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A Study on Enterotoxigenic Escherichia coli

Detection of Enterotoxigenic Strain of E. coli from
Diarrheal Children and Normal Children

LEE, Young Nam

(Dept. of Microbiology, Yonsei University College of Medicine, Seoul, Korea)

ABSTRACT

Escherichiae-like organisms were isolated from rectal specimens of 56 children
who were either in preschool age or in elementary school. The isolated strains
were subjected to tests to screen enteropathogens producing heat-labile enterotoxin
and susceptibility test to various antibiotics by disc diffusion method on agar
plates. Production of heat-labile enterotoxin by the strains was assayed in the
sensitive and reproducible cultured adrenal tumor cell system. The assay was
possible by observing change of cell morphology and measuring degree of
steroidogenesis of the cell in the presence of heat-labile enterotoxin. Among 56
strains, gave positive reaction in the test of toxin production. This meant that
about 10% of the children population objected to the study harbored the toxigenic
strain of enteropathogenes. Some of these toxigenic strains were resistant to the
antibiotics employed in the test. This study suggested that considerable population
in Korea may harbor enterotoxigenic E. coli as a part of intestinal normal flora.
The toxigenic strains which are resistant to antibiatics may bring an issue of public
health in the future.
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]l oA Exwt (Rowe, ef al, 1970;
Shbre, et al 1974; Merson, et al, 1976;
personnal communication with Hernandez)
AT Fo ZFqH Fate] €Al
Ba=la §lct, (Rosenberg, et al, 1977)

HAE] ANELe 2 3 AP
Hide H4FY FHFLE Do A%
74 Axel ohel A4l S (heat
stable toxin, ST)s¢} o] Aol = 4 (heat-
labile toxin, LT)Z F¥=v], 4oldAE
dosle & F2 A S48 Pulst
© HAFTToIL, 4 Ml ojdAal
F4£F Poldte AT 98 Aoz u
asle] 9ich, (Washsmuth, et al, 1976).

R oldH4d g% FA AAFL
Vibrio choleraes} 3-w|8l: 3l Ay s
&9 g%k zele}Fol i gz A0y B
¥ Fol A8 (Gorbach, 1970; Etkin, et
al, 1971; Carpenter, 1972), uj=-F< o]
AT G SLE 2589 Ay,
A Y, sdgddAmds fARHA
°] e Hez ¥ =lo glck, (Carpen-
ter, 1972; Sack, 1975; Schenkein, et al,
1976).

FelebEe] AW F45 AA 29 adenyl-
ate cyclase?) gL 2, =z Az} A
2o cAMPY] ¢ F7HAA dF o 4
2 AN &g obrlAd FAY #4E
2Ate Y5 o7l (Carpenter,
1972; Guerrant, et af, 1974) o A}F2] o]
SAAWEL(LT)E 74 U9 adenylate
cyclases] ¥4 & ¥z, 2 d3t AMPY
kg Z7}4 7)o (Evans, et al, 1972)0)
24 cAMPd o3 A e 2E Az
A 7l%d WHEE st 2oi(Kwan and
Wishnow, 1974). & o] =zF2] o|d Al Ay
Fae adet AN Fae visd 4
ARk o AAE dosn U A
o2 323 (Dorner and Mayer, 1975).
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~244) 7}, 37°Col A W oFRt F 7t7) uf ofo)
% eosine methylene blue 4 ¥Wzld =
U F oA N, AFEA Jde Qe
% ol & tiA] Mac Conkey agar plate ul
nutrient agare] YA A Fde Eg A
Tg Ao, & A EE ¥ Reld #
% triple sugar iron slante)] A %3 3
37°Cel| A} 18~364 >} w] oF, slant®] 2F3-,
B, At 5o A4 Wk, sha] A Ao
F 9 FgHrse] 44 AY FE s
*el®l 4 #FF 4, S-S medium 4}
A A% YA oL ix] Az HslE 2
Aoz WAFozAY AP E ADE
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(Ewing, 1973)
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Wo2 sucrose wizjeAe] 44 A% w
Zt2e] H4ded e =zAstm, pH=8.59
WA WA g o wl Pag) o
Eu o A5l 24 A4 5, Evans
<ol A AT # g} o o} (Evans and
Evans, 1973).

