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                         INTRODUCTIONI

         The important obj'ects o£ food sani.tation are productiotr and supply

of sa£e and innocuous £oods. Among them' j the relationshi.p between £oods and

microorganisms, especially, as bacteria are related to bacterial food poiso-

ndng, oral inEectious disease, and spoilage (putre£action' and deteriolation),

is attaching. great importance te £ood sanitation'..

          Zt is well knorm- that Escherichia coli (E'. coli) is to be distri-
                                                     .t                                    '
buted extensively in, the intestinaZ. corLtents of. man and anirnals as normal

microflora. The !Il-t.sgl!i. coli does not yet recognized the pathogenie; activity, but

several types of E.. coli. are in£erring to be pathogeni.c to man or ani.malJs,.
                              '
these types o£' E. coli. are called "Enteropathogenic- llLt.ss2!!Scoli!'.
              v
          On the pathogenicity o£ :El..,--gslll. coli, Jensen (l897) was £irstly reported

that the causative agent of the ttwhite sceurs" o£ a cal£. was E. eoli,. and

Adam?s report (1927) of'in£ants gastroenteritis associated with E. coli was

the £irst one for the present enteropathogenic..llL..,-gg!ll., coli. Goldschmidt (.1955)
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was studied strains o£' .l!d:..ggSlcoli isolate.d from ipfants gastroenteritis thoroughly

by serological and ecological methedsi.-but the most invgstigators were cont-

signed these works to obliviorL at that time. By the bacteriological report o£

Bray (1945) , it was responded to gastroe.nteritis-E. colt relationshLp, con"

                              'sequently,. these repprts of Adam and Goldsehmi;dt were realized. Bray (l945)

isolated E. coli "bacterium coli neapolitanum in. classi£icationaL name o£ E.
         -pt-
coli. at that timeit £rom many inpatients at. the prevalence o£ in£ants gastro.-

enteritis in a hospital ig.England.. Soon a£ter Brayfs report, there were

similar reports o£ VareXa et al (1946). Giles et aX (1948),. Smith (l949) and

raylor et al- (L949). But the serologieal e.Lassi£icatiorli oSE-t.,-gglj,. coZi by Kau££mann.

and his co-wor4ers in. Ilorthern. Europe ( especially in Copenhagen ).were reallyt

great to the cause o£'  ipvestigation. o£'  the enteropathogeptc;I2t.-gg!!,･ coLj.. rhusr

£rom 1950, the enteropathogenic'E. coliL. was isolated £rern in£ants gastroen.teri"

tis by many investigators, and- was £ound 18 serotxpes o£ the enteropathogenic

t-tolL untilL today. But, unknow4. serotypes o£ the enteropathogenic.llLt.--gg!lcoli.

existen:t-,. in: 1975, IO new serotypes o£ the enteropathogente-.Il.t.--ggE!l,coli. were

supplemgnted.

          Ihe enteropathogenic .ll.t..dslg!Lcoli. isolated from infangs gastroenteri.tis

was reeognized the pathogenictty to aduits. rn the Zast IO years in: Japan, the

studies o£ the en･teropathogenic. E. coli. haye been.made progress £or con.tributiol

to the directiorv o£ food poisoning.

          S'everal. types o£ the enteropathogenior E. coli show not oniy patho-                                                 "-                          '
g.enic:' to man,. but also cause mastLtis in cattle and diaprhoea or septicaemia

  '
in calf, £owl and young pig. T"h.gse bacteriaL types are recognlzed inp eommon

in- the both..man. and.anLmals. But the report. on the distribution o£ the entero-

pathogenic: E. coli in heaXthy animaLs and in the nature exaept humans are
           v
litt･le in. Japaix and other £oreigns, up tg now. BeQause, there is no seleetiv.e

medium o£'the enter,opathogenic,..IS.s.nygs!EL12coli, and the identi£icat.ion £or the entero-

PathOgenic'lli:.-gglL!l,coliandnon--pathogeniocE.colihastotestbyseroiogical t
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  In. this time             e-

in man, anirnals

X. report

and other

on the distribution of the enteropathogenia

 sources and its pollution. movement.

