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CHAPTER I 

PLAN OF STUDY 

A greater understanding and appreciation of the 

bacteriologioal quality of dairy foods had developed in the 

last decade particularly in relation to product quality 

(Mabb1t, 1980a) as \,lell as its potential food-borna health 

hazard (Susta, 19791 Richard at al., 1981). The ideal aim in 
. " -~ . 

producing high quality milk is that it should be produced in 

an aesthetic environment USing Enu,table sanit.arl pract.ices 

permitt.ing only minimal bacterial cont.amination ()f the milk 

(palmer, 1980). The imp~ementation of quality milk production 

programma requires not only routine laboratory assessment of 

milk quality, but also periodic farm inspection for enforcement 

of milk hygiene during production (Hartley ~ !!., 1968, 

Hartley.~ .!!.., 1969). Any evaluation of microbiological 

problems related to dairy foods must include problems related 

to the metabolic process of microorganisms. The typical types 

of food poisoning and their causes were well understood and 

could be controlled by proper sanitation, processing and 

stor age techniques (Richter, 1981) • 

In developing countries, the wide ~read collection of 

unahilled raw milk in tropioal climate fran small farms where 

ins.anitary praotices exist had brought in bacteriological 
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problems at these, milk sheds and in the dairy industry 

as a whole. 

The bacteriolo~cal. problents in dairy industry could 

be classified as those associated 'with prod~ct quality 

deterioration, spoilage and public health and nutrition 

concerns of dairy products (Richter, 1981'). Though all 

these problems existed with inorease~ ~e of milk and milk 

products as whol esome f90d 1n our count.ry with st.epped up 

QOpel;"ation ;loodu progranmes t.hey had become the prima;'l" 

conoern for. a veterinary microbiologist to conoentrate on 

food-borne illness. 

Thougb the presence of co11forms in milk and milk 

products was 'considered hitherto as indicator organisms 

of faeoal pollution and insanitary prac.tices, the oocurrence 

of diarrhoeal illness due to co11fo~s had opened up a newer 

thinking with regard to the significanoe of ooliforms(Goel 

.21 .!!.., 19711 Ranganathan, 19731 Marrier at al., 19731 --
Singh and Ranganathan. 19741 Misra and Rao, 1975, Mehlmen 

S ~., 19.76, Indian Standards Speoification No. 1479 .... 1977: 

'lWedt and Boutin, 19791 Glatz and Bruclvig, 198Qa,b, and 

Batish et al., 1981a,b). --
Milk 'bome infections, intoxications and taxi-infections 

due to organisms Such as Staphylococous, Bacillus cereus, 
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Yersinia enter~litica, Campxlobacter fetus .!l?R.- jejoo1 

Escherichia £2!!, Clostz:idium and Aspergillus had gained an 

increasing attention in recent years (BatiSh et al., 1981a,b, --
Richard. at al., 1981, Todd, 1978),; New directions in 

research on 'enteropathogenic !.coli and other such organisms 

.had been internationally discussed and proposed for the 

decade o~ 1980's (Busta, 1979, Riohter, 19811 Kornacki and 

Marth, 1ge2~# Winslow, 1982, and Kraft, 1982). 

Apart ;rom being inoriminated recently as publio heal.th 

hazard, the .!.coli being a lactose fermenter producing lactic 

acid and o~her products lik.e indole" ethanol, acetic acid 

succinic acidl, carbon dioxide and hydrogen (Foster ~ &." 

1958) has got a major role to play in milk and milk product 

spoilage. 

~ther the other coli forms like Enterobacter aerogenes 

Enterobacter cloacae, Klebsiella i!neumoniae and Gitrobacter 

freundii also produce lactic acid, gassy defects, and off 

flavour (:foster .2S. ~., 1958, .M1kolajoik, 1979). Although 

these bacteria could ferment lootose to acid and gas at 37·C, 

research had indicated that psychrotrophic collforl1i$ could 
I 

also contribute to proteolytic spoilage of refrigerated milk 

The coliforms constituted 5 to 35% of the psychrotrophiO 

counts (COusins, 1982). Species of Enterobacter and 



Rlebsiella ate the members of the family Enterobacteriaceae 

most frequently isolated from refrigerated raw milk (Thomas, 

1958; Jayasankar et al., 1966) -­I 

So a greater -underst anding and appreciation of sources 

:of potent! ally hazardous coliforms in the farm environment, 

level Of 'them at various stages of raw milk, handUng, would 

facll.$.tate n~t only clean milk p.r:oduction but. also check 

diarrhoeal illness; due'~to toXigenic ! • .22!!, ,_Kl_e_bs;;.;;,;:i_e_l_lCl_ 

Enterobacter and Citrobacter!2~ While research effort 

to date had .been primarily concerned only with enterotoxin 

production by !.S2!! isolated from milk and milk products, 
. l -

they had not advanced to the potentially toxigeniC other 

~embers of colifo+.m group like KlebSiella pgeumoniae, 

Enterob~ter aerogenes, Enterobacter cloacae and 

C1 trobacter.' freund.1i. There is dearth of information ot 

enterotox19,eniO coliforrns from da,try faX,ln envi.ronment·~ 

Hence ~ detailed study on the presence of coliform 

group'from the healthY udder, the surface of the tea~ of 

a healthl' cow, milking environment and its total level 

in the COmmingled milk was envis aged and their aign1:Cicance 
-~. 

in the dairy sectors of Tamil Nadu are discussed. An 

attempt was also made to detect the toxigenic coliforms from 

E.col:!, Klebsiella,. Enterobacter and Citrobacter ap. isolated 
.... ~ 4' - ' 



f~om the f arm environment. The production of heat stable 

enterotoxin by enterotoxigell1Cl col1forms in laboratory 

condition was an alysed and the possibility of 1 ts production 

and implications' in. fIeld condition was discussed. 

In an appli.ed aspect# a rapid reliable screening test 

to assess the Gram negative bacterial load of milk and to 

develop rap:l,d .. methods to 1dentif,Y the 1aol ates pl'elimi~ar11y 

before the reiease for processing and saloe of milk anOt rn:Ii,lk 

prodUcts were m~de by employiP9 Limui~ amoebolysate test 

for Gram negative endotoxin estimation and di~9nostic 

m.1~tqbe kit s,ystems for the identification of col1forms 

in the dairy' 1ric::llistry e' 

The entire stu<iy could conca! vably provide i[lslght8 

in the applicability of present specification on the coliform 

quality and quantity of raw milk in t.he tropical climate of 

our country especiallY in the Anand pattern of milk collection 

suggesting ways and means of control 1n a cursory manner. 
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CHAPTER II 

1. Factors Affecting .Bacterlological Quality of Raw Milk 

'fhe purpose Qf olean milk production with good 

bacter101091~a.l. quaUty 48 to enstlJ:'e that the prod.uat. 

when delivered remains fresh under" domestic conditions of 

storage as: long as it _9an and alsQ be sa£e to the consumers. 
, 

Clean milk' 18 achieved by the application of gene~al hygienic 

princ1pl es: to the produc~1on; proceSSing and the d!stribut.\ on 

of milk. The term "Safe milk" impltes that the mUk i. free 

frOm patmgen10 .orQanisms. This is achieved in part by 

oleanliness, in part by heat treatment and in part by 

era~catton of bovine disease (Medoy, 19(6). 
"" 

T.he ~idem1cs of infant.ile cUarrhoea# ewnmer diarrhoea 

6tO. had );Jeen bro1.lght down in England due to improvement in 

the cleanliness of the milk 8~ply. modern pac](aging of the 

fluid milk, substit1,1t1on of heated -milk for infant feeding 

and fl.y control (McCoy, 1966). Hence the initial bacterio­

logical quality of fresh raw milk has a marked In;luenee 

on the keeping q\1a 11 ty of raw milk and on the qualJ. ty. of: 

products made from.1t (Gehriger, 1980). 



I 

It had been emphasized that in order to obtain e~farm 

bulk milk of high bacteriological quality with total desirable 

bacterial lo.ad of 10,000 per mL; considerable care is needed 

in its production .(r4abbit. 19aoa)~ A cJ;itiQal s\U'vey on the 

sources of contamination of bacteria in milk 1n farms; 

where refrigerated storage is not available is presented. 

(A) Environmental. factors influenoing the guality ot: 

lnd! vidual and ppoled milk at. farms I 

(1) Farm airl 

The miorobial flora of atr.; its ecology and analysis 

were exten.esive,J.y studied by Verstrete and Votes (1974). Air 

would be highly contaminated With many t~a of vlruses l 

bacteria and fungi. either free in the air or bound to dust 

particles ,(verstrete and Votes, 1974). Bacterial, eontaminat1op 

of i,pdoor air of dairy oattle sheds., the t.echnological. factors 

and their influence on quantitativa bar::terial cont~ation 

were stuCl1ed (Beer et ale f 1976). 'lbe percentage of coliform;. 
, ---

COWlt at the mobile house for feeding cowe and at milking 

s~~~ were estimated to be at 2.5% and 5.6% respectively., of 

the total: mIarobial count (Fis~r and Svitavsky, 1915). 

In a survey 9£ air borne baoteria in typical milldng 

premises in U.K., it wa~ found that the air borne 

cont anination during milking was no worse in the modem 



integrated unit than ,in the cow_shed (aGnham and Egdell, 

1970). Mean microb,tal count per litre of air throughout. 

J the entire year was ;39 fqr the early and J5 for the later 

part of the year. In isolated and free standing milking 

p3:rlours, air ]:x:)rne badterial levels were marked by lOl.i'er 

counts (17 per .litre 01; air). The aerial contamination in 

all types of milldng premi&es whan the cows were out at 

grass was only one quarter of the contamination during the 

period when the QOWS we;'.e ·housed. 

The bac;terial levels in air of cow sheds were mporteg 

as 6-45 per ,litre. The distribution percentage of 

microorganisms was Gram positive cocci, 50-70, Gram pOSitivo 

rods., 10-40; Gr~ negative rods., 2-81 aerc>bic opore .formers, 

7",,'9, and moulds 4-10 (Bce~ and Melhom, 1974). At milking tims 

in a fairly ;clean barn 1 x 103 to 1 x 104 psychrotrophs per 

square feet. .of ex:,&X)sed surf cce were ~ollected during 10 

minutes exposure (Thomas,. 1958). 

The specifio types of bacteria contaninating the milk 

from the air may be of some importance, For instanoe, 

aerobic spore formers such as Bacillus cereus causea 

"b,1tty cream" in pastetlrized milk and anaerobic spore 
- -_. . 

formers ouch as Clostridia could cause spoilage of SWiso 

type of cheese (palmer, 1980). In a otudy of chemotypes and 

antibiotypa$ of colifonn b:icteria isolated in a Normandy 



dairy farm with calf septicaemia, E.coli constituted 80% --
of the isolates With Citrobaater (a%L, Klebsiella (4%) 

'and Enterobac:ter (6-9%) (Jacquet and Chiki, 1977). Whilo 

concluding a study on the oontrOl of environmental hygiene, 

the CQt'fShe ds" were ;ound to have standard baoterial counts 

of 5J)3/C£U/M
3

, c:ol1forms 191/Cfu/,.r, yeasts 645/Cfu/~ 

and moulds ~"36/Cfu/lr (Rondinini, 1982) .. 

The aerosolized microorganisms were measured by 

fallout, exposing approp~iate media fot five ~nutes, 10 

minutes and 15 minutes (Anon, 19721 Ct.-uickshank at al •. i 
.. -~ 

19"15, Harr1gc:ll and Mocance 1976). Anderson samplers 

connected to a portable field vaccum source asptrates 

requj.red quant,.t ty of air per minute (2S.) l~ tltes or 1 C. ft 

per minut e) and impinges the collected organisms on a 

nutrient m~diwn placed on the petridish (Adams and Spendlove, 

1970). Cas~tone agar was used for colleotion and growth of 

general microbes. Endoagar and eos~ne methylene blue agar 

were used for selective growth of coliform organism (Adams 

and Spendlove, 1970). 

If the test was conduoted during day light hours, solar 

radiation had a deleterious effect. overcast skies could 

be expecteCi to xeduce somewhat the effect of solar radiation. 

High wind velocity, high relative humidity, darkness and low 

temperatures, l'fOuld be expected to give the greatest 



recoveries or fallout it Relati va hwni d1 ty PI thu,nderstorm 

were known to have a pronounced effect on the survival of 

air bone !.~ (Adams and Spendlove" 1970). 

Stand~ds with regard to levels of air ,infection are 

available. The number of organisms per C.ft. pe; minute 

should not ,exceed one J for satisf aatory atmosphere (ICAR, 

1972). Nor,mal sett11'ng of 4 .. 5 to 50 bacteria carryi·ng 

particles per l~ ~q~t;.ee exposure had also been proposed 

~or dai~ ~Qdqs~~ ~f ~e+ican P~lic Health ASsociation 
, 

~ ',:~; 

(Anon;. 1972), Levels of air infeation 1n temperate climate, 

for various places like hospitals" factories offices etc. 

had been reported (Cruickshank .2!. .!!!:.., 1975). 

(11 ) Faxm' W'atert 

Water consumption in industrial milk production was 

at an average of 121.8 L/cow or 12.7 L/kg of milk of which 

around 40 ,~ was for d,r1nk1ng purposes and the balance was 

for washing (Koallick snd Holke, 1980). 

Unless properly protected, farm water supplies might 

be contaminated at source with a wide variety of microorganiSms 

including coliforms, psychrotrop.hi:c pseudomonas which are indeed 

human pathogens. COntaminated water might not be a major 

source of bacterial contamination in milk unless such water 



was ~dded direotly into milk. Laotose fermenting and milk 

spoiling organisms had been isolated from farm water supplies 

(Palmer, 1980)" The use of such water supply for udder 

washing and for rinsing of cleaned equipment could cause 

contamination of milk. Furthermore when milk residues remained~. 

on dairy ~u1pmEnt, residual baoteria including those from the 

water would grow and oause contamination, when the equipnent 

was next used (Cuthbert, 19(0). Many of the strongly lipolytic 

and caseolytio psychrotropha £oun4 in milk had their origin 

from the water supply (Thomas, 1958). 

The psychrotrop.b\.c count of water ranged from less than 

10 to more than 1,000,000 per rolf with a median of 10 to 560 

per lilt· (MOrse ~ !!.., 1968). A good quality water supply 

should have a low <::olony count with no faecal organisms and 

should possess a satisfactory field report. Presumpt! ~ 

coli count of less than SO per 100 mf!' Or wat;e!:, and !.22!!. 
absent par 100 ~ were reqomnended as bacteriological 

standards of farm watei!' (Palmer, 1980). -
(iii) Farm equiprnents and utensils I 

It had been generally observed that micrococoi, 

corynebacteria and occasionally streptococci form the 

dom1nan~ flora in low count: equipment rinses and that 

streptococci and (;ram negati ve rods were prorqtnent in high 



count equipmeQt rinses (Thomas, 1964 and Palmer, 1980). 

Gtam negative rods dominated even in low count tank rinses 

, forming uptc;> 70% of the total isolates. Although both 

coliaerogenes organisms and spore forming rods formed only 

a small proportion of the total isolates, they occasionally 

constituted an appreoiable proportion of the microflora of 

some utensils (palmer, 1980). EquiIXUent used for carrying, 

dispensing or holding fOQds should bear less than 10 ooliform 

bacteria per 100 sq .• em. Absence of qaliform bacteria in 

100 sq:am. had been suggested as a satisfactory standard for 

ooliforms (Harrigan and McCance, 1976). 