ZNHZE 0j88 KRAMY Fo| ey

Z7l ey T g
broth [0.3% peptone, 1.7% trytic soy,
pH=8.574] 37°Ce] = e} 8-(100
RPM)o| A 18—204] 7+ wlj o5} o}, (Mun-
dall, et al, 1976) wioFst Fei& 2,000
RPMeo 2 3047 944 Eejgt & 2 4%
N AFH 0.2p9 onp=b(A 2.5mm,
Amicon membrane, Amicon Lexington
Mass, U.S.A)3}t F44718 o422 & o
3 dE gl 0.1mle) oz g
multiwell micro plates (Costar, Cambri-
dge, Mass. )o] w ofx] ¥-Al ok A ¥ (Adrenal
tumor cell)al Y-1 cellg] confluent mono
layerel A7bst3: 37°Ce] CO, incubator
[5%C0.Je1 A 2017 A= A& wjoyit ¥
$14+2+ & 0] A (phase-contrast microscope,
Nikon MS)e 2 Al z9 Y4451 E A2go
2 Azt Lo B4 E5 2E Fgasg
o (Gurwith, 1977). o 22 (control) o 2
< F&AFEFE de] ¢lA E. coli H-
104072} o 7 wf okl & el Fhgic)

2H=20= Y

Y-1 celle] wjofo o] ~eglzoln A=k
2 fluorometric] o 2 ) &) c} (Wishnow
and Feist, 1974; Wishnow, et al, 1976)
Y-1 cells} zbgh wioke] ImlEg A4 He)at
d &7l od7lq 5-mle] CH,CLE A-13f
I 1~5% Jhef ARG F, A4 158
7r Wz Ed k. CHLCl, b wfokol Zof 4
3 2% F CHCL FoiA 1mle §9
€ 3% 51 oyl 2mle 35% EtOH, 65
% sulfuric acid A& s}sbz < 5%7F
Eesta, o] NG PLe, Ty 2o
A 708 ol HAE E st filters =
460nms} 2nd filters= 546nmz =z 3

A E S

pepton-tryptic soy

A,
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fluorometer [G.K. Tuner Associate fluo-
rometer, Palo Alto, Ca, USAJZ x}&3)
7l o of A4 steriodef-g 3 Yo},

el WMol oiEt 24N &Y

obele]l AA% AEzm disc  (Difco
laboratories) & o] 48 2elx F3F9 e
A N F4Y £x WARE 37
stgdc},

Chloramphenicol [10pg],
[2pg], Novobiocin
[30pg], Triple sulfa[50pg], Vancomycin
[5¢g], Colistin [10pg], Polymyxin B
[50unit], Furadantin[50ug], Gentamycin
[10pg], Nalidixic acid{5¢g], Kanamycin
[5pg]

Lincomycin
Neomycin [10pg],

3 o

AAdeta ¥4 5] AokAARkat 94
S AMATY MAb obF W A AbolF 5l
53 604 F nutrient broth——>eosine
methylene blue agar plate—>MacConkey
agar—>nutrient agar platego] Alt] )
gsio] Feldt T £ AY F PAFA
(Escherichiae-like strains)s] FZ& nx
56¢] =, oi% triple sugar iron slant o} 4]
496 7} Escherichiaeo}s] 33bets w42,
99l & Shigella sp2] 43&qd %¢& n4
t}, Indole 44, methly red tests] <%
glucosed] 4 2] A+ A4, Voges-Proskauer
wkg-oll 2%k glucosesi Al acetylmethyl-
carbinol®] ¥4 39 =A g FAHa
AdA 474 T AYAA  0FE who|
A&l Escherichiae o}2] A|PARE »n
of Fglc},