                    maTERIAIS AND METHODS

                                      '
l.. rsolation o£ the enteropathogenic..EL:.-gglLlcoli. in £eces, waters. and. Qysters-

         From AugJist. 1967 to February l970, a total o£ X5,044 j[l.tsglL! strains

isolated from £eces of healthy h.umans, cattle,. horses, hogs, pet dogs, stray

dogs, fowls,, catss sheep and rabbits, and river water, sea water. welL water,

septic, tank water, sewages i.n the Nagasaki; Ci.ty abattoi4,. waters £rom digesticn
                             st
tank o.£ the Nagasaki eity abattoir, oysters in market and natural oysters,

were examined for isolati.op o£ Yhe enteropathogenic･ .!l:.-gg!2,coli.

         The $erologicqLijdentification.of the ent'eropathog.enL'a2[!.:.-.gg],Ic Loli.were

as follows:

1) At first, agglutination were carried out w4tlx QK mixed antiserum on a slide

   glass, and next, the agglutina.ted strains £irmly within 50 sec"onds were

   exantned sirnilarly with single OK antiserum.

                                                                 '
2) About the positive strains o£ No. 1), agglutinations were carried out with

   O antiserum on a slide glass, and were ascertained the existence of K

   antigens ..

                                                                    '
5) Abotpt the negative strains of No. 2), the organisms were incubated at 570C

   for 15 hours in Nutrient broth and heated at. 1000C' £or 1 hour, and a drop

                                       '
   o£ concerned O antiserum added to O.5 ml o£ this broth, were examined

   aggLutinations in a test tube at 500C overnight. The positive strains with

   the naked eye were examined its quantitative aggZuttnations o£ antigenH in

   vitro.
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4) At the quantity test o£ K antigen, the organisms incubated at 57"C for 15

   hours in Nutrient broth. used for K arLtigen. direc.tly, and quantitative agg.-

   lutinations were examined witht K antiserum in vitro ( after 2 hours reaeted

   at 57eC, let it alone overntght in dark and coZd plaee ).

5) At the quantity test o£ O antigen, the organisms incubated at 570C fov 15

   hours in Nutrient broth heated at 1000C for 1 hour and used £or O antigen,

   and quantitative agglutinations were examined with O arLtiserum in vit.{ o at

   5rf C overnight.

6) [ehe antiserum did dilute by' two-£oXq method. Dilution ranges were from 5X

   to 640X in case o£ K.ant.z'serum, O antiserun were £rom 100X to 6,400X. In

   this time, the agglutinin titers ior the comnercial antiserum were 160X

   in the K antiserum and 1,600X in the O.anti.serum, Z concluded to the entero-

               '
   pathogenie .!l.:.vgg],E!coli strains that the iso:ates indieated the titer of 80X

   and bver in case of K antiserum and 800X and over in ease o£ O antiserum.

2. 1) Selective ef£ect o£ dihydrostreptomycln sulfate ( DHS ) on. isolation o£

      the enteropathogenior E. coli
                           -N

          The l8 standard strains of enteropathogenic2L:.-gf21!lcoli consisting of

18 serotypes ( El--El8 ), the UA enteropathogenic E!-:..-gs2Sicoli isolated strains

                        .t. .
belonging to 14 serotypes. and I04 common.gtL,.-ggl4coli strains isolated £rom hurnan.

£eces,. 62 common ;EL:.sgl!l. coii strains isolated from river waters,and llO common.l!:.;.

coZi strains isolated fro!rt hog feces, were exanined its sensitivLty of dihydro-

streptomycin. sulfate ( DHS ).

           !n the present study, the basal. medium used was MacConkey agar, and

various aoncentrations pf DHS adqed to "lacConkey agar. And these enteropathoge-

ni.c and common2i:..sEg!LE!coli strains incubated at 57'C overnight iu Nutrient broth.