The nillldng and milk s~orage equipmen ~ are frequeQ.t~y 

the mai n sources of bacter! a in farm millt supplies. It had 

also been well est ablished that where an effect! ve cleaning 

and sterilising routine was being carried out oorrectly, the 

baoterial contamination from ~ha equipment was qui te low 

(less than 1000 bacteria per mi. of milk). nowever, major 

bacterial o::mtamination of ndlk oqcurred from the farm 

equipments and. due to a number 9f factors such as poor~.y 

deSigned .equ1pment and failure to carryout cleaning 

instructions as direoted or misinterpretation of iQstruct~ons 

due to comp~~ty or other reasonS (Palmer, 1980, Gehriger, 

1980 and) Fl.ucldger !1 !!., 1960) 



(1v) Peraonnel. 

Microbial contamination. of the milk by the milker 

might oc~ur .in several ways but mainly through contact of 

the was bed teats with uncl ean hands and poor milking 
, 

technique (Palmer, 1980). It was found that hospital 

staphylococci could be tranSferred to the milk via 

patients discharged from hospit el. who had oontact 'wit.h 

farm animals (Moeller et al., 1963). Pathoge~Q lQ.ebsiella 
-~ 

had been foqnd to survive longer than the non-pathogenic 

nebsi ella in the finger tips (Cooke~!!_., 1981). In a 

study of,! sOurces of milk contam~nation of farms it was 

found that milkera' hands rinsed in 200 mt- of sterile milk 

added a:;) much as 260 x 103 bacteria to the milk (Smythe, 

1980). :J;:xamples of poor milking techniques 91 ving rise 

to microbial contamination inoluded mo~ste~ng the handa 

. wi th the first drops of milk and tOtlOh1ng milk contact 

surfaces such as the inside of mdlk storage opntainera 

and milld.ng bUckets (palmer 4' 1980). 

(v) Udder and teats, 

(a) "The appar~ntlY healthy mammary glanq. 

If milk is removed from the healthy gland 0," 

teats by aseptic punet ure of the wall or by surgically 



implanted: ~atheter systems sterile samples can ba 

obtained (101le, 1980). SVen with ,mac:h1ne milldng. 

samples O,f milk with very low numbers of bacteria 

coul d be obtained from heal. thy udders., if precautions 

were taKen to $void contaminants. It had been observed 

that tbe mean numbers were l38 oful~ from non-selected 

animals and 46 cfW'ml from selected., animals consisting 

of micrococcus sp. and Corxpebaoterium bovis (Kleter, 

1974) .. 

%n practice, however, the tea~ canal 1~ populated 

~ microorganisms varying ~reatly in n~rs an~ types. 

Besides Qoagulaee-negative staphylocai and 

eo;ynebao.tc:rium beviS. there a~e aesoul1n~splitt1Qg 

streptococci inoluQing Streptococcus ubE!ris, ,St.aehx.1o­

cocous aureus, Bacillus sp. and ,ProteUS ap.(CUllen and 

Hebert, 19(7). '!'he resulting primary contamination of. 

milk might amount to 102 cfU/ml in 41%. between 102 and 

103 c:f\V'ml 1n 35%, between 103 and 104 ofU/ml in 23% 

and 104 af\\!ml in one peroent of quarter milk samples 

('lblle, 1980). The rarity of reports in oases of sub­

clinical maatl,tls due to coli forms coUld be assessed by 

the fact that no ooliforms c,ould be isolated in nearly 

500 atilk samples tested ifrom apparently healthy 

quarters 1n a stuCly made in National Dairy Research 

Institute, Bangalore (Rao and Nambudripadj, 1978) 



(b) Species of the bacteria. 

It had been shown that Staphzlocoacus aureus 

multiplies on the skin of teat and uaqer, and was 

considered to be a true resident of the surface of 

the qdder. It was, however~ very diffioult to distinguish 

the resident baoterial flora from the transient ones, 

originating from bedding# faeces and SOil. While the 

microflora inside ~e -udder was almost exclusively 

mesophilic, the flora on the surface also included 

psychrotrophiobacteria, thermoduric baQteria and anaerobdol 

eporeforming species (Joergen.en, 1980). From unw~shed 

udders, the major groUp of bacteria identified were 

staphYlococci, Coryneba,oterium bovi. and coliforms 

(CUllen and Hebert; 1967). The sources of coliforms and 
I 

coagulase negative staphylococci were espeoially pronounced. 

at the teat apex (Schonberg, 1951). 

(c) Factors influencing bacterial flora of the teat. 

The influence of grazing, cow hOUSing and bedding, 

effeot of udder washing, type of disinfectant used for 

udder w_a~hing and methods for minimizing contamination 

fran teat and uClder had baen comprehensively reviewed 

(Joergensen, 1960). '!he saw dust bedding had been a 

majo~ source of coli form cant cmina tion of teat ends 



followed by wood shavings and straw. Among the 

coliforms the geometric mean of Rlebsiella was 11, 

2 and 1 with beddings of saw dust, shav~ngs and strati 

respectively. With fresh bedding the total o:>11form 

and Klebsiella counts of teat ends were significantly 

reduced (Rendes" 1975). E.coli was i.Bolated at 2S% --
1 evel ~Z'om the bUffalo udders using swabs in dextrose 

infusion broth (Awan and Barya, 1972). 

(d) Teat dipping and drying. 

Teat dipping 'l:lith iodine and non-iodine preparation 

before and after tho milking and drying could improve tho 

milk qUc:l.lity and also reduce the mastitis problem (Hansen, 

1973" Bigalkej 1978, Hem](eD et al., 1981t Hubble and --
Main, 1981) and Sheldrake and Hoare, 1982). 

To ,ensure that milk is of high bacteriological 

quality/udder surface need to be dry and teat surfaces 

clean and dry (Golton at al.# 1982) 
. ~---

(8) Factors influencing the co_ngled milk qualitl' 

(i) ~mportance of raw milk quality, 

The commercial pressures wi thin the daiX'l' 

industry are tending to extend the time between milk 



production and prooessing_ ~f a oonsequential deterioration 

in produdt quality is to be avoided, the milk e~far.m must 

be of h1~h baoter~ological quality (Mabbit; 198Ob). 

According to International., Dairy Federation monograph 

on the bacteriological quality o~ pooled bulk milk ar;:l total , 

viable count of ex-farm milk produced under good hygienic 

cond1.t~onl;3 should not ~xceed 10,000 bacteria per~. In 

order to achieve this q.uaJ.i ty, i.t 1s ~rnportant to recognize 

the sourceS of contcmination of the milk supply and to 

understand 'how they can be controlled. The main sources are 

the udder and the milking equipment (Lagrange, 1979 and 

f.fabb.t t , ;l.980b). 

(.11) Seasonal trendS. 

~e warmer months each year would be highlighted by 

a t:eduction in the percentage of samples of class I of high 

bacterial quality w~th an increase in eamples placed in 

Claao II of low bacterial quality and undergrade (Lagrange, 

1979). 

(iii) Time I -
An import ant enemy of milk quall ty \"l:)ul d ba time. 

The mesophilic or psyChrotrophic bacteria, will continue 



to metabolize, reproduce and inorease in number at ambient 

temperature and refrigerated temperature. Even in 

refrigerated milk, a bacterial. count of 500,000 per mL 

could ~ one million per mL the next day (Lagrange, 1979, 

and Gehriger, 1960). 

(.:Lv) Temperature. 

Another major influence on raw milk quality and one 

that might be frequently abused would be temperature. 

Unless milk had been held at temperat~ea lJelow S·C milk 

quality was in jeopardy (SWartling, 1967, Lagrange, 1979 

and Gehriger, 1980). 

(v) Storage and handling, 

Failure to olean and sanitize t.he milk storage 
I" ~ 

tanka at chilling oentre or dairy plant during flush 
, 

season would add t.o the quality problems. New milk 

would be mixed with t.he old milk in the plant, storage 

tanks and the dynamic bacterial metabolic chain might. 

not be brokEn and the counts would got. built up to 

several. million par mt (Morse at al. I' 1968 and --
Lagrang_G, 1979). 



(C) Antibaater1 al !yst an in milk. 

The lactopeJ:'oxidase system is a naturally oacurring 

inhibitory system. in raw milk that oould reduoe the 

bacterial, content in milk (Bjo,rck ~.~. # 1975, BJorck. 

1978). The lactoperoxidase, thiocyanate and hydrogen 

peroXide inhibited lactic streptococci and Gram negative 

rods espeoially pseudomonads (Bjorok ~~., 197$). The 

1 actoperoxidaae was 1?~esent in bovine milk but thiocyanate 

content depended upon on the feed consumed by the cow 

(Bjorck, '1978). The antibacterial effect depended on the 

amount of thiocyanate present and the temperature. When 

the thioc:yan ate ~n milk had been depleted, the baeter! a 

could start to multiply usuaUy Within 4 hours at 30·C and 

72 hours at S·C. This antibacterial component was heat 

'labile ~ 60°0 for 15 minutes and not present in 

pasteuri"zed milk (BjoroJt.2!. a1.-, 1975 and Bjorck, 1978) 

Cart aJ.n lactic acld bacteria like LeUQonostoC! cremoria 

and Lactobacillus acidophilus produced antibacterial 

substances and thus inhibited Gram negative bacteria 

including coliforms (Babel, 1977 and Hosono et al., 1977). --
However, the practical importance of the antibacterial 

system of milk probably was very slight. Certainly it 

caul d not be depended ~pon to prevent or even to retard 

significantly the development of mixed populations of 



m1qroorganisms in rali m1~k (Foster .2!:. .21:.., 1958, 

and Ayres !! a.l:. # 1980) 

(D) Bacteriological Standardsl 

The coliform organisms because of their prevalence 

in na·tw:e are practically ~waya present in raw milk 

(aar:ber. 1962). The Scotland st andaras regUlate that 

the ·premium milk" must contain no coliform bacter1.a .in c. . _ 

0.01 ml and standard milk must not contain coliform 

b~teria lin 0.001 ml (CruickShank 2l. al., 1~7~). Guide-

11ne$ f'or grading of raw mil.k })a.ed on the ao11foJ'lll 

content and standard plate count had been suggested py 

~nd1an Standards Institution (Indian Standards No.1479 -

Part III ,_' 1977). The gui delines sqggestaCl, that the 

satisfaotory lev~ would be the absence of oolifOrma 

in 0.01 m1 of raW' milk. There are no ex1stln9 legal 

standards for coliforms in raw m,11k in prevention 0# 

Food Adul teration Act, 1954 and in prevention of Food 

Adulteration RUles" 1979. 

(1) Achieved levels. 

Xn a wide survey conduQted. in the Hlasar qity", the 

presumptive coliform count varied from 6,,400 to 46,200 

per Ill. and did nQt conform at lO~ level to tlle Indian 

.tanaards No.1479 -. Part III, - 1962' (Gahlot !S !!.# 1975). 



In a study at National Dairy ResearCh Institute, Karnal, 

the ooliform oount was found to vary from 500 - 50#OOO/~ 

in buffalo, mil~ and 50,000 - 1.96 million/ml for cow milk. 

'!'he samples were collected .:I.n the far4D as well as from 

n~by v~l;lagea (Singh and Ranganathan. 1978). In an 

organized dairy sector the ratf milk samplef3. oollected at 

.receptiol'1 dock indioated oolifonts to vary from 'SOO/ml to 

2S000/ml (Misra and .Sinha, 1978). ,In is study in ~rop1oal 

climate at ~ur1ti~# the colifoans ranged. from 1390 to 

2670/ml (Rangaaamy, 1980). In. t~pe:ratQ olimat.e. t11.9 

colij;orm titre Wel."9 found to range from 100000 to 

10 IlI1l1io~ml of raw milk, contamination being higher In 

summer monthS (Kal~yanov and Gogov, 19'717). 
/ . -

(i1) Improvement 0EE2rtuni ties for Bacteriological standarqa 

S.tnqe raw milk quality did have a Significant 

.1nflue_noe on the quality of all dairy products, efforts (. " 

might need to be continued to improve milk quall ty not. only 

on the farm but also in the processing Plant. Quality 

assurance programmes should include careful evaluation of 

initial number~ of bacteria in individual. farm mille salJ\ples 

coupled Wi~~ studies of the time and temperature profile 

of milk fram the farm to the proceSSing vat. Testing ~l~ 

for bacterial numbers at critical points in the chain from 

farm to plant would reveal links where opportunit:y ·existed 

for improvement (Lagrange" 1979). 



2. Ool1forms in raw Milk 

The 1 arge group called the Enterobacteria contains 

various genera of small Gram negative non oporing roqa 

whioh ferment dextrose produoin 9 acid or acid and gas and 

are oxidase negative (Collins and z,yne. 1,970). The family 

reaeived,~ts name because most genera are commensals or 

paraSites in the anima~ or hwnan intestine. For laboratory 

purpo~es, ~t woul~ b~ convenient to 'divide the ~nterobaQteriai 

into t\101 groups aac:::ording to ~he fermentation of lactosQ .• 

This was ap historical d1v~s~on from the time when 

baaterioiogy was almost exclusively a medical scienQ~ and 

the lactose fermenters were considered to include mostly 

saprophy.~c and commensal organic.ms while the non-lactose 

fermenters included the pathogens (COllins a~d Lyne, 1970, 

and Edwards and Ewing, 1972). 

~e lactose fermenters produce aoid and gas rapidly 

from the sugar lactose. The genera Escherichia, 

Klebsiella Citrobacter' and Enterobacter are collecti vell' J '., 

known as coliform bacilli (Harrigan and Mccance, 1976). 

The non-lactose fermenters f ail to ferment the sugar 

lactos~ at all Qr ferment it late or irregul~ly. Included 

in this group primari 1y are the genera. salmonella, some 

members of Arizona ; Shigella, Edwardsieila, iew Citrobacter 



Proteus# Serratia, Providencia and Plesiomonas (Coll;tns 

and Lyne,~ 1970, Edwards and Ewing, 1972, and Cruickshank 

et al., 1975). -- . 

fbe coli forms which are lactose fermenters would be 

completely undesirable in milk and its products (Foster 

at al., 1958, Ayres et al., 1980, and COusins, 1982). 
-'~ . ---"~ 

(A) Bacteriology of ColifollnSi 

'the name. • coliform' was der! ved from the La1:4,n l10rd 

'Q:)lon' meaning large intestine, with reference to the 

common Occurrence there. Among them, Escheriohia 0011 

is ·the ohief member of the group (Foster .21 .!i~'# 1958) 

The other members include Enterobao1:er aerogenes, 

!.cloaoa~, Klebsiella pnewnoniae and Citrobacter freundii 

(Edwardsl and Ewing, 1972, and auchanan .2S.. !:l., 1974). 

The coliform bacteria can grow in the presence of 

~le salts or other equivalent selec::tJ. ve aget\ts and 

produce acid. and gas from lactose at JS·C, or 37GC. ~a 

group belongs to family Enterobacteriaoeae .. the m~bers 

of Which grow in the presence of bile salts and produce 

aCid from glucose ~s determined by the use of violet red 

bila glucose agar (VRBA). They ere Gram negative rodo, 

motile with peritrichous flagella or non-motile. With 

few exceptions they reduce nitrate to nitrite. faecal 



coliforw;J are baoteria whioh in the presenoe of bile 

salts or ~ther equivalent selective agents oan grow and 

produce' acid and gas from laotose when inoubated at 

44-4S·C (Harrigan and Mccanoe, 1976). 