Evans (Evans and Evans, 1973)7} 2%

g =Ed AN, S4£ A FFE A
4 FF2 e THste PHo= sucrose
7F A7t i A] ol A sucrose?] o] 4 4%
94 &z, pH=8.591 4 wz]]A
A7k ol ml sk drU$d s E
=4 A% 44 T A¥e @ 2}
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pH=8.59]
14#%, Ams* phenotypeo] 167 %% o1},

Suc 7t 2173 phenotypeo]
Suc-, pH=8.5 phenotype, Ams* pheno-
type 255 Jebd FFE 75 £33
123

adrenal tumor cells] Y-1 cellg o] 43}
o FF A FL A AFF 2AT E
=}, celle] 50%H = AHIE A4 F A
Fod shef o] 4o, celle] 10~30%2] <85t
 vEbd A Fe atee] belgon, o A
39 positive control2 2g8 % E. coli
H-104072] ojzloo] o Y-1 celle] 50%
o]4e] 41838 I negative control
o WE Wopdel JeAE Y-1 celly 9
Hete W2 fAd 4 ¢lglch, (Table 1,
Figure 1).

Table 2= Y-1 cell®] wjof AF5of o
M A= o] ¢l steroid®] of§ fluorometer
2 A% 4 9 standard curvex Y-y
% &Aool $sE AA steroid kg
A A b e Aoz of 50%2 43
3% 3ol Fgixl plates= 0.4—0.6pg
steroid® ¥, 10—-30%2 9sE: »d
3w 64 plates T IFAA7F oF 0.4pgo)
steroid& - zeli ot FA b 0.3pg
e 2 2 e
negative controla} »laf & zlo]F H £
fadoh,

weld #F shtagAed AT AeA
Wz WA E &3 Age Azps(Table 3)
TF 90% ol 4ol
novobiocin (30gg),

steroid® 3F & ¥

lincomycin  (2ug)
triple sulfa (50pg),
vancomycin (Spg)el WA &, 60% o] 42
¥} chloramphenicol(5pg)e] WHA L =2
ol o}, colistin (10gg), neomycin (10gg),
polymyxin B (50 unit)el] o8] 85—95%
o FF7F HA x| ke ZheA & viebd
i ¥]&l kanamycin(Sug) 2 %<& Fro T
ek 60% 9 2k H = o] 4lg
ed e Bgick, zelx, 70-80%9 wF
7} furadantin(50pg) s} gentamycin(10pg),
nilidixic acid (5pg)d] & ZFFA S B

F3)
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A,

nalidixic acidell &l Z44d¢ 3 F
& d3A WA 50k REdn e A
o] F%F FAsY=w 4649 AFHE n
ol FF F 2l A | FTY wH & B

& s13te,

Aot Axe) A 5 steroid 44 o
2 A AN Sx A FER FS
£ #3250 A% SagAd Ay 25
B WA WAEY 24 Ase Table 44
et g, o A9 Astz o 3
S A4 FFH A BgagAd o
Al A& FL ASE o 4 Ut

Table 1. Rounding of Y-1 Cell by Bacterial
Culture Filtrate

Rounded Cell
Population (%)

Strains

more than 50%
about 50%
10—-30%
negliagible

E. coli H-10407

5, 19, 104, 107

13, 14, 18, 21, 102, 113
Sterile Culture Broth

Normal cells of Y-1 cell line of
adrenal tumor cell (top) and rounded
Y-1 cells exposed to heat-labile ente-
rotoxin of E. coli(bottom).

Fig 1.
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Table 2. Steroidogenesis of Y-1 Cell in Presence of Banterial Culture Filtrate
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Strain

Readihg at 30X Window

Conc. of Steriod (ug)

Remark

E. coli H-10407

5
13
14
18
19
21
102
104
107
113

Sterile Culture
Broth

106*(89,
45 (50,
27 (32,
26 (23,
32 (31,
44 (45,
27 (26,
23 (22,
56 (43,
41 (38,
40 (36,
20 (19,

123)
40)
22)
29)
32)
42)
27)
24)
69)
43)
43)
20)

1.05
0.45

(=]