The c.ultuJres were inoculated on the DHS MacQonkey agar and incubated at 370C

£or 20 houn,s. The states of bacteria! growth were observed.
                              '                                                       '
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   a) The e£fect. on growth in dihydrostreptomycin sul£ate ( DHS ) broth o£

      the enteropathogenie j}=.-gglj,coli

                                       ,

          18 standard strains and ll4 isolated strains o£ enteropathogenic

2L:..gglLicoli, and 20 common.llL:..gglL!l,coli strains isolated £rorn human £eees, were exa-

mined its sensitivity o£ DIIS broth. rhe used media. were Nutrient,. ItB, BGLB

                                                       'and EC broths irt commercial. ･

3. Antibiotics sensitivity o£ the enteropathogenia E. colL isolates                                                  "

          A totaZ of the 187 enteropathogenic'.EL:..AgglL2coli. strains isoiated £rom

various sources were examined its sensitivi.ty to 9 dif£erent antibiotics.

Each 1 ml o£ Nutrient broth cultures o£ the Z87 stra±ns incubated at 570C

overntght was inoc.ulated again to NUtrient broth and incubated at 57QC 4-5

hours. A drop o£' the cultures dropped on a Heart rnfusion agar pXate by l ml

pipette and extended by sterile-b glass stick. A£ter dried, dise containing

each antibioties placed pn the plate gently and let it alone room temperature

1 hour, and ineubated at 570C' overntgh.t. Ihe diameter o£ a produced inhibitory

                                           '
zone was measured. The used 9 dif£erent antibiotics were as follows:

[eetragycline. ([[h), Demethylchlortetracycline (Td), Oxytetracycline (O),

ChLoramphendcol (C), Qolistin (K), Streptomycin (S), Poiymyxtn B (Xp),

                                    'Kanamycin (Ka),and Paromomycin (E).

4. Analysis o£ the antigen o£ the enteropathogenia .Il.:.v.Elgllaoli isolateS

          Absorption tests of 57 strains consisting o£ 5 serotypes isolated

£rom various sources were examined.

･-･
.'. ･ ,, ,J. :- ' .SerotyPe,O-LLl:K58(B4) strain i.so Lated from cattle, O-llaa.e:K66

(Bll) isolated £rom hog, O-bl25:K70(B15) isolated £rom hurnan, O-l28:K67(Bl2)
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isolated from hog and O-l56:K78(B2a) isolated from.cat, were prepared anti-

sera by hyperimmuni.zation in 5 rabbits. These 5 antisera were absorved K and

O agglutl-nins by the enteropatl}ogenic 2}:.-ggl!coli. standard strains. These absorved

aptisera used £or quantitative agglutinations in vitro o£ 57 stra±ns consts-

ting of 5 serotypes. The dilution o£ antisera was carried out by two-£old

serial dilutions from 5X in case o£ ,K antisera and from XOX in case o£ O

antLsera. The agglutinin tLters o£ 5 di£ferent rabbit antisera were about

l,600X in case of O antisera. and about l60X in case of K antisera.

RESULTS

l.

for

as

1)

2)

5)

Distribution o£ the enteropathogenicrE:.-!lglL2coZi in feces, waters and oysters

       15,044 .g:..-gg],El,coli strains isolated from vari,ous sources were examined

 identi£ication of the enteropathogenic E. coli. The results are sumnarized

follows:
                          '
Number o£ the enteropathogenic E.. coli positive samples were I09 (5.54%),
                              M       /
and 187 strains (1.24%) consisting o£ 15 serotypes were isolated.

The distribution of the l5 enteropathogenLc E. coli. serdtypes were as

follows;O-Llaa.c.:K66(Bll) (15.5%),. O-X28:K67(Bla) (15.0%),, O-l56:K78(B22)

(ll.2%), O-125:K70(B15) (10.7%),･-O-26:K60(B6) (9.6%), O-lll:K58(BL+) (8.6%),

                   'O-127a:K65(B8) (6.4%), O-X45:KX-i(B) (5.9%),, O-28a.c:.K75<'Bl8) (5.5%), O-86a:
                                                         ... t
K61(B7) (5.7%), O-55:K59(B5) (2.7%), O-l24:K72(Bl7) (2.1%)', O-･iL9:K69(Bl4)

(l.6%), O--126:K71(Bl6) (l.l%) and O-86:K62(L) (O.5%). Both types O-112a.c:

K66(Bil.) and. O-X28:K67(Bla) were isolated in. higher rate. In this time,

O-44:K74(L), O-l44:KXx(B) and O-i46:K89(B) were not isolated.