(B) Prinoipal differentiating oharaoters of ooliform grou2' 

While all the f1 ve principal members of ooli~oxms 

hydrolyse O-nitrophenyl- p-D-ga~aQtopyranoside by 

-f3-galactosidase they differentiate themselves in arginine 

dtihydrolaae activity (E.cloacae and Citrobac:::ter freundi1 ,,_. -, .-

94% and 34% posi ti ve respecti vell'), lySine decarboxylase 

test (!.coli, I<lebs1ella aneumoniae and !.aerogenes are 

positive by 83%, 75% and 99% respectively), Ornithine 

decaz:boXYl~e test (!l.coli, Enterobacter a~iJOgenes and 

E.c::loac::ae are pOsitive by 76%, 99% and 97% respectively), 
~; 

Citrate utilization (C.1trobaoter freundii 61% and all 

others except !.£.2!! 90''' to 9,5%). HaS pt'Qduction (only 

C1 trobaoter freundii produce at 60% 1 eVe! ) # UJ:'ease 

production (!i.pneumoniae post t1ve by 64%), inositol acid 

fermentat..$.on (g.12neumoniae and !.aerogenes 97% and 93% 

positive respectively) and motility (all motile except 

Klebsiella paewnoniae), (Anon, 1979). 

The oolony characters on eosin methylene blueagar 

(EMS agar) are the primary differentiatj,ng character 

between E.coli and other g:toup of organisms. In case of 
" - __ ;;;.;. 



lack of accuracy other conventional system could be 

adopted (Edwards and ~ing. 1972, Fun~ and 90x, 1981). 

(C) ,presence of oo11forms in ndlk. ' 

(1) Indicator organismQI 

This group of bacteria was considered important 

,in quality control of milk as it was indioative of ,possible 

faecal contaminatio~ and due to,~ts apility to produce acid 

and taints in milk. The, presence of this group in mil;k 

indioated degree of inaan! tS1:Y praotices during production, 

procesaing or storage and 'Was intended to measure general 

care taken in handling this product (:Indian Standards No. 

1479 - 1 ~ ~7 ) • 

COl1forms were often associated with organisms of 

intestinal origin but other 9~ups may rot as indicators 

for other sltua.tions (Harrigan art! Mccance, 1976). 

Escherichia coli is the so called "Faecal coli" which -
occurred normally in the hwtlan and animal intestines and 

the presence of this organism in milk indicated reoent 

contamin~tion ~th faeces. !.£9!! being, fairly wide 

spread in nature and although most str'ains originate in 

faeces, its ,presence particUlarly in. small numbers did 

not necessar.1,ly mean that the sllbstanca frol1\ which it 



was isolated contained faecal matter (Collins and 

Lyne, .1970). 

Yn water analys~s, the presence of Escherichia coli -
,indicated faeCal pollution of the water,. there being a 

positive correlation between the concentration of the 

organisms and the amount and/or the recency of the 

pollution. In carrying out the test for coliform bacilli 

in water i.t would be 'therefote advisable to determine 

whether the strains present are !.co11 (typical) or other 

non !_.coll.' coliformG (4typical) (Harrigan and Mccance, 1969). 

(1.1) Distribution of co11fo.rntSf 

The distribution of coliform in the organized dairy, 

sector were !.coli (.40%), Enterobacter cloacae. (8%)1 

_!. aerogenes (23%), £. freWldii (17%) and AS- aerogenes (7%) 

(Misra and Sinha, 1978). 

Xn another study Klebsiella aeroganes, Enterobacter 

aarogenes', !.c1oacae and Citrobacter sp. constituted 11.3%, 

35.0%, 23.9% and 29.8% respectively of the coliforms 

(Kaloyanqv and Gogov,. 197~). 

(i11) Effect on the final. product quality. 

Tl?-e production of lactic acid and the intermediate 

met abolites of co11forms reduce tm produot quality and 



nutritive value and also oause spoilage of milk and its 

produots (Mu,ier ~ al ... 1978, Kraft and Rey, 19791 

Mikolajoik, 1980). The presence of high counts of 

coliforms in raw milk might cause i~reversible changes, 

whioll could resul t in a deoreased shelf lif.e of t.he 

fini shed product. As these organ! ans are psychrotrophs 

they are able to grow in the refrigerated milk and cause 

irreversible c:hanga~Enterobacter ap.; E.ool! and . _ .......... Oiiiiooiiiao 

Streptococcus liquefaciena formed the majority of 

psychrot.ropha (Juven ~ .!!., 1981). 

(1v) Potential role in pUblic: health hazard, 

The holding of milk at 143·F (61-C) for 30 ~nutes 
I 

(low temperature, ~gh ~ime) or 161·, (?I·C) for IS secon&! 

(high tempeJ;ature, short time), and 1~d1ate chilling t.o .·C 

was called pasteurization (Foster .21 & .• 1958). At this 

time temperature oombdnation non-sppring pathogeniO 

baoteria such as Mj'cobaot,erium sp., ,Brucella abortU8,' 

Salmonella and !.s.2!! COuld be destroyed (Foster !l.al •• 

1958, kay, 1962, Kaplop et ~., 1962). The thermal death 

pOint of E.ool! ,..ras 60·C $.f held for 125 seconds (KaplQn -
at al •• 1962). _._ 

Ab111t to resist 63·C for 30 minutes by coliforms y 

is extremely lUloonunon (Fostel:' 2.!:.~. # 19S8, KaplQn at al., 
. --

1962), though he~ injured !.coli might be present in the 



pasteurized milk (Natarajan ~ al., 1983). The E.col! --
had baen attributed in large number of milk borne diseasea 

(Marrier ~ .!!.., 1913, Batish!iUt!!., 1981Jt,ft,Kornackt. and 

l..farth, 19S2b). 

Heat stable enterotoxins are produced by E.coJ.1 - ) 
01 Klebsiella pneumon1ae Enterobacter cloacae and these 

. .) 

toxins in! ght withstand pasteurization tempera'ture as they . 
were stable at 60°C for 30 minutes or 65·C for 15 minutes 

(Evans et al.# 1973a, Sack et al., 1975, Kl1pstein and 

Engert, 1976a,b, Mehlman .2..'5. !!!.. # 19761 Burgess .!1 !l., 

19781 Clements and Finkelstein,. 1979). A heat stable 

~ox1n of a porcine strain of !.coli had been pas! t1 vel.y 

assayed after heat treatment at 87°0 for 20 minutes 

(01s30n, 1982). It had also been reported that exposure 

of !.~, ~.pneumon1ae and.!.cloacao stable enteroto~ 
" to a temperature of 100·C for 30 minutes did not reduce 

the cotivity (Klipste.in and Engert, 1976a,b, Klipstein 

et al., 1977). --
The stable toxin (ST) of E.coli had been classified --

into STa and STh depending upon the thermal stability and 

other characters. S'lb was comparatively more at able than 

STa (Burgess .2.!:. !!_., 1978), ExtracellUlar presence of ST 

had baen reported (Olsson, 1982). 



(D) Rapid' Screening tests. 

A large nwnber of objective. tests had been developed 

and proposed for assessing the microbial quali ty of food 

(Jay .!!:. ~., '1979). Standardized rapid dye reduction tests 

using methylene blue thiocyanate indicator, resazur1n and 

tetrazolium dyes had been in practice in the dairy industrj 

(Foster at al., 1958, lndian Standards No.1479 - Part I ~ --- --- . 

1960, cruickshank et al., 1975; Indian Standard NO~ 1479 --< ..... _ 

Part III ... · 19771 COUSins, 1982). The method was adoptable 

to the examination of a large nwnber of samples in a 

comparati vely short time wi th minimum equipment and' 

m ~eri~ls and had been \lsed widely for the grading of raw 

milk (Foster et al., 1958, Indian Standards No.1479 -
~-

J?artl:T 1960). 

A meth04 for detecting the proteolysis in refrigerated 

raw milk on storage upto three days by interpreting the 

tyrosine v e1. ue in relation to bacterial nwrtbers Was 

evolved.(Juff~, 1973). This was found suitable only to 

store raw refr~gerated bulk milk. Benzalkon-crystal 

violet ATP method comprising rapid determination of the 

bacterial ATP could after addition of benzalkon and 

crysta.l. violet· to the pasteurized milk was developed but 

yet to be standardized (Waes and Bpssuyt~ 1982).· 



'!'he measure,ment of electrical impedance using 

BactJrometer 32 offered a definite time advantage! 

approximately 7 versus 48 hours for the standard plate 

count when examining .ratf milk samples. 'nUs test 

involved a procedure in Which mioroorganisms g~owing 

in liquid medium produced eleqt~1Qal resistance of the 

SOluti,on (Gnc;1n alld Lpedecke, 1982). 

(i) Limulus amoebol'ysate test, (LAx..) 

The, amoebocyte was the only blood cell of Limulus 

polyphemUS (horse shoe crab) and the clotta):)le blOod 

protein ,came from this amoebocyte~ The LAL developed 

from an observation that a vibrio caused infection 

',resulted in clotting of Limulus blood, (l.evinr and :ean5J" 

1964). In the preSence of endotoxino of Gram negative 

,bacterial (GNB) cells, the lysate gelled and gave tllG 

appearence of a poSitive CQagULase tube test (Jay, 1977" 

Culbertson and Osburn", 1980). 

(a) Chemi.oal comROsi tion and bioloQical effects of 

endotOxin; 

Lipopolysaccharide (LPS) molecule attached to the 

outer wall of the GNB and once thought to be released 

only upon their death was noW known to be a produot of 

normal growth. The biological effect of endotox1~ would 



have pyrogenic effect, haemodyn§miq effeot, disseminated 

intra vascUlar coagulation, effect on complement system, 

, i'nduction 6f generali zed Shwar'tzman phenomenon, gran\llocyto­

paenia and effect on immune, n~~s and hepatic systems 

(CUlbertson and Osburn, 1980). 

(b) A;raplioation. 

The most widely used though so~what controversial 

assay was tAL test (Culbertson and Osburn, 1980). 'Ihe 

Limulus amQebolysate endotoxin assay had been used in 

assessing microbial quality of groWld beef as a "apid 

sensitive indicator system (Jay and Margitic, 19791 Jay' 

~~.; 19791 Jay" 1981). 

t.imulus amoebolysate test, Easlcul t method and direct 

sampling method for surveillence of operating nebulizers 

were studied. The LAL and Easicult method were sensitive 

enough to detect 103 colony fOrming units (cfu) per ni~. 

The LAL detected the endotoxin content of GNB but not the 

viable bacteria. The tlrnulus test was considered as a 
, . 

valuable procedure in clinical miorobiology for it could 

detect moderate to heavy microbial contamination ~ithin 
---. 

one hout of test1ng(Reinhart et al., 1981). In soreening -- . 

urine for Ql~ LAL test had been applIed (Naohurn and 

Shambrom.. 1981) • 



~ 

The Limulus in vitro endotoxin assay was evaluated as 

a possible method for the prompt detection and measurement 

of endotQxins of GNB in mil'k (Luzio and Friedman .. 19731 

Hartman et al... 1976). The endotoxin was resistant to --
p;lsteurization temperature (Luzio and Friedmann, 1973). 

(c) Sens.ttivitx of the teSt' 

The test deteoted 0.001 A9 of !.SS!! endoto~n. in 

0.1 nt sol.ution. C()mmero1al. milk sa~les contained 30-130 

Jlrmt with a 16 fOl.d increase in samples held at 24 hours 
, 

at room tempe rat ure (Luz!o and Friedmann,- 1973). 

As the LAt. test was described a Simple ;o;lpid and 

rel.1able method for assessment of endotoXins of GNB. 

Th1s method was preferred crnong other rapid sareel)ing 

tests which measur.ed both GNB and other microbes. ruB 
test ~equired one hour for asseSSing the quality (Hartman 

. .2S.. ~l.. 1976, Jay ~ ¥... 1979). At concentration of 

1 x lOS to 2 x 105 of E.coli, Klebisiella sp. and E.oloacaa 
~.~ ,._ . ~ 

this test required only 10 ... 15 minutes; fo,t' assay (Naahwn 

and Shambrom, 1981). 

(E) Detection and Identification of coliforms. 

(1): Standard conventional. systeml 

The procedure for collection of samples for 

microbiological analysis (Indian. Standards No.1479 -



part. I - 1960; Indian Standards No.S404 - 1969# ICMSf 

:/ - 1974) and the oolleotion of samples on random and 

non-random .basis had been suggested (Harrigan and Mccance" 

1976). The swab method and rinse method of oollection of 

material from dairy utensils for bacteriological examJ:nation 

and the standards for the grading had been documented 

(Indian Standards No.S253 - 19(9). 

Detection and enumeration of coliforms in the milk 

could be done by employ~ng presumptive test (MUltitube 

technique) in liquid medi urn, pr:eswnpt! ve test in solid 

medium (colony counts) end complete test in solid medium 

(Indian St andards No .• 5402 - 19691 Indian Standard$ 1479 ... 

Part III - 19(2). Statistical methods for seleotion 

picking and examination of COlonies from plate cult~e" 

of a pour plate method had teen narrated (Harrison; 1938; 

Ha.1gan and McCance, 1976). procedure for enumeration, 

isolation <:).nd identification of EscheriChia coli responsible 

for food poisoning had been described (Incll.an standarda 

No.S8S7 - 1976). 

The conventional procedure for differentiation of all 

the members of, Enterobacteriaceae ~ith diagnostio key or 

tables had been in existence (Edwards and .EWing, 1972, 

BuchanQn !S al.; 1974, COwan, 19741 Harrigan and McCance, 

1976). These conventional methods of identification of 



baoteria oonswned minimum of 96 hours and as suoh time 
J 

consuming and laborius. It took a lot of time for the 

I preparation of glassware. media and washing after the 

test. Hence the food and clinical, microbiologists did 

not prefer, as the results were not available before 

processing or sale of milk and 1 ts products (SWanson and 

Collins, 1980, Fun~ and COXj 198~) .. 

, 
(11) Rap1d tests for _Identifioation of the Isolates. 

(a) Diagpostio Kits, 

Industrious miorobiologists, always intere~ted 1n 

finding ways ~o qUiokly identify bacterial isolates from 

clin1oa~ food and environmental samples; had developed 

min1at~ized miorobiological teohniques and diagnostic 

ld ts in the 1 ast deoade to meet this need (crutckshank 

et a:L., 1975, Fun9 and Cox, 1981, Mae Faddin; 1980). --
Disgnosti,c ki.ts evolved for ol~nf:oal isolates had been 

currently used for food isolates also. Many systems of 

diagnostic kits are oommeroially available which include 

~PI 20E, EnterotWle. Micro ID. Entero-set, Min1tak and 

R-B syatems (Cruiokshank ~ ~., 1975; Fung and Cox,- 1981) 
" 

Conventional test results were Qorrelated and it was \ 

observed that food isolates tested ''lith API aOE, Enterotu.J:.>e . . 

and l-Unitek systems correlated at 99% (Poelma ~ .!!:_., 1977). 



In the accuracy aspeot. the Conventicmal Association of 

Official Analytical Chemists' procedure gave the a::ouracy 

'(96.1%) in identifying 440 aul tures; followed by M1n1te~ 

(91.6%), Enterotube 89.8%,API 20E (89.S%l and pathotec 
-

84.8% (Poelma et al.; 1978). 
~~ 

'In a study on isolates from meat using API 20~ and 

R-B systems the API 20E and R-B system correl cced at 82% 

and 72% to 80% respect! vely with conventional system: A 

study could, be completed in four hours with Micro 1D system 

(Q:)x and Mercur,1~ 19781 Mercuri and Cox~ 19791 Cox and 

Merouri, 1979). 

Benefie1al use of API 20E system to identify clinical 

isola tes Q£ Enterobacteriaoeae had also Deen _ftiade (Swans'on 

and Collins, 1980). Zt had baen reported that nt) shortened 

mini i~entif1cati()n scheme could ever be as acoura.te as 

conventional system. However with all this J. ack 1n accuracy 

the food microbiologists qoni::inue to seek rapid methods to 

identify isolates from food for its easiness, simplicity 

and low ,COSt as .1 t is 4-5 timGs cheaper than conventional 

methods and as the qu~ity and safety of food must be 

determined a~ quickly as possible before the 1ngred;lents 

and foodG 'are released for processing or sala (Fung and Oox# 

1981). 