.31
.44

(=}

0.56
.41
0.40

<

Positive Control
Toxigenic
Non-toxigenic
Non-toxigenic
Weakly toxigenic
Toxigenic
Non-toxigenic
Non-toxigenic
Toxigenic
Toxigenic
Toxigenic

Negative Control

*: Average of two readings

Table 3. Susceptibility of Strains to Various Antibiotics

Antibiotic

No Growth
Inhibition

No. of Strain (%)

Growth Inhibition (Diameter of Growth
Inhibition Zone in Millimeter)

810 1115 16—20 2125 >25
Chloramphenicol (10xg) 30(54%) 1 7 14 -_ —
Colistin (10ug) 25(45 ) 30 1 - — —
Furadantin (50g) 15(27 ) 2 23(2)* 16 — —
Gentamycin (10pg) 1120 ) 6 34 4 1 —
Kanamycin (Sug) 19(34 ) 2 32 3 — —
Lincomycin (2pg) 55(98 ) 1 - —_ _— —
Nalidixic Acid  (5pg) 10(18 ) 2 16(12)*  28(9)* — —
Neomycin (10pg) 43(77 ) 12 { — — —
Novobiocin (30ug) 50(89 ) 4 1 — - 1
Polymyxin B (50U) 32(57 ) 24 - _ —_ -
Triple Sulfa (50¢g) 54(96 ) 2 - _— — —
Vancomycin (Geg) 54(96 ) 1 1 — — —_

*: Number of episode showing resistant colonies inside inhibition zone.



166 KOR. JOUR. MICROBIOL. [Vol. 16, No. 4
Tahle 4. Susceptibility of Toxigenic Strains to Varicus Antibiotics
Toxigenic Strain
Antibiotic _—

5 18 19 21 104 107 113
Chloramphenicol {10pg) S R R S R S R
Colistin (10pg) R R R R R R R
Furadantin (50ug) R S S S S MS MS
Gentamycin (10pg) S MS MS S R R MS
Kanamycin (5ug) MS MS R MS MS S MS
Lincomycin (24g) R R R R R R R
Nalidixic Acid (5¢g) S S S ) R S s
Neomycin (10gg) R R R R R R R
Novobiocin (30ug) R R R R R R R
Polymyxin B (50U) R R R R R R R
Triple Sulfa (50ug) R R R R R R R
Vancomycin (5ug) R R R R R R R

R :Resistant, zone of growth inhibition was less than 10mm. MS: Medium Sensitive, zone of

growth inhibition was 11—14mm. S: Sensitive,

15mm.

a @

2 d7e ezt Ea fAR FAHAAHY
daddel g 7%, 2 F oINS
£F MY F e dAAFE daez 3t
ek AF4 A AR F, W Eo] FAE
I AArgo] ¥ AwaetE, adsl, o
Aol gk dlg, Ngme]de) Falo] o4
T lad govh, AR FEdglol S
W ol A A A W A9,
i, A s Fulef olAEye g B
el FAAHAE AHHA bR E A ey
stk o] olze Fr| AFoAe AF
2 el A A4 Habe dal A A A
Ak sl o] Fo{ 2] L 9l+=dl (Cushing,
1978) ofel o 3= Fabe] A Wl
& el dgecke PRy wAEel e
ot A A9 AGH E4rgoz
sob sl Ayselol & Hold,

.3 a}é-_@ M| 55 A (bacterial exotoxin)
of 2|3t Ao Vibrio choleraes} 7y
o mm Fol A B4R AW Fa

X

zone of growth inhibition was more than

Folstal o] AbW F4arb A xs o)A
e Atz AT HAE 2dAHE
Aolck, ole wa, FAl= tha ZuEx|

FAgE A % (cholera-like disease)&
o9l MFEC] B E ),
dium perfringens (Duncan and Strong,
1969) Klebsiella pneumoniae (Klipstein
and Engert, 1976), Aeromonas hydrophila
(Ljungh, et al. 1977), Escherichia coli
(Sack, 1975)7} ;1 4} &2 o] FE E2F7}
Aol BAAF T, AR FE 4
A8l 9= Aolvk(Lee, 1978),