Serotyp6 O-l28:K67(Bla) was isolated from 9 kinds o£ sampies. O-125:K70(Bl5)

a6-
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   was. isolated from 7, O-127a:K65(B8) was isolated from 6, O-112a.c:K66(Bll)

   was isolated from 5, O-･26:K60(B6) and O-28a.c:K75(B18') were isolated from

   4,. O-55:K59(B5), O-86a:K6L(B7), O･-Xa4:K72(Bl7). O-l56:K78(B22) and O-145:

   KXt (B) were isolated from 5, and O-iXL:K58(B4) and O-l26:K71(B16) were

   isolated from 2.

4) Seyotype O-86:K6a(L) was isolated ortLy from dog, and O-119:K69(Bl4) was

   isolated only from humans.

5) Serotypes O-l12a.c:'K66(Bll) and O-125:K70(B15) were isolated £rom 2 hogs,

   O-55:K59(B5) and O･-128:K67(Bl2) were isolated £rom 1 hog, O-86:K62(L) and

   O-l28:K67(Bl2) were isolated £rom 1 dog,. O-55:K59(B5) and O-la8:K67(Bla)

   were isolated from L dog, O-a6:K60(B6) and O-156:K78(B22) were isolated

   from l cat, and' Od-11L:K58(B4) and O-128:K67(Bla) were isolated £rom 1 cat.

                       '                               '
          From March, L969 to February 1970, the ent.eropathogenic E. c:oli .
                                                 ･ --.f--
strains isolated from normal and watery contents in the hog caeca, and sewages

and waters from digestion tank in the Nagasaki City abattoir, were examined

£or its seasonal variatio,n..and quantttative relationship o£ coli-aerogenes

                                                                   'group. rhe results are summarized as follows:

l) O£ normal and watery contents, the organism-posi.tive contents were more

   than negative eontents, and of the organism-negative contents, watery con-

   tents were more than normaL contents in number of coli-aerogenes group.

   But, o£ the organtsm･-positive contents, the di££erence of nqmber o£ coli-

   aerogenes group was not recognized between normal and watery contents.

2) Of normal eontents, the isolation:rat.e of the.organisms was higher in

   spring (£rom. March tQ May ) through the year.

5) Sewages and waters £rom.digestion･ tank in. the abat.toir, the isoXation rate

   o£ the organisms were higher in surnrner (from July to August.) through the

   year.
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a. Selective e££ect. o£ dihydrostreptomycin sulfate (DHS) on-.isolation of the

   enteropathogenic .l!:.-gg!Lcoli

          The present study was carried out to con£irrn. selective effect of

dihydrostreptomycin sul£ate on the isolation o£ the enteropathogenic'
.l!:.--gglicoli

from humans, animals and river water, in the light o£ Ramirezfs report that
                                                                        '                           'media containing DE[S were highly effective as selective substance for isola-
                                           '
tion o£ the enteropathogenic J!.t.,d-gglLl,coli £rom normai £eces and sewage. Ihe results

are surnmarized as follows:

1) Of the enteropathogenic IELt.-gg!Llcoli standard strains, the growth o£ serotypes

   O-26:K60(B6), O-28a.c:K7s(Bl8), o-44:K74(L), O･-86:K62(L), O-lll:K58(B4),

   O-1L9:K69(B14). O-l24:K72(B17), O-l25:K70(B15), O-126:K71(Bl6), O-la7a:

   K63(B8), O-l56:K78(B2a), O-l44:KX2(B) and O-146:K89(B) were normal, but

   O-55:K59(B5), O-86a:K61(B7), O-l12a.c:K66(Bll.), O-l28:K67(B12) and O-l45:

   KXt(B) were slightly inhibited on the DHS MacConkey agar (2--XO }ig. IeveL

   per ml).