(b) other testsl 

An automated rap~d test using auto analyzer II system 

for Escherichia coli in milk by meas~ing the presence of 

glutamate de~a;boxyl ase was studied. This system \1a8 

capable of detecting as few as 50,000 ~.~ organisms par 

mi1 of milk (MOran and Witter, 1976). 

3. Role of coliforms as a milk borne Enteric pathogenJ 

NeW socto-econom1c artd political demands for 

cOllS"ervat;ion of eneJ:'gy, water and food product.s coupled 

with changes 1n l .... fe style including more meals eaten 

avay from home waul d require neti' approaches to milk food 

handling. These modifications might increase or uncover 

new hazards and potential opportunities for food borne 

health hazards. Microbial hazards Will. remain a major 

problem in the food protection for the 80'0 (Busta, 1979). 

A number of recent advances and a recognition of enteric 

pathogens and tlsir mechanisms of virulence had revolutio~zed 

enteric micr9biology in the last decade (Richard ~ al., 1981). 

In the publi~ health significance of milk borne infections 

and intoxications, St2Phylococcus, Clostridium, !.S2!.!, 

J!.oereWl, Streptococcus and Aspergillus were incriminate<l 

(Batish et al., 1981a,b). --



Milk and milk products like ice crean# kulfi, dried 

milk and cheese could be cont aninated wi th t ox1 genic 

strains of Escherichia coli ~1h1ch elaborate the 

enterotoxins under favourable conditions. Contaminationa 

of, milk and $ts prodUJts with .!.~ serotypes oapable of 

producing infections and enterotoxins could take place at 

any stage frqm production through other stages of processing 

(Ranganathan, 1913, Batish et al., 1981a). -- Ingestion of 

microbial toxins already synthesized in the milk or milk 

products (.1..e. preformed) bring atout diarrhoeal s~dromes 

in the consumers. This ~las called "intoxication". 'l'he 

toxins affecting gastro intestinal tract were known as 

enterotoxino. On the other hand ingestion. of path9geni c 

microorganisms along \'1i th milk foods leads to their lodgement 

and establishment in the consumer's organ. ThiS was termed 

" as in~eGtion; There are yet other organisms which infest 

intestine when ingest Ed along with the milk foods, produce 

toJdn in situ to bring about symptoms of poisoning. This 

was called as ·'toxi ... 1nfection" (Batish et ale # 1981a) 
, . -....... 

(A) Esch.erichia 0011. 

Gastrointestinal illness caused by !.coli is the 

diarrhoeal disease which may resul.t from ingestion of 

large nwnbers (106 -lcP ) of enteropatrogenic Escherichia 

co11. Because of t he greater likelihood of poor sanitation, 
\ 



this illness is more common in t he developing natione 

than in developed coun tri as. !._c_o_li_ had been :r:esponsible 

, for the death of young children and the discomfort of many 

vacationers. Sporadic diarrhoeal outbreaks in nurseries" 

a severe cholera-like syndrome clinically indistinguishable 

from that caused by Vibrio cholerae and a shigella-like 

illness were reported. 'lhese problems might sometimes 

result from consumption of, food or water corH:cd.n1ng :large 

numbers of these bacteria (Sack, 1980, Sack, 1981). 

Enteric d1s~ases qaused by en~e~opath9gen1c !.coli could be 

classified into four major categories. 

Classical Enteropathog3n.io E.ool! (EPEe) commonly _ ,J 

referred to serogroups of !. 0011 J historically were 

asSlOcl ated with outbreaks of d1ar~hoea in young ohildren 

and infants. Facultatively Enteropathogenio !.coll (FEEC) 

" were non-EPEC serogroups associated with sporadic dia~rhoea, 

and included many Serogroups assoaiated with the normal 

intestinal flora. Enteroinvasive E.coli (EXEC) exerted .... ,,' 

their patl'DgeniC effect thJ:oough an invasive Shigella like 

infection of the gastrOintestinal trac:t, characterised by 

fever" diarrhoea and dysentry With toxaemia. Enterotoxigenic 

,!._co .... l_1_· (ETEC)-,-was conunonly isola ted from outbreaks of 

traveller's diarrhoea, ~nfantile diarrhoea and sporadic 

nursery outbreaks and inoluded those strains which produced. 

a heat-stable enterotOxin (ST) only or a heat ... lab.:Lle 



enterotoxin (LT) only and/or those producing lx>th ST and 

LT. These organisms adhered ~d colonized the ~ithelial 

qeli surface of the proximal small intestine. This 

colonization was medi ated by speoific types of fimbriae 

which are host-specifio. 'Ibxigenici ty was plasmid-related 

(SaCk, 19611 Gaastra and Gra:nf, 19621 Kornacki and Marth~ 

1962b) • 

(1) Enteropathogenic .!.coli (EPEe) 

Classical enteropatmgen1¢ !.col1 (EPEe) oommonly 

referred to serogrouj)S of !.S2!!., historically, were 

associ at ad wi th outbreak of d:l arrhoea in young ohil dren 

and infants (Evans ir. ,gl al., 1979). These serogroups 

.included 0120, 0126, fi'ilS'ti, 0:46" 0155, 0166, 0,111, 01114, 

01119, 0112S, 01126. Oi127, 0.126, 0.142, 0.158 ,and 0.159 

(Orskov and Orskov, 197'''' Evans Jr. et al., 19791 --. 
Mehlman and Romero, 1962). Several serotypes that were 

particularly common among enterotaxin producing strains 

were identified. They were 0,126 and 0,129 (EVans Jr. !.5. 2!_., 

1979). Sinoe infantile diarrhoea was a leading oause of 

death in ch;tldren under five years of age in ~veloping. 

countries, it appeared possible that these organisms 

might ,contribute significantly to this mortality (Sack" 

1980, Kornacki and Marth f 1982b). 



The mechanism of act.:l.on of EPEe was presumed to be 

of ETEC type, and Shigella toxin type., However # seoretory 

, type of response was COllUlPnly observed (Gangarosa, 1978, 

Sack, 1978). 

(1i) FacUl tatively enteroetho9!n1o '!.s.g!! (FEL:C) . 

FEEC are non-EPEe serogroups, associated with sporadio 

d1arrboe~, and included many serogroups assQciated w:ith the 

normal intestinal flota (Evans Jr. et al • ., 1979). It was . ~ -. ~ -~ _.-_ -' 

propoEd th dt !.coli aerogroul?s 011, 0,2. 0.4, 0'.6, 0,7, 

OIlS, 01,19, 0121, 0.25, 0127, 0151, 0.73-, 0.7.5, 0.78, 0.83, 

0.85 and 0,117 be alassified as FEEC When t.hey were associated 

with diarrhoea or enteritis and exhibited a haernagglutinatton 

pattern which was referred to as typE! III (Evans Jr. §!..!!. •• 

1979). 

(iii) Enteroin'lasive £.0011 .(EXEC) 
. . ... ..__... 

The serogr:oups of EIEC included 012S, 01112, 01115, 0.12 

0.136, 0.143, 0.144, 0.147, 0.152 and 0.164 (Evans Jr. ~ al., 

1979, Tullock et al., 1973). ........ .._.... -. 'lbe invasion into coloniC:: 

epi thel! urn end mul tipl! cation Wi.thin the mucosa were two 

virulence att-r1butes of this type. 

(iv) Enterotoxigenio !.ooli (ETEC) 

ETEC included those strains whioh produced either ST 

enterotoxin alone or LT enterotoxin alone or both ST and LT 



(~no Jr. at: al., 1979.1 Raskova and Raska, 1980). --
These stra~ns were cnaracter.ised by their abilit1 to 

proliferate in the anterior part of the small intestine 

and by the producticm of one or both of two types of 

enterotoXins (S~th and Halls, 1967a,b., Raskova and 

Raska, 1980, Qaastra and Graaf, 1982). Colonization of 

·mucosal epithelium was mediated by specific adhesions t"lith 

wbicl1 the ~eUs could resist the flushing aot1.on of the 

per1stals~8 of the gut (Gaastra and Graef ~ 1982). 

The sero group of ETEC strains, mostly from spo'rad!c 

c:asesj were 0.'6.o.H.16, a.S-RI9, OtlS-H,ll, O.2S-Hi42, 

OI7S-H',11., O.7S~HI121 OI12S-H,?, Ot149-H.10, Of15~-Hj4 

(Orsltov and·.Orskov, 1977. Sac}t, 1978). The other ETEC 

oerotypeo reported with colonizing factor antigen/I (CFA/X) 

and CFA/XI were 0,63, 0,114, 0.153, 0,80, 0.85 and 01115 

(Craviato ~~., 1982, Gaastra and Graaf, 1982). 

CB) Other col1follns of impqrttancar 

Non;"E.coli aoliforms ai.so appeared to be oapable of ,- ' 

colonizing the hwnan gut and produoing potent enterotoxina 

of high yield ('lWe<it and Boutin, .1979). Dur~ng the las,t 

few years strains of KlebSiella, Enterobaoter and 

Citrobaoter' of which some were shown to be enterotoxl genid 

had baen 1sol.ated from stools or the intestin aJ. tract of 



children and .adults in several epidemilog1~al studies of -acute 

and chrOnic d1arr~oeal diseases (Klipste1n .2S !!.. # 1973;. 
J . 

, Rlipstein and Engert, 1975, TWedt and Boutin,. ~979' BaQ~ 

et ale # 1980, Sadruddin at. al., 1981). The heat stable _-- .............. 
toxins p+oduced l::lY these str ains were ~pur.tfied and the propE)r­

ties atudied (r<11pste1n and El:lgert, 1976a,b). 

:tt was ~ostulated that a fam!l'f of ellterotox.1n~f Jt4ght 

exist among the various members of Enterobacteriaceae 

(TWedt and Bou~n, 1979). Recent f1ndin~s had suggested 

that plasrn1ds encoding %or enterotoxin might spread between 

related species. In fact, the intergener1c transfer of. 

" plas~qs among menbers of Ent.erobccteriaceae was Olle of the 

reasons for the di,ff1cul. ties encountered when at udy1ng the 

9~net!.c relatedness of the, famil'Y (Sanderson" 1976). 'lhe 

non !.coli. bacteria were generall.y more labile entex::otoXin 

producers;. than ! . .22!! strains ,(Baclt: !1 2!.- ~ 1980). 

In a' stud~, the .enterotoJdgeneclty of 12 strains of 

coli forms comprl sing . Enterobacter cloacae I .. Klebsiella 

l2neumoniae and _! • .2.2!!, isolated from the gastro intestinal 

tract of per~ns with cij.arrhoea i were ~ompared wi t.h that. 

Qf the 13 stratns 'of aoliforms from urine culture 

(Klipstein et al. * 1977).. The heat s't;able toxins from --
these isola tes were studied in rat jejunal perfusion mOdel. 

All, 12 gastro intestinal strains and ~nlY' 6 of the 13 urinary 

• I 



strains elaborated one or both forms of enterotoxin. 

The tOXin was weak from the isolates of urin.e., but had 

a minimal effective c:onaantration of toxin aa low as 0.1 

to 10 ng/ml: from the 9astro~intest1nal isolates 

CKlipstein et ~l~, 1971) 

T.he heat stable enterotox1ns produced by Rlebsiella 

Rneumoniae and.Enterobacter cloacae had been assayed .in 

rabbit ile~l loop for fluid seQretion (Klipstein .~ ~. 

1973-, Blipstein and Schenk, 1975). The toxins produced 

by these stra1.ns were reported to be heat stable at 100·C 

f6r 30 minutes and. of low molecUlar weight and hence they 

were not antigenic (l<l1pste1n and Engert, 1976a"b). 

~ a comparative study~ it was indicated that ~he 

close immunological relation~hip of cholera toxin and 

E.coli hea!:t-lab11e toxin eJd,ste¢! with the heat labile --
toxins of Rlebs1ella and E.closcae and to a lesser - ....... --. .......... 
extent to the heat stable togins of E.oo11 and Klebsiella 

- ... '-
pne\L-non!ae. This similarity between enterotoxins of !.coli 

and other coliforms supporte~ the hypothesis that these 

toxins were mediated by plaamids transmissil:>le between 

species aQd genera resident. in the human intest.ine 

('lWedt anq Boutin, 1979). ~n an epidemiological 

tnvestigatlQn of recent n~sery outbreak of diarrhoeal 

disease, nine different serotypes of th~ee different 



species of enterotoxigenic organisms viz. E.coli 
-~ 

'Klebsiella and Citrobacter were identified (~errant 

et a1. # 1976). 1be authors opined that the outbreak --
could have been related to the intergeneric spread of 

toxigenic1 ty by a plasmid (Guerrant ,S$. !!!. i; 1976). 

Food, medical and public health microbiologists 

should be aware tha~ non !.coll collforms might also. 

develop pathogenecity as a result of acquiring plasmids 

while being maintained in the environment or in the human 

host. Strains that were routinely dismissed on taxonomic 

grounds dUring microbiological examination of suspect 

food, might actually pose a potential public health 

hazard~ R~cognitlo~ of these organisms should ~herefore 

~ely on tests for enteropathogenic capabilities (Twedt and. 

Boutin, 1979) •. 

(C) Historical food and water borne outbreak& ~ 

, 
During the last 9S years .!.coli had been considered 

to be a potential pathogen for men and domestic animal" 

(Mehlman et al., 1976). Infections O'aused by this --
ba.'lterium had been studied since the early 1900s When a 

relationship between !.coli and white Scours in cal. ves 

was noted (Gangarosa, 1978). In the 1920s and 19308 

studies suggested that strains of !.ooli caused diarrhoea 



among infanta (Gangarosa, 1978). In the 19408, it was 

aemonstrated that these strainQ were of global importanoe 

in producing ~erioue outb~eaks of diarrhoeal disease in 

nurseries. At this t;J.me mortality rates ap~roached 50% 

(Mehlman!1 al~, 1976). Since then the epidemic pQtential 

of en teropathogan10 !. cOl.1 had diminished notably in. the 

developed nations because of improved sanitation, efficient 

m~agement of nurseries, increased lJWar«;tness of the potential 

illness, wiser use of antibiotics and administration of 

f~u1ds (Melllman!$.!!_., 1976). Since a large inoculum of 

enteropatlhogenia Escherichia ~ (106 _ lQ9) WeiS required, 

1.0011 d1arrhpea like cholera, required a 'Very insanitary 

environment for transmission Of the illness. 1b1s waa 

attributed as a reason why enterop~hcgen1Q !.oo11 was 

still an ~mportant Qause of dialirhoea in deve,J,op.t.ng 

nations (Gangarosa, 1978). 

The first recognized outbreak of gastroenteritis 

ca~sed by !.eoli in adUlts from the western hemisphere 

occurred at ,a conference center near Washington DC in 

1967, and was traoed to a contaminated non~dh1orinated 

well system. "l'fie wells prOviding water to the conferenc::e~ 
~ 

center were. improperly a:mstrt\oted. The water of the \; 
\, 

wells had high coliform COWlts On several oCX)as1ons and 

].0011 O'l11-BI4 •. a known patbJgen, wse isolated from it 



and from the stoola of some of those who bad been ill as 

well as a few of those who had not become 4,11 but had been 

present at the oentra during the diarrhQeal episodes. While 

it waa not concluded that E.aoli 01111-B14 caUJed the . _............ ". 

illness, it seemed likely that it did it (SdbQreder et al., --
1968)0 ' 

The f1 rst well_dooumented outbreak of dairy foodborne 

illness due to imported cJ1eese in the United States oocurred 

in 1971, and invo,J,ved atleast 187 persons in 107 e¢sodes 

wall E.ooll. E.coli 0,124,. and Ot125 were isolated from faeoal ...... ,"_- -, 

spectnens obtained .from patients 4.n1101 ved ,t,n the out.break. 

