perfringens 2155 Fol|A] lecithinase(o-toxin)E Y
AehE BEY dFde 9 of TAE AR ¥
(lecithinase-negative) T30l o1&t A%FE Al#E Aeldld

7 on4el 32 Avngich 1070 24 A 2e
H, 2 AU 17] B 7MEFEA B dFes 9
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A8k ol 40°F(4.4"C)°ﬂ S~16A17+ $<F 4 Fsherh
= olelgh 3 Fol oA WS AASAT. A Al
 guvlst AME el wAg g o]d](gravey)E
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6~24A12F Fofl AL Lo ).
nE

g Bgt"% HFEE oI Atk A Lol
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7} del=g 358 of gol He Aes vehstew(odds
ratio= 3.5; 95% confidence interval 1.1~11.4), ®2$} whipp-
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FAlelE AATFES A A7 ok e R e
Aol e AEsiA AAT 5 fcke AEE BEE
e 9l
-~ HRAF A Aol HAERAE AR A edr): o]
155 Aol M= w7 Rels 2] e, 7ol
53t AstEAL Aol M= Ohet Ho) e G4
7HEIIE e 1ge] vhe Adest 9
uebdtt B A3 Q) # Ao} XA X of gt
7782 k& 4= glt.
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AtEll 12, &4 0|2H0|M WAISBE Bacillus cereus |
==

199313 79 149 v|=2] Mississippi State Department of
Health's Office of Epidemiologyol 1420 o] AF=§ Yo
71 Barh A%t o5& 79 10Y A& HE A A
st om olE2 & THldiM 2ed S48 HRlth ol &
g FE B 2R 94 U E ANd 297t UL
U 69 29%(0] F2A 14 1Y) UAAD A7) AL
Al AR Abge] disiAl A A WY e g vt A
A AEE ARHAER] YN ER, AGS AFRIE AU
&2 g, 281 %A PIALE Folnt.

o2 FAA FollA 1369 (96%)0] Ak =3t T
AR 9% (58%)0] A2A H4& HE F 48A12F o]
of TE EE HAE Yehfo] #uAE Y 10
Helol WSk 1L F 182 Yty 3y g XE
woteh izl 1M o2 RE] S AHsIAoY B
of BalH= gdrt. ¢ &2 FlAl 7141 (quiche, X
, Bﬂo];’-} sto]o] AFVE wiU¢st A3 Bacillus cereus7}

ZF(>100 cfug) HEHUJE A AR Z2E dH|Z
(ro‘clSt beeft 1A E HE Al o]F 2R & Abgel
v A ¥ Eo] 1.48) =T} (relative risk= 1.4, 95% con-
fidence interval 1.1~2.0). =3 A EA A3 7|A7} EAH
oz felahAl o Aol AUES ¥ Ao vehdrh
Z Rzt Bt Blste 28 o)4Fe] 71A1E 2 A
© 2 et odds ratio = 2.2). z2u} 795 o] Wiz F

o A 448 (56%)ro] 71AlE HA

79 1420 T B AN Hze) Aol A4
HAW Alglo] /AR ¥ AoE H AT JAMS =
2E HZZ 23 4AL A4 A BF Adl
Al AU 22E B]Zg JIAE RAREY oF
(warming oven)#} 33 4o WA vl LA} AME
A e o] WAREEAE AFsr] Aol BF
of #A BAa7] A %) AFHAE FU™ Aol
nE
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M D A A= o} gttt o] AFE AldAME AEAL
ol A AHE Al F AG ARRE Al H BeEkA] gn
FAEE S W AESE o|E + doe 848 FAE
EEES N

- A4 S|t B Ee) A& AR 24} Basiek
of ARlsl A A7) SlAZEALIA R 8 Aol A4 HS
Aol e FEH DA e 217} ol Fox|x) sk
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AR (Bacillus cereus)ol T}0 2 AE S} u]2 Wz}
FolA 44nto] FINE HAAT F Wuixl= 7980l
o & wHaE F 56%9to] Uole] ® 2418 gy
o U A e RE e A E 7t W2}9 4 (cross-contaminat-
ion)© 2 Qlate] WElgel Ao A
Al 13. Z1H0|M YAIB Escherichia coli 0157:H7
A=gE
19931 d 79 12 v|=Z CaliforniaZ:2] Fort Braggx]< 3
Wl A&l Escherichia coli O157:H7 7ol 134 Ay
9] AFE At Basdch HgelA wE @A o
w14 “a””?f}‘?ih“ﬂ ol 7FgolME g o]EA QT 4 07“

=3 v
s

)
2

F

AN A 2 HuolE FAAYT FRAED oA
(medi- um rare) W84 71 TESIT o] e AF 57 w

7 EABIA o™ of &g T ojmuE WH S wetth
7Hel ok QIR 3715k WHAE & Eol N, 2el7 A
S99 YR 17|oA E. coli 0157:H70] 2355} FA}
A5t o] A%l YA 1715 ARolx S ARz
Zolzl oAt of A& E 1EIHE AR 8o
A g1 f2E gEdA g 278 "k e 8y
o 718 Bashs Wyolu ke W e FYWE e
i RS ‘45}""4 Zelv 7iel o 29 2 A
A L R R R U =
uE

Ol

T2 HT)E AR F2 SAYAA By

—_

Mz
He Aol ARG 28y o] Al E AAeME 1
718 @ ¥ wow o] AFKo] MY 5 Jui b
vheb L Slek.