E. coli®] ojE4 AWE4= Wy ds,
Azhabd, geldry wjolA malet Y 5
A9} S8 ™do] wri(Gyles, 1974), E.
colig] oldAy AHF4E ¥tk 70,000~
80,000 Dalton % 298] gl oz Ao &4
A Felsl Aol ¢t} (Schenkein, ef
al. 1976; Personnal communication with
Wishnow). E. coli®] olg4] AW H4E
9l 2} (Tox* gene)-& plasmid
o® o] $A alzbe A FabA
¥, B# E. colist o7tz =

r‘j b 3 rlr afu

Clostri-
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AA LA U AFFel 44 Ay &
= 8lch, - ,

ol X fAHA, YsteAdd A E. coli
9 ol FANSxdl #Y szl Al
=3 gled SEvadaAs FY M9
dalFe Fhtel oldA FHFAE Marst
© WAEe dE A7 AL g5, of
of A& FI A Ao} 8l o} FAA
oldA AW F4 A4 dATFY E=xF
A Bk},

A, oldd AW F4& Y FFE vy
ATF2YE a8 AdAelAd Ty
T e AT g gioh, dA%
A gl oo Sa AHFFE A F
TEFH Fdse A= AY YY) ¢
t}(Goldschmidt and Dupont, 1976),

A7z dHAA F4& YYFFE e}
02 i 24 AxE oJgHS4
o A% Ax Yl HBE PasAY
(Guerrant, et al. 1974; Donta et al.
1974), S49 2422 ol okr|x A=
o 48ea WstE 243+ 3 o] (Evans

H
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et al. 1972; Kwan and Wishnow, 1974).
EENY A4S AN B2 4y F22
Zd s ol glouk(Sack, 1975), o
oz ciafe] F2E dss e 7
A, AxH oz & Hrto] wig

£ AT 24F Aol S 4ol
AAAGR FE92d ¢ FUA  sola
b AA Feld AAF 3 B4 HY F
Fe Atk 28 g 22 ANF QA
TR ool AN REY 50FF =
6357t B2 MY FFd 1 3 232
FUAZE A7 HAE & obFAAN A3
Aolch.

LAY FFe A AY AsA= g
AHEH = FAA G s vlazd Wy e »
el A4 obFolAM AL 252 A4 F
T FAAAN A HAEE 2244
2A B¢ med,

ol Al Rzt ® Haele Sa 447
Y 2f 8 AFd Ay 47 = o A
B, F9 AA Aol o ok, Hw
el Al A dlafo] vlals]ofof &7 ojc}, _

2

AdgAel $4 Xz 2AA4U Ade] URA ZU ADY £o} N FUGTAAL ol
B AT F 19 B Fadd AFTF) FEE kY FAG ALE o) Seho] A% u ke,
°f R4 FUTLS ZAlokd YA AxE A YA steroid 4AHY $Ag veos]o] o 5

ARl 7128 Fol ZAHHFFE 2.

A9 Asb 2N A ok 10%0] 3o F2F0] T4 AYFEe waAg. R 329
sttagAlel A 2444 WA JYEE 28R L B3] 2y AL oldy FUZ4 FFEY
o §-#°] gentamycin (10pg)3} nalidixic acid (Sug)ell 7+4=4 o Ll wish, colistin (10ug),
novobiocin (30ug), sulfa drug (50ug)el & WA & vetg oo, A Agte] dz] o) chloramp-
henicol (10pg)el A A& Foll w2}t 44 m=& dY$ 2wals) Yot

ol e 2z $eviel AAobFol Anrel oA AN F4 YN FFE v ATE ¢4 Ut
ol TFF HAE ANAL ANEA= Qe ALt YA A HAR AT A+ £ 4+ A3t

A =8
ol AYE el BAE AL AU /TR AR E ASHEE W E vol 3 5] T Long Beach
a4 APTAYY 248 4749 R Wishnows} C. Chenoll#] 7HA=glch,
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