~idemiQlogically this o~tbreak was traced back to the 

oheese p;Lant and !.ooli aerotypes 0.124 and 0.125 weJ;'e 

isolated. Saveral of these samples contained Enterobacter 

hafniae strains whioh croas reaoted with E.aol! 0111~-BI11 - ----
antisera. Counts revealed lOS to 10' !~coli 0.124 per gram 

'of cheese" Counts on cheese in the ripening prooess showed 

102 and 103 coliforma per gram. .!.doll 0.124 isolated from 

the patients and cheese, were shoWn to be invasive and not 

enterotold.genic (Marrier .2S. .!!.., 1973). 

Between 1.969 and 1972 E.oo1! accounted for less than 
,_ ~ ............. 

two percent of ~he outbreaks of f'oodborne illness in the 



united States and less thqn six percent of total ~ases of 

bacterial gastJ;'oenteritis (Mehlman et. al." 1976).. In 1971 _._ 
when the afore mentioned outbreak involving soft ripened 

cheese ooourred • .! .. coll J;'aQked eixth among recognized. 

etiological agents of baqterial gaat~o-enteritis (Kornacki 

and Marth. 19S2b). 

~n ano~er waterborne o~tbreak E.coli Ot6-Hf16 
.. -~~ 

W~UJ 1s01a1; ed ~J;'om ~he residents and from thei.t water 

supply_ '1'h1s represented about four percent of the 

total outbreaks of water borne illness for that yea;', 

and about n,iQG percent;.._ of the total cases. In 1976 a 

nwnber of people developed a dicurrhoeal illness during 

a .four day voyage on a cruise-ship. Nonmotile £TEe 

serotype 0,25 produoing L,T enterotoxin was leal. a:ed from 

the ailing people. 'rh1s was the first reported outbreak 

caused by _!.colil. produoing only I..T enterotoxin (Ancm. 

1976) it Several unidentified e·tiological factors were 

still there 1n 60% of food borne illness# declaring them 

as aetiology unknown~ (Busta, 1979). 

(D) Incidence of EnteropathOgenic coliforms and aerotms 

of B.ao11 
-',_~ 

In the last decade inoreasing attention had beeg 

:Qocuseed on the role of enteric baoteria other than 



Salmonellae and Shigella in diarrhoeal Qiseases. 
, 

Ent.erotoxin producing !.~ had been implicated in many 

outbreaks. An increasing nwnber of reports in "recent 

years had also implicated enterotoxigenic Rlebsiella l 

Enterobacter and Ci trobact er (Sac1ruddin at al., 1991) ~ 
, ....._._ .' 

r.rhe majority of ~.COl1 serotypes from mods were 

confined to Ot6, 018, O.~S, 0.79, 011.24, Ot125 and. 0,149 

st;~ogroupes, (Qrskov ~!!..; 19·76) Ma.r:rier et al., 1976). 

Other serogroups as 0111, 0155, 0.26,'; .0,126, 0.129 bad 

also been reported in a ·Clifferen·t geogr ~h1cal looation. 

(Ranganathan, 1973, Singh and Ranganathan. 1974). 

This indic~ted that apparently Wherever E.col! was ._ ......... ;;;;;,;;;;;, 

found, enteropathogenic strains mal' also be present, 

but the proportion of non-pathogenic, to enteropathogenic 

atr ains seemfad to vary considerably in any given 

enVironment" whether one con.eJ1ders the environment' or tlle 

type of fo04 in vol ved (Kornacki and Marth, 199 2l,) • 

(E) Eatabli8hed sources of contamination. 

Water had been incriminated as a probable source of 

ccntamination in the first historical outbreak of E.col! 
-. _. J 

e, 
diarrhoeal illness (Schoxper ~ ~ •• 19(8). The possible 

role of personnel .in contaminating the food was established 



\ 

by examining the stools of 219 food handlers. About 6% 

(If them carried EPEe strains (Hall et al., 1967'>. With -- -

the sanitary environment, marked reduction of the E. coli 
- --

enteric cu.seasea were reported due to improvement in 

sani tation in developed countries (Mehlmen et al., 1976, 
~~ 

Gangarosa, 1978, Sack, 1980). 

(F) Incidence of EPEe' and_ oolifoJJnS in Dairy. Products. 

(1) Kn important epidemioloscal studX' 

The isolation of $.0011 0:124 and 0.125. from an -- ' '. 

outbreak and ooosequentiaJ. oonclusive ep1demiological. study 

tracing to a contaminat~d oheese in another continent had 

been narrated (Marrier at al., 19 73) • . " , ....... ' __ -

(i1) .Incidenoe in Milk. 

Ten EPEe strains were reported in raw milk. E.col! --
S'irulent for mice were isolated from 45 out of 128 sanples 

of ratl milk. Majority of these strains belonged to O. Ss­

B.S and 01.26-B.16 (Ranganathan. 1973, Singh and 

Ranganathan, 1974). A survey of five raw milk samples 
_.----=-;: 

showed the presenCe of Qlassioal. EPEe serotypes (Glatz 

and Brudvig, 1980a,b). Nine sa~les of pasteurized,milk 

contcd.ned five mice virulent serotypes 0.26 .. 8.6. 0.55-BI5. 

0111-B.4" 01126-8116 and 0112S-B112 (Ranganathan, 1973, 

Singh and Ranganathan, 1974). 



In the study of role of mJ.l.k and milk prOduotB .:tn 

the etti.ol,.ogy of diarrhoea .tn 1nf ants~ it was pointed that 

out of 11 isolateQ of B.aol!, from milk food 10 \fere' 
" '" ... ~ "", 

oommon to the ,solates in stool of infanta (~s~a and Rao# 

1975). A report of enterotoxin production in milk by known. 

ETEC c\lltures waa made (GJ~atz and arudvi9~ 1980a), wherein 

production of haat labile toxin by one of the three strains 

teste~# at a pH above 6.5, ~aa observed. 

(iii) :rnci",enc::e.tn Milk Rroducts. 

Prevalence of EPEe and Qoliforms in ~lk products 

like ioe cream·, kulfi, cream, butter, oheese, yoghurt; and 

b~tter Jllilk were el(tensively roport ad Goel ~ ~. i 1911., 

Ranganathan, 19131 Marrier at a1.., 19131 Singh and --
Ranganathan, 197., Mehlman et al.,' 1976, Glatz and --
Brudvig, 198Ob). The p~esenoe of these organisms in 

\ 

pasteurized products \-Jere incriminated to 'the fall ure 

tn the sanit.ary manufaoturing prooedures or inadequate 

pasteurization or post pasteurizat.ion contamination 

(Kornacki and Marth, 19~2b). The majority of serotypea 

oi 8.0011 enaountered from food borne cU,oeases wero 0.8" .... ".'- -

0,15, 0,78, 0112., 0.125 and 0.149 though th~e were 

other serotypes in existence (orskov and Orskov. 1977). 

'lhe serotypes Qf 0,20 and 0.44 had been reported as E'l'EC 

from oheese in India (panhotra at al., 1981) --



· (1,,) Survival of coliforms in milk producrt:s. 

~ . 
Long storage period, low temperature, low bydrogen -

Ion con~ntrat10n had been reported to have a deleter!oua 

eff act on the. survival of coliforms in milk. The storage 

~erioa over 24 hours at 19·C in fermented m.i,lk product~ 

reduced the!~coli and ~.aerogenes count, with ~.coli 

sUrviving l()nger than §..aerogenes (G;)el !!:.. al., 1971, 

prasad at al., 1980). Growth of E. eoli was best con trolled 
---~ .... . . 

by the lower incubation temperatu.re and higher salt 

concentration (Frank and Marth, 1976). 

The factors which influenced the survival of coliforms 

in chee~e had baen extensively studied. They included 

temperat~e of storage, initial level. of col1forms in milk 

and cheese, length of storage, moisture content, amount 

and t.ype of starter ,culture, strain difference, hyClrogen 

lon-conqentration due to complet.e or partial. failure Off 

aaid development, .8alt1no, washing, presence of antibiotics 

in cheese,. location in cheese and t}'Pe of alleese (Fantasia 

.2!:. ~., 19751 Fran)( .!S. !A.., 1978, Mikolajcik, 1960, 

RornaCki and Marth, 1982a,b). 



4. Enterotoxigenio Ooliform81 

As, essentially all enterio pa~hogens are proven 

or preswned to be acquired by the faecal-oral route # 

they could be considered to be potentially transmissible 

via contaminated food or water (Richard at al., 1981). --
Food microbiologis~s recently added the names of Yersinia, 

Campylobaot.er and ent~ropathogenic !.col1 (EPEe) .to their 

voaabularf (Foster, 1982). Research needS exist to 

recognize "and cc:mtrol ne~1 unusual fooet-borne dise aso 

agents before they manifest themselves by massive and 

disastrous outbreaks of disease (Foster, 1982). 

~e global impaqt; of the enterotoxigenic !.ooli 

(ETEC) is huge. ETEC had been identified as the most 

common en~eric pathogen infecting travellers recen~ly 

arriving ~n developing countries and also in paediatric 

diaX'rhoea throughout the 'fIlorld (Shore et .!!., 1974, 

Saok . .2S, al., 1975, Echeverria ~ !!. i 197Bb, Echeverria 

et al., 1979.1 -- . 

Sack,. 19801 Sack, 1~81t Richard et al., --
1981, Kornacki and Marth, 1982b). 

ETE~ was also recognized to cause cholera like 

syndrome in the native adults, living in the cholera 

endemic areas, an occasional cause of nursery outbreaks 

of diarrhoea in developed countries and an occasional 



cause of common sourQe of outbreaks of diarrhoea se90ndary 

to faecal contamination of wate~ and fOOd (Sack, 1980). 

Several coliform species other than Escheriohia coli 

were often associated and possibly respons1~e for acute 

and chronic diarrhoeal illness ('lWedt and BouUn, 1979). 

Among .,~erto Ricans with Wltreated tropical sprue, these 

bacteria consisted principally of 1O..ebsiella pneumonia. 

and lesa commonly of Enterobacter cloaoae or,Escheriohia 

S2!! (~ipstein and Engert, 1975)~ EpterotoXins had been 

demonstrated ~n still other enterio organisms viz. 

,Enterobactor" Kl ebsj. ella 4' . C1 trobaoter and Proteus that had 

not )Jeen proven to pr <X1uee d.1 arrhoeal disease (sack, 1980). 

They had !:leen reported from a new 1:';x)t;n special care unit 

out-break (Gu.errant et al.4' 1976) and cX'l,1isesh1p outbreak 
, ,""'---

(Wachsmuth at al.... 19 79) • 
, ',--

(A) _En_t_e_r_o_t_o_x.i __ n_s_o,;;;,,;;;;,f !. 0011. 

(i) Charaot'ei:istics' of heat labile t.oxin (1.-r) 

?"he heat labile enterotoxin (LT) is antigeJ;licalll' 

related to tile enterotoxin produced by Vibrio cholerae. 

(Choleragen) and is nondialyzable. The molecular weight 

of LT is placed between 95,000 to 96,.000 daltons. It ill 

destroyed .at 60· C when held for 30 minutes. LT enterotoxin 



£nduces fluid seoretion in the small intestine. The 

LT ia antigenic (Mahl.man.2.! !!.., 1976j Burgess ~ &. # 

1978, Clements and finkelstein. 1979). The secretory 

J:'esponae of intestinal muoosa to LT 1~ delayed in onaat 

~nd of long duration, Whelieas; the intestinal ,"esponse:) . 

to stable. toxin is quick' in onset and of short duration 

(Saok~ 1980) .. 

(11 ) Heat St abl e toxl n (5'1') 

The beat-stable ent.eJ:'otoxin (ST) p,Jioduced by sane 

ETEC strains had been fOWld to be heat stable and dialyzablE 

having a molecular weight bet~en 1,000 .... 10.000 dal tons 

(Kltpste1n !l. .2!.~' 1976, Burgess ~ ~J.. i 1978, Clements and 

Fi~elste.1n; 1979). fbe ~t~genec1ty of 5T had been recentl 

est abliahed (Xlipstein .2!. al., 1983a). 

was syntQetically produced and found to have all the 

biological. properties of the 5T produced by the bacterial 

growth. The synthetic:: toxin was found to be antigenia 

(Rl1pste~n e~ ~., 1983b). 

(a) Classification of ST and its characters. 

'Fhe ST was classified as S',l'a and s~ in a porcine 

strain (Burgess .2!:. ~., 1978). STa is soll.lble in methanol 

with .lower thermal at abil1 ty, active in the infant mouse 



and neonatal p.1g1etsj whilst 8Th is insoluble in 

methanol with higher th~al stability and active in 

the ligated loops of weaned pig and, rabbit (Burgess 

~ al., 1978). Thermal stability of BOoC for 20 

minutes had been reportai with a pig strain (Olsson, 

1982)., Heat stabilit:y at 100°C for 30 minutes llad 

been J;eported with ! • .£2!!. ~. :eneumoniae and !. cloacae 

heat stable'toXins (Klipstein and Engert. 1975; 

Klipsteln and Engert, 1976). In human beings and pigs; 

the prQP9rtion of strains produoin9~ S'lb were more than 

STa (Rob1ch@d at ali, 1978). stable toxin had. been - -- . , __. ~ 

Qhar.acte~:f.zed by rapid onset and short dura:t:ion (Whipp' 

~. 21.; 1975). Recent studies combining ST -,and, 1.1' had· 

showed t~t the ST might also be antigeniQ and vaccine­

Qould be developed to proteot against either toxin. 

This immunogen had protected rats against ohallenge 

(Gianella .~ !!_. i 19B1 i lo.lpstein !S . .!it! I 1983a,D). 

, ~ mode of action of ST had been known only 

recently. It was demonst.-:ated Chat BT, purified to 

homogeri§i ty stimulated a marked increase in cyclic 

guanosine S· .... monophosphate (GNP) concentration in the 

~mall intestine; and that this increase preceded fluid 

secretion. Furthermore they showed that whep the 

an~maJ.s (Suckling mice) were 91 van cyclio a-bromo-GMP 



or oyclio B-bromo-adenosine 3·, 5' monophosphate, 

fluid secretion mimicked that induced by ST (Gianella 

and Drake, 1979). After intragastric injection of ST 

into the mice, there was a marked inorease in cyclic: 

GMP after t11ree minutes and this level, peaked to 10 

,times greate~ than the oontrol level. After this 

point it fell but remained above the control level at 

120 minutes later. Fluid secretion was induced 13 to 

39 minutes after injection. ~he increase 1n cYClio GMP 

before fluid secretion was consistent with the hypothesis 

tha t 81' induced cyclio GMP production which medS. a ted th$ 

secretary response (Gianella, 1978). 

The minimal dose of ST required to give a posi ti va 

response in suckling mice was 2.5 ng and in rabbits it 

was 10 mgm (Levine.~ ~;, 1980). Staples.!!F.~. (1980) 

described a highly purified ST produced by a strain of 

E.ool! from human origin. The t~in was active in .--
suckling mice at doses as low as 2.7 ng and contained 

18 amino aoid residues. The en terotoxin had been 

reported to occur intracellularly and extracellularly 

(Smith and: Hcilis, 1967b and Olsson, 1962). 

5Ta and 5Th activity in bioassay raised some 

doubt as to the usefulness of the infant mouse assay 

for ST toxin Since it was only sensitive to STa. 