                                '
2) Of the.enteropathogentc E. coli isolated strains, almost o£ strains grew
                                                                      '
   on the DHS MacConkey agar (10 pg. Ievel per ml). O£ these, the growth o£

   O-55:K59(B5), O-86a:K6L(B7), O-128:K67(B12) and O-･145:KXI(B)- qs well as

   o-26:K60(B6), O-a8a.c:K75(B18), O-86:K62(L), o-lll:K58(B4), O-119:K6g(B14),

   O-la4:K72(Bl7), O-la7a:K65(B8) and O-l56:K78(B22) were normal, but O-112a.c

   :K66(Bll) and O-125:K70(B15) were siightly imhibited ert the DHS MaeConkey

   agar ..

5) O£ non-pathogenic 21.:.--ggUcoli isolates, 4a.5% o£ strains from human were inhi-

   bited by 4 pg. Ievel per ml o£ DHS, 76.0% by 6 ,pg. per mL and 77.9% by 8
                      '                                                    '
   jFtg. per ml, and none o£ strains from river waters were inhibited by 4 pg.

   Ievel per ml, 45.2% by 6 Jig. per ml and 58.l% by 8 ,pg. per ml; on the other

       '
   hand, strains o£ hogs were slightly inhibLted by 4-8 ,pg.. Ieve]. per ml o£

   DHS r4acConkey agar.
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4) All o£ the enteropathogenic ;EL:..-ggUcoli standard strains grew by 4 and 6 ,pg.

   IeveX per !nl, and 72.2% of strains grew 8 ]ig. per ml o£ DHS MacConkey agar.

   O£ the enteropathogenie wt. coli isolated strains, 99.i% o£ strains grew by

   4 ,}ig. per ml, 96.5% o£ strains grew by 6 ,pg. per ml, .and 95.0% of strains

   grew by 8 pg. Ievel per ml o£ DHS MacConkey' agar.

5) O£ non-pathogeni.c ut. ¢oli isoiates, 6,Q% of strains were inhibited by 4 Fg.

   IeveX per ml of DHS Nutrient broth. '

6) Of the enteropathogeni.c. ;e...--gs21IL, eoli standard strains, the grg.wth of 88.9% of

   strains were normaL by 4 pg. Ievel per mX o£ D}IS Nutrient broth.

7) rn; the examination of fecal specimens o£ hogs, the combined use o£ DHS

   NUtrient broth and Dlrs l4acConkey agar resu].ted in normal average rate o£

   deteetion o£ the enteropathogenic E. coli.

                             i'8) From these results, it is presuned that the use o£ a combination o£ DHS

   Nutrient broth (4 Jig.IT.level pel.7.,ml) and DHS MacConkey agar (4,6 and 8 ,pg.

   Ievel per ml) wiil yield a hi.gher percentage for isolation o£ the entero-

   pathogentc' E'. coli from human £eces and waters except hog £eces than do

   any other medium alone.

5. Antibiotics sensitivi.ty o£ the enteropathogentc.lll=.--gglLILcoU isolates

          A total o£ the l87 enteropathogenic E. coli strains isolated from

varxous sources vrere examined its sensitivity to 9 dif£erent antibiotics.

The results are summarized as follows:

l) The highly effective compounds in the sensitivity tests were chloramphent-

   col, colistin, polymyxin B, kanamycin and paromomycin. Moderative inhibi-

   tion was shown in tetracycline, demethylchlortetracycline, oxytetracycline

   and streptomycin.