- AE50) e A3y mur w7t gosjch o
zgd /= *ﬂ%‘—%—% of7l¥ # erpe wrE 22
51 98 HEE wg 2 Tut %fm}ﬂ% I ol& HAs}d
oF g}

- AEHFol A o] Fol Mo} STk A 5ol A

we 45'.4 S CEECNER T
Fol WHe ¥ BA)oR ol 23 29 opy)
2 7h5 4

Fotsl= weln} 2RIN
ovu AllE2RE s
JEHE 455 249E ok aq)
%} T UM A Zhzke] 29lol wR o2 AFE Alne
do7)E Rurhs @717 ol el 22lo] Bislo] oy
= Aol B3 4FE wae] AYHoE r|oda-
kAl Q1E] ks 4 9lglon o]2 Xe)ab™ Table
29 2},

_h, J}n:

L2z #2lo FR

- FAAE e A AUNY AS 5L B 5 Se] NFE At oA 71 Wol Yelid BxHos
ek Bl =l A3z o) R742) E. coli O15T:HT AZ5e 27 = 2% A7t AZ AR 2] Zatgw Hojok o] 4
Table 2. Factors that contributed to the outbreaks of food poisoning

Main contributory problems
1.:00(.1 Improper Failure to follow Lack of
poisoning holding lnadeq'uate Poor p'ersonal Food from Cro'ss-. food hygiene education &
outbreak cooking hygiene unsafe sources contamination L -
temperatures policies supervision
#1 X X X X
#2 X X X ?
#3 X ? ?
#4 X ?
#5 X X
#6 ? ? ? ?
#7 X
#8 X X X ? X ?
#9 X X ? ?
#10 X ? ?
#11 X X ?
#12 X X X ?
#13 X ? X
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2oz vl g BE L AF 2R FHEGEA ¥
Aaha) odgte B AR W), ZYILE AH A &
A Azre] 3 F1242 o) Aol M HF EE WA,
2 B 5% BRAEE 4L aAztA] 60°Colde
2 A AL sl ol A7IA AkE), 22l FHA
& 0z R LA A AR ) R 2R
E AL d1%) B0 Uehdth &% #elo 2
ze gy gdo2NE 7 thishs 2Al2 ekt
ol9} HEo] AEL LEAV ALRER] ¥e A7 U
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2. FEFS X2
2R 227k AFS ol 7ligel QolA £A7E

gE 4 o) 2257 Wel HANR 9Fo] AN
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J3nzole RN 27t ARl AFEE QoA

3% U

9@ zeldle 7 BAY F Y AN 2%

=

oY M

fr 4o 4o @
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g $74A) 2”lo] Also] ok RE F4ES B
2 AHEAY $ QE HAEE LE-A7 Mol gl ZHE
of 3}, 53] S4B AR} HAME APEAZE F 3
=9y e ¥ g7z F83| 25 ¢ Al
AZzEo] W A5 Bakrhrta 8). xel el 3l
He AFHe za WHE ol&slel A& WRAA
A3 A z2shd ol Salmonella 52 HYA-E APEH
= 7oz Uehdth ey A48 vle] A2 o] B 22y
o TS qy\zZd EAsts HATS &HE AAE
S g Ao Yehdrhrta 9). & ol wet 4F T
of A F Y= Aol s £4E AHATI7IE o
He 7oz Bolth zed £t e §24E vloja 4
olmz As Artdats AL £ ul$ Agste] HFF
& o}71AZiw Aolth Hl ¢ AEE 9y SAHUSA L
pEE FRe AT APEAT7 FREA ad 2ol
o} @ 2E Fee A4 2o 9 2 988 2
2 AR 17 2).