However, it was suggested that in. future it be used 

. in conjunction with the rabbit ligated loop assay to 

determine if both STa and S'lb are present (Burgess 

2S. .2.!.., 1978),~ Reoently it was demonstrated that STa 

can be fractionated tnto two distinct moieties 

(Burgess et a1., 1980). There might be some human 
~-

health significance to these findings since it had been 

reported that partiall)' purified S~ ~rom ,i. coli H 10407 

(a human strain of ETEC) could be .separated into two 

distinct moieties by ion exchange chromatography 
I 

(Starvic ~~., 1978). Both components were active 

in infant mice, and appeared to have different molecular 

weights. Hence, they might correspond to the su})fractions 

of STa since they are lx>th act! vein infant mi ae (Kornacki 

and Marth, 1982b). 

(a) TxPical serotyP2s of ETEC • 

. The serotypes that are particularly common among 

enterotoxigen1c strains, regardless of geographical. 

location are O,6-H.l(», O.8.Hag, OllS-H.l1, O(25-lfI4~# 

0.26, 0,76-H.-11, 12, 01128~H.:.7, O.149-Hll0 and O.lS9-H.4, 

34 (Orskov. at al., 1976) --



(0) Disease manifestation in humanr 

One of the most common and perhaps the most 

versatUe enteric pathogen would be E.coli (lUqhard --
et ale # 1981) --

It was reported tHat three clini~l syndromes 

could ~ ~ndUQed by ETEC. The most severe of these 

wa$ a cholera-like syndrome which was QUn1cally 

indistinguishable from that caused by ~.eholerae. This 

syndrome could be fatal altoough the mortali ty r~te was 

ill-defined (Richard !t ~., 19B1). It ~as commonly seen 

in 9~ograph1c l.ooations where cholera 'tIas endemic: (Sack, 

1978). secondly ETEC'daS the most conmon cause of 

traveller's diarrhoea. This illnGss was relatively 

mild. It had been suggested that traveller's from ~e 

developed countr! as ware rel at! vely non-immWle and 

developad the iilne ss Wi th greater frequency (30% - 60%) 

within the first three weeks while visiting developing 

countries. It was not known why this disease was 

relatively mild considering the severity of the 

cholera_like illness (SaeX" 1918). The third sfrldrome 

was infantile diarrhoea, also more conunon in developing 

than in developed countries and a leading qause of 

mortal! ty among ch11dren less than £1 va years of age .. 

ETEC might be a Significant contributor to this problem 

(Sack, 1978). 



In the most severe form, volunteers experienced 

severe diarrhoea,. with the passage of 5 to 10 watery 

stools per day, lasting upto 19 days II 'n;)x1 99nio .§._c_ol_i_, 

was reoovered in l~ge numbers from jejunal and ileal 

oontents as weU as from the stools. Travel history, 

wat~ry diarrhoea" nausea and vom!"'ti6n would be the 

history with ETEC diarrhoea. ~~e illnes~ lasted 3' to 

19 days (Richard!! .!i.~' 1981). The mean incubation 

period was 26 hOurs' and ranged from B to 44 hours after 

ingestion. A four-fold increase in serum antib9dy,was 

detected in 5 out of 7 men studied with the illness. 

To induce diaJ:',t:hoea Wi,th. these two strains of ETEe, it 

was necessary for volunteers to ingest from lOB to 1010 

organisms (Dupont .2S 2!_.,. 1971). The inoculation necessary 

to ini t1a1::e illness might be dependent upon existing 

conditions in the stomach at the time of ingestion (Dupont 

et al." 1971). This level (10
8 ... 1010) of ETEC neoessary -- . 

to initiate diarrhoeal illness was generally accepted, 

although smaller numbers of ETEC might be equally 

effective: with freshly isolated strains (Mehlman ~ i!.., 

1976). 

(D) Host S:eeoificity and Immunit~. 

ETEq appeared to be host-specifio. When ETEC strain 

263 which caused diarrhoea 1n piglets, was fed to human 



volunteers at levels of 106
#. lOa and 1et° cella, only 

one out of 4 men ingesting 1010 cells became mtldly ill. 

Although it WqS isolated from stoola (108 per i) and was 

present in the ileum (1 x 106 aelle· per m.i. of intestinal 

fluid), it could not be found 1n jejunal samples. Xt was 

suggested that this might have resulted from f cUlure of 

the organisms to multiply in the small bowel or from 

species insensiti've to "Swine" enterotoxin (Dupont .!S. !!. 
1971). However, When nonpathogenio. !.~ 1< 12 was made 

the 'rec;:ipient of a plasmid aociing ~Qr production of toxin 

and ~ed to animals, it was not; co,q,s1stently pathogenic: in 

all hosts although tOXin was produced as demonstr~ted by 

!!l vitro tests. When another plasmid COding for produotion 

of an antigen involved in the adhesion of these cells to 

the small int.estine was inserted into these toxin prodUQtion 

oells, the ability to produce diarrhoea was est~b11shed 

(Mehlman .!1 ~., 1976). COntrary oplllion of laqk Qf. 

strict host specif~c1ty also prevai~ed. The presence of 

K 9g, K 8aab end I< 88ac antigens 1n the .~.coli isolates 

from both cow calf and human sources was an indicccion of 

lack of striot host: specificity (Kumar at .!t., 1962). 

The antigEnicity of ST had recent.l.y been established 

(G.t.anella ss !!.., 1981, I<lipstein et ale -I 1983a,b). A 

complete understanding of the organisms in its immunological 



perspective might eventually lead to the development of 

an effeative vaccine of major value in diminishing the 

diarrhoeal problems (Sack, 1981). 

(2) Correl etion o£. Serotype and Tox1gen1cl.tx, 

The relationship between serotype and enterotoxin 

produo1;1on in 109 ETEC strains isolated from 109 patients 

with severe cholera~l1ke d1arrhoea in Dacca, San~esh# 

was studied by Merson .$ ale (1979) • They dsm:mstra ted 

tha t atleast in one geographical setting~ !.S2!! et;rainE) 

producing both heat-labile and heat-stahle toxins :were 

more restricted in their 0 groups and O.K:H. serotypes 

than was !.coli tl'at. produced only heat-stable toxin. 

There were 69 strains which produced both toxins, of 

these 59 (86%) belonged to one of four serogroups (0.6, 

0.8 .. 0.78# 0.115) and 56 (81%) of these strains be-longed 

to one of six O,X.H serotypes. However" the 34 straino. 

\orhich produced ST only, \'rere distributed among fifteen 

o groups. Q~y eight (24%) of trese strains were found 

in tre ~our major J;.T ... ST 0 gmups. On a similar study 

on !.coli strains, 33% possessed 0'6, ·0.8 or 0,7E3' 93% 

of these were stable producers of LT and 86% produced 

both LT and ST. 0;'78 strains possessed CPA/I whereas 0.6 

and Oia possessed CFA/J:I. The ttlO most commonly ",solated 

serogroups whiQh produced 5T on~y were 0.78 and 0,128 



(Ba,tk ~ al., 19$0). Oth~ serp.groups had also been 

reported. In Japan in 38 outbreaks during a penod of 

a deoade) occurreJ}ce of 0.6-H,16 (1.'1', ST) O.ll.Hi 27 (ST) 

O.159-HI20 (5'1') were reported (Mehlman and Romero, 1982). 

In India, 0,1, 0.11, 0117, 0.36, 0,38, 0,44, 0,59 and 

0.125 were isolated from the diarrhoeal case~ of infants 

(Kumar et al., 1982). , _,_ 
This type of information would, be of great importance 

to develop se"olog:l.cal pools for use in slide ag91 utinatiOl 

tests that oould be used for rapid Simple diagnosis of ETE~ 

disease and for epidemiological investigations (Merson 

et al., 1979). 
~".--

(f) Adhesins as v1rul enc:e attributes I 

A non flagellated host speoific filamentous appendage 

and its· significance was first described by Duguid 5 !!!. 

(1955).. 'l'hese non-flagellated filamentous appeo::lages were 

called ,as' fimbriae ~ Duguid ~ !l.(1~55) and later were 

called. as pili by Brinton (1965). Now, since these 

appendages were primarily inVOlved in adhesions these a.t;'<i 
-=r, 

termed as adhesins (Gaastra and Graaf, 1992). These 

appendages are ·thinner and more numerous ~han flagella 

and oonfe~ adhesive properties and haemaggl~tinat!no 

aotivity to· the bacteria. These fimbriae had been 



claBsified into several typos baa~d on tbGir HA property 

(DugUid ~~. # 1955, Brinton, 1965). 

Tho adh9sivo propertiesCl1\tl haomagglutlnaUoll prC)p9rt~ 
I 

of type I f1m])riae. prodUQad by majority of !.~oli.a.t'e _.) 

~nhib1ted by D.mannoso and are called mannone) tiensitive 

haemagglutination (MSHA). These adhesive p:.ropertiea 

helped to Icoloni ze the epi thelial sur~acas and tberefe>ra 

contributed to the patmgenGaity of EPEe strains (J3rintQn, 

1965, Brinton, 1967~ DugUid and Old, 1980). 

In contr~st to typ3 X. fimbriae; another <;laos of 

!.doli fiJDb~1ae seemed 1;0 ocowr exclusively on ETEC. They 

adhsre to the intest~al epithelia of very limited animal 

~peci ea and·, spec.1 fie ally agglutinate only certain special) 

of erythrooytes. Xn contrast to the typs I fimbriae, tho 

HA activity of these adhsaino waa nof; inhibitod by 

O.manncs9 and are aal+ed mannooG reaiotant haemagglutinat10n 

(MRIlA). 

These, adh3sins whioh occur exclusively on ETEC ara 

surface cn~~gens which conferred adhesive pxoperties to 

the ETE~ t9 coloni ze th e intesti nel epi tJr:s...J..t lim. of animal:s 

and man. Tho first ourface antigen waa recognized in the 

oeqema disease and cnterlt!o of Gt11no in 1961 (Orskov 

at a1... 1961). A alm11 ar porcine C)ntigen 987 was also 
~-....... . 



recognized subsequently. Among calv,es, a similar 

antigen K 99 was reported in calf enteropathogeniC: 

strain of E.ool! (Orskovet al.4' 1975). - ------ ~-

A aur1;~ce antigen with qharaater.1stics similar 

to K ae and K 99 antigens of animals was first described 

in a human ETEC isolate made .from a diarrhoeal outb~eak 
'. 

in Bangladesh (Evans et al., 1975). This surface antigen 
~ ~-

Has called CPA,/I "((lhen a second immunologically distinct 

surf ace anti gen from human E'l'EC was cUQco ver 00. The 

second surfage antigen was consequently termed CFlVII 

(EVans anQ Evans Jr., 1978). The human footo~"was alao 

ablo to 9010013e rabbit mnall. intestine (Evans and EVans 

Jr., 1978" Evano Jr. et al.; ,1979). These st;,uQt~es" 
. --

were found necessary for the ETEC to express their full, 

pathogenicity (Evans Jr • .2:S..2l., 1979). 

The haemagglutinating typing system for ETEC with 

CFA/I and' CFA/II had been proposed (Evans Jr. !oS:!!., 

1979) • The associ atio n of CFA/I and MRHA of human and 

bovine or human erythrocytes and of CPA/XI and MRHA of 

bovine erythr.ooyt.es had baen establi Sh<3d (Back !$. al." 

1960, Levine et al ~ 4' 1960, and Denelte at al., 1981.) • 
-,"'_' ............ 

The location of crAIl or CPA/II and enteroto~n 

produotion on the same plasmid. obviously explained the 



plasmid. borne char.:cters and close association of both 

the properties (Evcns ana t:vans Jr., 1978, Levine et al. --. 
1980). Con~roversy had creepeq over the prevalence of 

CPA/I and CFA/II in human ETEC strains and the necessity 

of the 8ante to manifest viruJ. ence and aau~e intestinal 

colonization and immunological response (Levine et ~., 

1980). 

One expl.ana~1op 'for ~esults of studies whioh 

indicated a low prevalence of CPA's had been the loss 

of CPA plasmids before testing (orskov et al .• # 197th 
, . .--

Gross at ali, 1978). AlternativeJ,y other adherence ---
factors might be present in strains lacld.~9 CFA/I ot' 

CFAjIZ (Deneke .!! ~.# 1979, Levine.2S £ .• 1980). It 
, 

was also demonstrated that six E~EC strains which caused 

disGaElO in humans did not cause .MRHA of human bovine or 

guinea pig erythrocytes and lacked CP'A/I or CFA/II 

(Levine . .!1. al., 1980). 

They concluded that there existed 1n hwnan ETEQ, 

other adh~sion pili not assooiated with MRHA or other 

8urfa~e struqture that served as colonization factors 

such as polysaQcharide, slime layers or lectin.~ Sorna 

other attachment pili of ETEC differed in their HA 

pattern from those of CF~I and CF~II. They were 

physically and chemiQal~y distinct from previously 



reported pili types (Deneke et al." 1979). Denx:>nstration .--- ' 

of a new adhesive factor antigen (E 8775) 1n ETEC of 

serogroup 0.167 was recently repo.rted (Thomas .2l. !!_." 1982) 

The existence of coloni zat10n f actor antigens in 

speQific serotypes of ! . .sE!! had been reported. cPA/I 

was foupd predominantly on strains of 0,78 ~ero9roup and 

CFN'II was found predominantly on strains of O,E) and 0*8 

tEvcns and Evens Jr., 1978). Ot.her serotypes repo.rteCi 

with CFAlX were 0.15, 0.25 and 0,63. Str~ns ~longing 

to other 0 serog~ups Which had beep found to. possess 

one of the iidhes:Lo~s ~occas!onally were qlso reported 

(Gaastra and Graaf Ir 198a) •. 

The 'GFA o.f human. ETEC had not been used to produce 

antisera that were used for vaccination. Immunity to 

ETEC waS observed in human volunteers \.,ho were 

rechallenged nine weeks after first infection with ETEC 

(Levine ~ ~ •• 1979). The pili antiserum against K sa 
was found to. have no productive efgect against ileal 

loop d,11atation. Hence ~if1ed method was required to 

make pili antigen irrmunogenic (Molendo..!l &., 19a3) .• 

(i) Klebsiella tme I pili. 

«lebs1ella eneumonia type I pili was found to 



agglutinate guinea pig red blood cells (Fader et al., --
1919). The pi11ated phase of a urinary tract isolate 

was found to cause e.rosion o£ bl adder ept thelium and 

appeared to have invasive type of pat.hogenRc1ty. Wltb 

the type X ;Pili the org antsrns were abl e to mediate and 

adhere to the epithelial cells (Fader et al., 1979 --
fader and Davis, 1980). However, these authors also 

felt that the pdll were not. the sole virulence factors 

of these organism. Apart. from pili, T3 and 1'1 coliphage 

receptors of the orgc:nisms also found to mediate the 

adhesions (Pruzzo et al., 1980) 
~~ 

'the agglutination of gUinea pig red blood cella 

by type I pili was inhibited by mannose (2S m~~) 

in PBS. H~ce these pili agglutination were mannose 

sens! ti ve (MSHA'). The MaMA, was a t~l to detect the 

presence of t;ype I pili (Fader ~ !i., 1979 # Fader and 

Davis, 1980, Pruzzo et al., 1980) . . .............. -

Intestinal isolate of ~.pneumon;ae was found to 

adhere to human intestine cell~. However, the adhesion 

WaS least compared to buccal epithelial and ~adder 

epithelial cells (pruz2o S. !i. I 1980) 



(0) Plasmids as determinants of virulence. 

1bx1genic1ty is mediated by a plas~d referred to 

as tEnt' and is transmissible to other strains of E.coli - --
and other members of the family Enterobacteriaceae ~so 

(Brill 2S !!., 1979, TWedt and Boutin, 1979). TOx1genesis 

and other petenUally virulent properties, like colonizatior 

factor and 'hemolysin production, are plasmid mediated in 

stra~ns prodUcing only' ST, ,LT .... ST and L'1' only strains 

(Wachsmuthu et al... i979). Previous genetic analysis of 
~~' .. 