2) There was little difference in the sensitivity to all. antibiotics between.

   the strains from humans and from animals.
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5) rt is noted that tetracyclines･- and streptomyeins-resistant strains were

   obtained from only feces of hogs.
                                                     '
4) O£ all the strains tested, 81 strains (45.3%) were resistant to ant.i'bio-

   tics, l strain (O.5%) was resistant to 5 kinds. of antibiotics, 12 strains

   (6.4%) were res±stant to 4, 18 strains (9.6%) were resistant to 5, 11

   strains (5.9%) were resistant to 2, and 59 strains (aO.9%) were resistant

   to l.

5) The serotypes o£ antibiotics-resistant strains in the isolates were as

   foUows; serotypes O-a6:K60(B6) and O-Li.42a.c:K66(Bll) isolated £rom hogs

   were resistant to tetracyclines and streptomycin. O-111:K58(B4) isolated

   £rom cattle, O-156:K78(B22) isolated £rom cats and O-145:KXi(B) isolated

   £rortr human and dogs, were resistant to streptomycin.

4. Analysis of the antigen of the enteropathogenta' E. coli isolates
                                                  v

          Absorption tests of 57 isolated strains consisting of 5 serotypes

were examined. The results are summarized as follows:

l) As a results o£ the agglutinins were observed completely by the entero-

   pathogenic EL:....gg;L;lcoli standard strains, both O and K negative agglutinatioms

   were £ound in 10 strains consisting of 5 serotypes.

a) Other 47 strains were slightZy recognLzed the di££erence of a certain

   seetions o£ O onlM or K antigen,structures from its enteropathogenic E.
                                                                       N
   coli. standard strains.
   pt
5) In- both O and K agglutinatiens, IO negati.ve strains consisting of 5 sero-

   types were as follows; 2 strains o£ serotype O-IU.:K58(B4) isolated £rom

   cats, 5 strains o£ O-125:K70(Bl5) isolated £rorri hogs and 5 strains o£ O-

   la8:K67(Bi2) isolated from hogs.
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                      DISCUSSION AND CONCLUSION"

          There extsts considerable li.teratu2res orL ecologicaL investigatj.on

o£ the enteropathogenict.liLL. ggE!EIcoli in rRan,. but zattXe work has been done to study

its. distribution, in animaXs and irt the naturaL world. Zn this time, numerous

straims e£ .gt..-gglLlcoii- isolated £rom ani.mals and the natz ral worXd were examined

serotypes of the enteropathogentc JEIt.-.gg!Llcolt whiah causes diarrhoea or gastro-

enteritis and £ood poisoning in man. They have distributed widely in hunan

livirrg enviromnents and in ani.rnals, espec'iaily. the cat and dog. It was recog-

ntzed the relationship between the serotypes isqlated £rom man"F souraes, and

the serotypes j.solated from diarrhoea, ga6troenteritis and £ood poisoning,

oiz that account,,. it is presumed that these are important problems £br £o'od

santtation..

          rn case o£ compared with the arttigen structure o£ the enteropatho-

genia l!t.,-gg;L;l.coli. standard strains and the enteropathogenic iELt..gg!Llcoli strains iso-

lated from animals or in the natu]ral world were recognized to be slightly

dif£erent,. in a certain portion ot the antigen strua･ture (£oz exampZe, parts

oS O or K antigert) £rom the antigen structure o£ the standard strains. These

points are attached great importance to the ecology o£ the enteropathogentc.

E. cott. Moreover, the pathogenicity o£ these strains are attached great in-

portance £or £umther study' ou the enterQpathogenic E. coli..

          In concXusion, on account o£ the ecoiogical study on the enJtero-

pathogenta E. eoli which are behind Vhan the pres .e,-.n...t e¢ological knowledge

o£ other Enterobaeteriaceaey It must be investigated thoroughly by many

investigaters for'publie heaXth. F'orv accomplishment o£ the object, 1-hope

that the £inal selective isolat-iorLmedium.may; be developed £ote the en.tero-

                                           '
pathogenicg ELt.-ggl!leoli.appear in. neayly £uture, because many hours and prodigious

labor need for identification.of the enteropathogenic･E. coli.compared wtth
other gilt!9grp!lgg!ig!igg9gg-terobacterxaceae today. ""V-
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