3. JHol9lAln BzeIMEiRlol BE A MY BE

gre) 4% ABolA AAARE A HF5 2
o 27 Bolshn S-S AT uh F PRl Wt
o) 2eARRE SARL, o $HBRYE O A
oz Ass|dd Aotk ® Aol AHYE 2
AR, T T A SRl 9F AY WAE Fa
@ AR HT o2 RE AAH & AN, 53 ANE
o AFsham A, 2w SR g F 2 AR el &

W7| Fol o] Azl @ AFHe] AL A2ATE o
7Rl BE % 4 AT A2 ob7] 7 AHE AR
ezl gaeh AESER ARe wEA &8 BRI
A AR EE gBolu BT $9 sgaell g 7]
s A AES Aok e A AT £ AT
Aol 2w 4B BHe) AFE AdiAe &
£ 25899 A7k 2ol Folg ol B eln &
W& E. coli OISTHT 435 Aolde #4718 A%
9 AAER wske AR AAE The P e
@A AR} IR Aol B3 AR oAt SR O
A BN 7B R ATl JBFSlol FE 1

SERE

4. FHOIMFE] HHBX] Rt AE

QhHskA] £¥ EARFE 2 AFo] AFHe LA

Jodskn sick ol Asl R A, AY R BE, 2L &
2o} Bgel M Qo] @AY, BE LFAHAN 8

N

g4

48 zelg Foto] Za £ I¥ AAL 5 Aok ¥

Q@A) A LAE Salmonella N FF AR AME YAR

Algo] AarozRe on] g 2@ AN

2, 2YFANH S5 APATGE AL 4E
At 258w 2 FAAAM EAGE Sal

monella 2155 A& kel g AA A AH WA

30 ox o
e Ho

o

Zunbo]] 9] 3t A=A YEIER] EA
Uz nEe 22 AA3N] YE A
o] @ A7t Yot

5. oois AN Al ¥ BReH

oolg gu), uE, 2 AN FARYH FEE S o
3 o] 7by WM AN EE aQlelth e A2
o= 3% oodo] £a gtk AE 54 BEE B
pe gtk 2HQds 28, fe, 4F0)E, 28
Sepagoz wE §7) Sol A dFEEYY) 9E
SERLEPSEREERESESLEEEE S0
AEa gozM, wE AL - A7lel BHEE A3
Az wAe el B ol7lf: 97t o Bk AE
JzAEY SA)eIA TR AFF ARG B
uas ol wlatel 26 ol4te) Rl YEEINNE B
102 etk 1oy 799e) WA FolA 56%2)
saminro] 71412 WY} ol AL WL AL HAFE
oot
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feoaxowd 8 kl do

N
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6. AEQIMTEIS) o)

435 A Folt 2AFAE NE 2L 4ol
A ALATIH REOTH B o) AFEo] BT A7}
UAATHALA 2). & ZelAl 44 £HE FroA ghgow
Az} AE 4FEE Do) 247 ARTHAR 8)
olsh B AFEE 53 AP BAL BE AEAYBY
Ao} 228 BeUYRE shtolut A AR R
& ¥ & AAn B FAY 250} @ gdsd
oel% AeHE ZAlshE AAE 2aolo} gy,

B0 waYRel 7] ANUAE B §AY 22 ol
£ AFF0] WY A7t AATHAIA 11). £ 947}
o A AFE Y R AR oba] AFFol wae
AT AATHAL 12). A4zl SA7} 18] Lekt
T E A AR RE ¥Ean] $AZ AFu

% 8]lo] YaEe Holu girk.

7. UK B, FH, AA| U UK £5

oM nZE BE AFE A S e ds T A4
A &48 T3] A8M ZE B 208 g3 w
5, 3R, 4, A, a2 n 2ol drhs vt 2 et
W glch. 3 2 E3HQ) & HHE AR drst ¥
|, ol F 7hA] BFd oM m&glofel FrhAla 5).
& olZle] AAR A A A D ZEsoF & Yool
A Hupah ge zhdd A@so] Bad AEHFR
ol oJ8iA Motsl7) WEolct. 3 2o} vy L%
ZAIHojof Y. o= 53] LA o] FulHo) ujA 5 )7}
Ao} Aol AU e W F2 YehtE ZAA

HEHEA] ARE 8L AANES QUG A2 7
AR Geatgnh & ARAR & MY, A E PEehe
kol cigt A, AF A4S HF, nad 28 ¢
WA F AFe Sxde] A, AJAAY Foll thate] A
S T8 A et Hade 4 AU #E 9wk o)
FTAAE HF5S st £ 242 284 vyt A8
ST 24490 TR who] W Ao vhehych

WEeks 3 Aied
L &S5 3 BH 80| HRSICH

$-g vete] AFE B BAE A&Hog, Ao
2, 281 AHH Fdos relsjo] o]Rojzio} sy
S7E ofof gt} of = A HALF AU AFE wrado] T
ZAE NES A2 T AHH)E HYH o=
el g BE AlgolA o) U A Zobay outzx
9 Ak At AHSEE slEd Yashg o=
T AR FAR so)F HS welgle] AEodyge

o Zstsla, 1A 4 #2858 AYsin 1 e oM
g Z2Asted 3A 548 £ F ot o]ARR) g
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