ETEC strains producing LT and ST hed shown a plasm1ci.. 

location for both to~n determinants (Wachsmuthu et ~., 

1979),. 

(H) Virulence. and Antibiotic resistances 

Genes which, code for antibiotic .tes!stance and 

enterotoxin production were frequently transferred 

together (Echeverria ,.$. .!:'b., 1978tJ_~ Echeverria and 

Murphy, '1'980, Echaverria ~ ~~ i 1981). Resistance to 

one or more antibiotics 'Was noted for 72"A. of the 

isolates, 44% were resistant to four or more antibiotics. 

ETEC produc!iig ~T and ST, LT only and ST only WGt.'e 

frequen.tly resistant to mul tipl e antibiotics. When 25 
-of the 31 reSistant isolates were tested in bacter~al 

mating experiments, a~~ transferred antibiotic resistance. 



In 35% of the matings transferring antibiotic resistance 

the ability to produce enterotoxin was alsQ conferred on 

the recipients. Among the antibiotios, tetracycline had 

no effect on patients who were infected with ST producing 

ETEC (M9rson et al., 1980). --
(I) Factors affecting production of Enterotoxin. 

A number of environment a.l condi tions affect 

enterotoxin: production by !.coli (Sack ,.25. !!.., 1971, 

Evans ~ ~., 19730' Mundell et ~., 1975, Greenber9 

at al., 19771 Lalli er et al., 1980).. Production of ST -- _ ..... 
and LT is related to cansti tuents of bacterial growth 

media, pH of media, incubation time or age of the' culture 

agitation of the culture. Temperatura and pH of culture 

filtrate had an effect on stability of LT (,Mundell ~ ~.; 

19751. 

(1) Labile Toxin broth. 
• 

Several liquid media were compared for their abilit.y 

to support ~LT production. casamino acid yeast extract 

medium (CY!:) ~W_&S found to be suitable with pH at 8.2 

(Mundell et al •• 1975). --
(ii) St abl e Toxin broth. 

Optimal ST production was obtained 1n 3% aasamino 



acid me:dium with added glucose (0.2%) and yeast extract 

(0.06%). The optimal pH for ST producti9n was 7~2 to 

7.8. At this lavei maximum tOx,in production ocourred 

(Lallier et al., 1980). Milk as a medium f1:>r enterotoxin 
~~ . 

produotion bad been experimentally studied. Toxin 

production was observed at optimal pH and temperature 

range (Lovett !S .2!., 1979, Glatz and Brudvi9 f 1980a) 

(iii) Age of the a\il ture I 

'l'h~ age of the oul. t ure was an import ant faatc;>r in 

LT produotion and ST prOduction (MUndell ~~., 1975) 

and Lallier et alo., 1980h ',I:'he 1.'1' prod,",ction was 
. --

maximum at 18 houX,'s. Maximal. yield of ST was observed 

after seven hours of inc.Ubation under forced aeration 

and. agitat:;ion (Lal,lier et al., 1980) --
(tv) Agitation and Aeration of culture •• 

Agitation and aeration of the culture had a 

significant effect on production of both LT and ST 

toxins (Evans at al., 1973b, Mundell et al., 1975) -- ............ 
Greenberg S!!:. ll., 1977, Klipstein ~ ~., 19791 

Lallier et al., 1980}. Maximum aeration in stationary -- - . 

culture inorease.d the prodootion of ST and Ul' 

(R}ipste1n ~ ~., 1976) 



Reports of pr~duction of ST by !.£2!! P11 (P1SS) 

of porcine 03:1910 when cultured W1'~h agitation (150 rpm) 

and forced aeration (5t per minutes) 1n a Casamino acids 

yeast extraot medium cont~nin9 0.2% glucose were 

aVailable (La~~ier 2S !l. •• 1980). MaXimum aeration 

increased the produation of LT (I<lipstein et a1., 1976). --
A simplified procedure for product.ton of S'l' was described 

by GQmes at e!_. # (1979) , Low volume of mediwn per volume 

in flat bot~med f.l,ask.- were used in stationary cultures. 

In this method 1,10;000 merthiolat~ was used as a 

preserv at! va. 

(v) Effeot of antibiotics, 

Presence of certain antibiotics in growth media 

might affect production or release of LT,by ETEC. 

Mitemycin-C was found to have variable effect on the 

production of LT (Evans et al., 1973bl Isaacson and 
,~~ 

Moon, 1975). This variability was attributed to the 

activation of temperate phage, whiCh released the cell 

bound LT on lySis of cell (Kornacki and Marth, 19B2b). 

The other antibiotics like Lincomyoin 20/mg/ml and 

Clindamycin (5 pWml) in growth media influenced the 

produotion of LT (Brill !S al., 1979). 



(vi.) Temperature range for Toxin production .• 

The ability of an enteroto.x1.genio (LT+/ST+) ! .... c_o_li_· 

strain to produce enterotoxins in -the range of 15 to 50°0 
. . 

was studied (Lovett .!S &.;, 1979). The optimum temperature 

ror tOxin production was 35·C and 24 hours of inoubation 

was neoessary' to ~teot toxin at this temperat.ure! 

Departure ,from~h1~ optimum temperat~e in either 

direction, delayed the appearance of enterotoxins. Also" 

no enterotoxin production occ~red when ~EC strains were 

grown 'at S ~o lS·C in· be~f broth or milk (Lovett .!:S. &.;, 
1979 ). 

(vii) Factors affecting Stabilitx of Toxin. 

( a ) 'n:!roper ature t 

When ETEC (M 1(407) oUlture filtrates 'tere 

heated at 60·0 for five minutes, the activity in the 

adrenal '.cell assay was decreased by one-third. Greater 

than 90% of t11e steriodogenic aotivity of the culture 

filtrates~s lost after heating at 60·0 for lS minutes. 

CUlture filtrates from !._c_o_li_ H 10407 was stored at .70·C 

fot almost three weeks without an appr~oiable loss of ~T 



aotivity as measured by ateriodogenesis (Mundell et al., --
191.5). 

(b) Hydrogen ion concentrati on, 

t{hen ,the pH was adjusted below six the.e was a 

marked J,oss of L'l' activity (MUndell !S~.' 1975). An 

optimwn pH of seven for activity of partially purified 

L'1' P at hog en10' for swine, was reported (Jacks .~ al.; 

1973). 

(vi11) PurificationJ 

A ample ammonium sUlphate Qonc:entrat1on was 

shown to increase the activity of ! . .SeM. enterotoxins 

approximately 20 fold (~))insBrowne ~ ~., 1982). 

Nalin at al.(1974) had demonstrated that ammonium --
sulphate treatment ~ght disclose hitherto unreoognized 

E.ooli enterotoXins. -
(J) Enterotoxigenic non-EScherichia coli coliformsf 

Recent~~vidence had suggested that non-Escherichia 

coli coli forms might. be capa))l.e of colonizing the human -
intestine and producing enterotoxtns in high yield 

(Twedt and Boutin, 1979). Whether these organisms were 



newly oapable of caUSing disease because of infeStation 

wi th extrachromasomal factors mediating pathogenioi ty 

or simply because o~ i.nherent pathogenic capakdlities 

that had gone unrecognized. pose a public health hazard 

(Twedt anct Boutin, 1979) i The enterotox1genic material 

elaborated by ~.pneumon1ae is heat stable and its molecular 

weight is less than 10,000 (I<lipstein and Engert, 1975:,). 

Cul ture supern~tants of strains of Enterobacter. 

Klebsiella, Citrobaoter and Proteus had been found in 

some labo~atories to ~roduce enterotoxin like reactions, 

in tiss~ 'culture assays, although they had not been 

extensively studied. in the standard intestinal assays 

(Sack, 1geO). Enterotoxi9E!nia £.ooli and other Gram 

negaU ve bacteria of .10£ antile diarrhoea, were studied 

,in detail wi't:h refeJience to surface antigens, 

haemagglutinins, colonization factor antigen and loss of 

enterotoxigenio1ty. In this study non-!.·.s!2!! bacteria 

were found more often than was generally reported in 

other et~dies on enterotoxigenio bacteria 1n diarrhoeal 

cUsealJe. 'l'he non-E.coli strains were generally mor~ --
labile enterotoxin producers than ~.c011 strains (Back 

et al .. , 1980) .. --



p. CUrrent Methods in the Identification of 

Enterotoxigento coliformsl 

Many techniques currently eXist to determine the 

presence of adhesins in E.col! (Evans et al., 1978, ... _'_--
EvanS at al., 1979, Evans Jr. et al." 19 79" Had.;td and ...... ~. ,--' 
Gy1es~ 1978, Levine et al.# 1980) and to determine --
whether or not enterotoXins are produced by a stra,n of 

<, 

coliform (De and Chatterjee 19531 Dean et al., 1972, -,-
Danta et aJ,:'.,I 197., Evans Jr. and Evans, 1977). The ....... ......,_ .. 

demonstration of adhesins or.pili is by haemagglutination 

test (Evans Jr. et ~.'j 1979), serologic al. test (Guinee 

.2S.2!_. # 1976) and electron microscopy (Kadstrom !.!!!., 

1976). The tr editional methods generally involved the 

use of test animals (De and Chatterjee, 1953, Dean 

et al.,; 19721 Gianell a n _." 19761 Nalin et al., 1974, ..... ........, '. ........- __ ....... 
Kl1pstein 'at ~~, 1976). Newer Simple methods by employing 

tissue cultures (Donta at al., 1974, Guerrant et a1., 1974) 
, . ...._._. - __. 

and serological tests (Evans Jr. and Evans, 1977, Greenberg 

~ ~., 1977l are available for LT estimation. 

While the earlier bioassay methods appeared to be 

specific and sensitive they were often difficult to do. 

expensive and results were not quantifiable (Brill !1 !!!. # 

1979). Further more with tissue culture assays viable 



cell oUlture must be maintained and the results were 

often quite subjective (Brill et al., 1979). The aim --
of routine testing for LT, re~red a simpler, more 

sensitive and more direct method of testing stool 

specimens (Tenney et al., 1979). 
-'~ 

Newer ~,vitro systems were Simple to do and mor~ 

sensitive than the older, bioassay systems for LT estimation 

(.Greenbers .2S. S~, 1971~ Levine and Rennels., 1'978, Tenney 

et ale ,,. 1979, Brill et al." 1979).' '!he staphylococcal 
~--- . ~...._. 

co-agglutination teohnique had potential for routine use 

in di agnosti<;: i aQolr atory,. a1 though it was not as sensi ti ve 

as t'he radioimmunoassay (RIA), enzyme linked 1mmunosorbent; 

assay (E'LIS~) or pass! va immune, haemolysis (PIH) (Kornacki 

and Marth, 1982b). 

in, the estimation of ST, the older oonventional 

bio-assay s~stem had not been replaced by the sj.mpler 

newer,. serologiea,l tests,. as the toXin C()ul~ not 

elucidate s~~ antibodies (aianella, 1976, Burgess 

et al.,. 1978, MOon at al., 1978, Robichaud at al •• +978, - - - .._, ---- -, 
Olsson, 19a2).-'-~·MOdif.1.ed bioassay using rabbit model for 

LT estimation had been a recent study probably beoause 

of its consisi;ency (Moon ~ .2A,... 1970.. Burgess ~ .2l~,. 

1980). The .rabbit ileal loop method was so far the 



preferred method for establishing enterotoxic activity 

of cell free filtrates of various microorganisms 

(Raskova and Raska, 19,80). 

(A) Demonstration methods of adhesinsl 

(1) ·Haemag_g.l.utinatio,gi 

Colonization of ETEC was meQiated by specific 

type of fimbriae 1< SS. I( 99, CFA/I, CFA/II and a new 

fiIribr!al altigenic type (E 8715) common pil~. '!'hese 

were antigenically distinct and each of these was 

haemagglutinin identifiable according to the species of 

erythrocyte agglutinated (Duguid .2l !:!. •. , 1979, Evans Jr 

et aJ. •• 1979, Thomas at al., 1982). -- _ ....... 
(a) ned blood cells, 

Haemagglutination typing'pattern for ETEC possessing 

CB'A/l; and CFA/II had been proposed (Evans Jr. et .2!_., 1979). 

CFA/I \i'as found to agglutinate the Human A bovine and 

chioken ~ed blood cells in MRHA pattern. CFA/II positive 

strains exhibited only MRHA with bovine and chicken red 

blood cells (Evana et 6.1., 1979). Mannose sensitive 
. --

'haemagglutination of guinea pig cells were used to 

demonstrate type I somutic pili. Human A cells for CFA/I 



and bovine calls for the CF~II were only used-in 

'1 ster study ,( Levine .2S &., 1980) • 

. ( b) Media for expression of cdhesins t 

Colonization faotor Antigen (CPA) agar was 

preferred for ~ression of pili associated With MRMA 

while 1t was unfavourable for type I and somatic pili. 

Static Mueller Hinton Broth cultures offered optimal 

growth oonditiona for expression of type I pili (Evans 

,~~., 1978,' Evans Jr'. ~ ~., 1979, Levine et al'. # --
1980) • 

(c) Temperature of the test. 

and gUinea: pig cells and at 4·C with bovine cells 

(Evans et al., 1918, Evans Jr'. et al., 1979 and ....... ~ _ ........... 
Levine et al. # 1980) --
(d) Method of the testl 

Varioua methods had been demonstrated in the 

haemaggl utination test. A method using depression 

t.il~s and. ~oak1ng it at 20°C with baateri al suspension 

and red blood cells was demonstrated (Duguid et al •• 

:).979). Slide agglutination test was also made use of 



1n the demonstration of h~emagglutination (Stirm 21 ~.# 

19671 Evans .2S ~., 19781. Levine et al., 1980). --
Another method o~ micro haemagglutination test 

usin 9 mi croti tre pl ates was evol ved by Jones and Rutter 

(1974). 

(1i) Agglutination test. 

AgglutinatiQn tests With antipili monospecif,c 

antiserum after absorption of the other non-specific 

antibodies had been Widely used, to detect the pil,1 

antigens (ouinee" et a1., 19761 Evans et ale # 1978) • 
. - -..... - ..... 

Plate agglutination tests and slide agglutination tests 

were used to determine this serological reaction 

(Guinee at al., 1976, Evans et al., 1978). _._ 
(1i1) Indirect fluorescent antibodx 'technique (IFAT) 

The serological test using immunofluorescent 

procedure for the detection of eneteropathogenio _!. coli. 

in soft ripened oheese was attempted with §.coli 0.128-

8112 (Yoger ~d KershaW', 1974). The authors, however, 

concluded that 1n naturally occurring !.S2!!. this 

procedure was not successful in cheese samples. Detection 

of bovine EPEe from dung smears by indirect fluorescent 



antil::ody technique had been standardized (Hadad' and 

Gyles, 1978),. 

(i v) El eatron microscopY t 

';rhe p,ili or aCihesins are 10n 9 and very thin 

structure~ having diameters between 3 and 2S nm, and 

hence electron Jllicroscope alone could be used to study 

this appendCge. The pili associated with colonizing 

factors of human ETEC was studied under electron 
tA.~ 

m1crosoopeLfor their hydrophobic atPorption property. 
LWo-d~t'Yo"" ~ 4 Ic;\1i") • 

(B) AsSay.o£ Esoherichia coli enterotoXinsl 

(i) Heat labile enterotoXinsl 

Qriginally LT was tested by its capaoity to 

cause ;lu1d accumulation in the small intestine. Later 

suitable aell au! ture assays were developed. Since the 

labile tOxin is antigenic and purified produots are 

available serological methods had been introduced (Donta 

et al., 19141 Guerllan1: et al • ., 19741 Evans Jr .. and:, _---- ' ---
Evans, 19 771 Greenber~ 2! .!:!. • ., 1977, Raskova and Raska # 

1980). 



(a) In-vivo assaYI 

Lig atecl intes·tinal loops f 

These methods were dari ved from the biological assay 

of cholera t;oxin, the main cri teri a being, accumulation 

of fluids in the ligated, loops of intestine. The rabbit. 

model was used by the original authors' to develop this 

system (De and Chatterjee, 1953. Burrows anq Musteik1s, 

1966). Escherichia coli of human and animal origin 
,~ 

caused fluid accumulation in the ligated loops. The 

interval o~ 18 hours between LT containing filtrate 

administration and fluid accumulation was foun~ optimal 

.for the assay (Moon et al., 1970, 1971, Evans et al." --- ~-

1973~'1 RaSKova and Raska, 1980, Richard et al.:, 1982, --
Pitarangsl .2S !!." 1982). In the interpretation of 

results, volume to length ratio of flUid secreted to 

the 1 ength of the loop in RILT ranged from 0.5 to 3.1 

mL/cm of gut in the LT assay in 18 hours (Sadruddin 

et al., 1981). --
VascUlar permeability assay. 

Intraqermal injection of filtrates into rabbits, 

followed ~ ~ntraveno~s administration of EVans blue 

produced partneabili ty changes of rabbit skin in the 

~sitive LT assay (E\ana Jr~ ~ .!!.., 1973b). 



Infant Rabbit assay. 

Oral feeding of enterotoxic filtrates to infant 

rabbits (upto 14 days of age) as in the infant mouso 

test assay for ST was recommended by Burgess ~~.(197a) 

(b) In vitro assayl 

Tissue culture, 

Adrenal cell mono layers (Donta ~ .s!.; 1974) Chinese 

Hamster OvaJ;'y cell culture (GUe,rrant ~ &., 1974)# vero 

cell ctU ture from African Green monkeys (Starvic !S . .!i., 

1978) had been used in the LT assay and the cytotoxicity 

studied. 

ser~l..o9..ic81 methods 1 

Passive immune haemolysls (Evans Jr. and Evans, 1977) 

soUd phase radioimm.uno assay (Greenberg ~ .2J:.. I 1977) 

and enzyme-linked immunosorben t assay (ELI SA) (Yolken 

~. J!!.., 1977) had baen elaborated. The passive immune 

haemolys1s test was found. unsuitable for 1.T 1dentificatiQn 

produced by _I?tra.ins of porCine and fOod origin (Seraf1m 

~ ~., 1979). 



Stapylococcal co-agglutination test, 

'lbe beneficial utilization of the immWlological 

cross reactivity of the 1.'1' and cholerogen had rest4,ted 

in a Simple and cheap test called staphylococcal 

co-agglutination technique. Protein containing 

staphylOCQi 'i (Cowan I strain) sensitized with anticholero.gen 

was agglutinated by heat labile toxin ,pi ETEC (Bri,ll .,2t .!i., 

1979 )" 

(11) Heat stable toxin, 

(a) BloassaX' 

Originally S~ was discovered USing the ligated 

small intestine loop (Smith and Halls f 1961a). Since 

then, many bioassays in different models had been evolved 
.D . 

( ean!..,1:.~., 19721 Evans.!!:;!!!., 1 973a; Klipstein at ~. 

1976). 

Infant mouse test (IMT). 

With slight modification of the original procedure, 

this t.est had been used by most investigators (Dean at al., 
, --

1972). The cult~e supernatant or broth containing ST 

was injected 1ntragastrically in 2-4 days old mice with 



dye for easy visibility_ After 3-4 hours the intestine 

was removed and the ratio of intestine to the remaining 

body weight w~s estimated and interpreted wi th the ST 

values (Gianella, 19761 Olsson, 1982 h 

Assay of the tox1genec! ty Wi t h diarrhoeal saore 

index. at 37·C had also been evolved (.»::Ion et al., 1978). --
The 11m! tatioos of the infant mouse test for estimation 

of !_aoli ST)) (ST 2) was studied and the test was under 

scored as a mean of detecting ST 1n porcine isolates 

of E.col! (ayles. 19 79). This test was evaluated as 50% --
sensitive when compared to rat perfusion technique 

(Klipstein ~ !l., 1979). However., this test had been 

used in detecting the !:.~ strains of other species. 

A simplified ST preparation for the mouse test: had been 

proposed by 'Glmes !S. ale (19 79). This' IMT had been used 

by many workers successfully <Whipp ~~., 1975, Kapitany 

~ _!i-, 197~) and had been a preferred method (Burgess 

et al., 1978). --
Rabbit ileal loop technique (Rllll'h 

This method since its introduction by De and 

Chatterjee (1953) had been used by many workers for 

assay of enteropathogenicity of various organismS 

(Burrows and Musteiks, 1966, Smith and Halls, 1967a, 



Back at ale # 1971, X,arivi.sre et al. # 19721 -- -----
PitJ:a.rangs1 .!!:. ~., 1982). The preparation of rabbit. 

and the anaesthetic techniques uSing intravenous and 

otter parental techniques had been reported (Kaplan 

and Timmons, 1979). The response of lapine ileal loop 

to ente~otoxin, after six hours, was accumulation of 

clear, full of mucus and non-haemorrhagic flUi,d 

(Sack at al., 1971)., '!he fluid accwnulat:ion ,at the ....... _ .. 

end of Sixth hour atter administration of the toxin 

was measured and the vol uma of the fluid (~) snd the 

length of the intes~na.l. loop Cern) was measured. If 

the ,ratio of fluid volume in mL to length 1n em was 

0.5 and greater, the teE?t was considered positive 

(M';)on et al., 1970, Evans et al., 1973al Gyl.es, 1979). -...-. "_ -~-' 

A fluid volume to ,the lengtn ratio greater than 0.3 

was also considered poSit! ve (Robichaud ~ &. I 1978) 

The maximal ,response of fluid volume to length r aUo 

had been upto 2.75 depending upon the size of the 

rabbit (Sack at al •. , 1971). --
The rabbits were considered four times senSitive 

than p1gs._Q_n the basis of dry weight of the intestines 

(M:lon et al., 1970). For other textns, the rabbit --
ileal loop method was so far the preferred method of 

establishing enteroteld.c activity of various micEloorganismS 

(Raskova and Raska, 1980, Rob1nS'BrC>.;~W! et .2!., 1982). 



Generally 10 mgm of cru~s material. had baen foUnd 

necessary to evo~e intestinal .response in ligated 

intestinal loop (ta.1potetn ~!!_., 1977h c'fhe ant1p.Ut 

ant1bodl.<3s ~o non toxtgenia !.c:011. cUd n~~ inhi))1t tho 

:fluid seoretion.; in the immunized ~abbit 11gat~d loopD 

when EPEe 11 va au! tuzeo ware inooulated. But antibodies ,. . 

against EPEG was found to inhibit,. the fluid seoretion 

in the ligated loops When the live oultures tlere 

inoculated (t401enda e~ al., 1983). 

The stable a~terotoxt. nil of Klebsiella Rneumonlaa 

.Enterobaoter cloacae, Aeromonas hydro:eh1la and 

Plesiomonas shiQelloides had baen a$.oayed in RIL'!' 

(i<l1pstein .!t ~j j 1973, KJ.1pstein !!. .2!.., 1975 

KU.pste1n 'and .Engert, 1975; JQ.ipstein ~ al., 1977 

Kl1psteJ.n f!l al., 1979; Pitarangsi at al..; 19Sa,) • ......... 

HtE;Jtopath~logical studies. , 

TJ.sE:iue seotions of rabbit ileal. loop oeven hours after 
() 

Qhalleng~ with ~eromras ~ydroph11a (Pitarangsi !!:. ale ,,1982) 

tissue seotions of the ra~ jejunal segments after perfusion 

with Klebsiella enterotoxin (Kl1pstein S !!., 1975) and of 

intestines of ·cal ves after inocUlation with ETEC and Rota 

virus (Teipori 2!:. ~., 1983) after ~.ixing 1n 10"" buffered 



formalin end staining ~ith haemotoxylin and eosin had 

been studied for histopathological changes. 

Histopathologically, the enterotoxin (ST) had been 

reported tc) cause broadening and blunting of VillU$ of 

the rabbit intestine alon~ with other pathological 

Qhanges '~ipste1n ~ al •• 1975, Pitarangsi ~ al •• 

19a~). 

Infant rat i.h1Odel. 

To suit pathophysiologio~ studies a slightly 

bigger animal agdel than infant mouse was developed 

for assay of ST, $'1' had baen found to oause fast 

onset Of diarrhoea in the infant rat in contrast to 

slower anq longer acting LT. LT did not react in the 

infant rat model (Kutas and Kovats, 1979). 

Rat jejun~ perfusion techniquea 

Heat ,labile and he at stable toxins of _! • .52!!., 

I<l ebsiella and Enterobacter cloacae were identified. 

The toxin$ induced net water secretion into the 

Perfused intestine (Klipstein et al., 1976, 1979). 
I --



Dog loop assaya 

The test used small iptestine loops of dogs. 

Concentrated ST £11 trates had to be used and· net 

absorption. 'measured. S'l' acti vi t y was observed wi thin 

20 minutes. after administration, whereas L'l' activity 

appeared after a lag period of 4-6 hours (Nalin 

et al., 19.14) - ...... '. 

Human buccal adherence test. 

Demonstration of adherence to bucoaJ. epithelia 

by ETEC of human origin had been described as an assay 

procedure' for ST (ThorJle .!!:, . .2.!,., 1979J Panhotra and 

Agarwal, 1981). 

(C) AntJ:biotio sens! tivitx assay. 

The 'diso diffusion test method was used in 99 

percent of the laboratories in Britain Wring 1970 
Ql:~ 

(Cru1okshank~ 1975). In this test, small absorbent 

paper discs ~mpre~nated wi th known amounts of 

antibiotics were placed on an agar culture plate 

that had been seeded uniformly with the bacteria of 

the isolate to be tested. When the test condi tiona 

are standardized, the zone of inhikdtion was inversely 



related to the minimal inhibitory concentration (MIG) 

of the antibiotic. The clinical interpretation 

(resistant; sensitive or intermediate) of the zone 

sizes was based on its M1~ susceptibility value aa 

determined from tube tests (Bauer et al •• 1966, ___ i~ 

Cruikshank et a1 ••. 1975) _._ 
The senai1;ivity of the members of co1iforms and 

~ .. . 

tax E.eol! had been. assayed to various antibiotics 
~'-.- , 

(ECheverria et al., 1978al McConnell at al •• 1979, 
- -_ - ...... '_. .....',~ 

Echeverria .at .a1., "981 ) •. 
~-
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CHAPTER IIX 

,EXAMINATION OF RAW MILK AND ITS ENVIRONMENT FOR COLIFORMS 

(A) Int.roduction 

Rent ro.t.lk was defined as milk: Which had not. ):)aen 

treated b¥ heat (Harvey and Hills, 1951). The co11forms 

in raW' milk produce pr04uct quality deterioration, and 

cause public health concern (Richter, 1981). Routine 

quality control examination of raw milk in the datry 

industry is ~onfined to the examination for coliform 

count per ml of i1ii~lt without identifying the source of 

contamination and the members of the Coliform group. 

Heat treatment of raw milk after production at farm 

is dcme at the processing· plant. The point at which the· 

coliform· standards appl·1cable for raw milk: had not kleen 

specified. (Indian Standards No. 1479-part. 111-1977). 

These coliforrns were being considered as an indicator 

organism, of insanitary practice, in the production 

process and mainly concerned with !.S2!! and Aerobacter 

aerogene~ ('.Fost·er ~ !J:_., 1958, Indian Standards No.1479-

1977). The .latter group now is divided into a motile 

Enterobacter aerogenes and a non motile Klebsiella 

aerogenes which is currentl·y given nomenclatura as 



· 
Xlebds~lla pneumoniae (Collins and Lyne, 1970; Edwards 

and Ewing, 1972, Buchanan et al., 1974). The two other --
members of the 'group whioh had not been studied in detail 

are Enterobacter cloaoae and Citrobaoter freund1i. 

This study 1s an attempt on different farm environmental 

faotors that contribute for colifOrm cont~nation into 

the raw milk. and the relative- constitution of the individual 

members in the farm environment. An attempt haS also been 

made, to correlate the existing suggested Indian Standards 

No. 1479-Part 111 .... 1977 to the stage of production end handling 

of raw milk, ~nd also set an acoeptable or tolerable standards 

of oo~ngled raw ohilled milk at the dairy dock. 

(B) Materials and Methods 

(1 ) Selecti on of farms I 

The visits to the farm were for comprehensive studies 

inQludlng milk and its environment and also to a speoifio 

study related to the raw milk alone. Faotors like easy 

approach, local fa,9ilitles for preliminary bacteriological 

work, hygienic practices followed during milk production 

in, farms of private and public sectors, were taken into 

conSideration, While selecting the far.ms. No prescribed 



) 

standards we~e available to evaluate the hygienic 

practices in the farm. However, visual examination 

and other organoleptic judgements were used to grade 

the farms anq. milk to group A, B and C before sampling 

based on the guidelines suggested by Barber (1962). 

The group A consisted of commercial farms Where 

sanitary p~agtices were given seQond preference to the 

production and despatch of milk. The group B consisted 

of farms of organized sectors where technioal. superv1sion 

was available. The sanitary practices; were moderate. 

Group C consisted of ~arms where sanitary praotices were 

experimentally imposed during the sample collection, 

which incluqed one of the Group B farm. 

(11) Choice of samples on random and non random basist 

Usuall"y att empts were made to take sampl es on 
I 

random b3tJis as specified by Indian Standards No. 1479-

Part I-1960. Choice of samples from specific cases 11ke 

heal thy animal 'Ill th heal thy udder, air samPling at a 

place whera milk would be eXposed to ail; borne dust 

contamination"n:N'ater UBt!d for rinsing the equipments 

were taken on non random basis. The milk bearing 

utensils and th~ milking personnel were selected on 



'j random basis to the extent necessary (ICMSF# 1974, 

Harrigan and f.1Ocanee,. 1976). 

) 

(iii) Environmental. saWling. 

(a) Air:. -, (Anon, 1972) 

sampl~n 9 for at rborne microorg ani sms in dairy 

farms were ta~n frQID t}:le milking yard, weighment ,"oom 

and milk pooling areas. Splashing~ and spillages were 

carefully avo;1ded (luring sampling .. 

The Slitj sampler (CF cas.ella and Co. it England) was 
-

used as an Gc;Jw.pment of choice. The number of particles 

oarrying ool1!form baoteria per litre of air on MaoO::mkey's 

agar was enumerated on incubation for 24 hours. Wherever 

the slit samPlers Q)uld not be transported the settle 

plate method :by exposing MacConkey's agar for 15 minutes 

was- adopted. After inoubation of the plates the developed 

colonies were counted and the result expressed for 15 

minutes exposure or number of colonies present in 150 

11tres of air. 

(0) Farm water. 
" 

The sampling procedure for chlorinated and non 

chlorinated 'water were as per the procedure of 



r 

~Anon( 1975). The multitube technique using brll11an~ 

green 'bile broth was employed for the presumptive 

coliform test,- wherever few numbers of bacteria were 

suspected to be present due to chlorination. The most 

probable number (MPN) estimat.es using three tube 

technique tabl.e suggested by Collins and Lyne (1910) was 

2;ollowed. The presumptive coli test by plating out 3 ml 

artd 2 nil of water samples" on ~ Violet~bile agar 

(m.<.aA) -with overlay was also oarried to pick out the 
- ~ 

is.olateE!l (Harrigan and Mccance" 1976). After 24 hours of 

incubation the results were expressed as ~N of ooliforms 

per 100 ml in} the inUltitube teohnique. 

(0) Farm utensils. (Indian Standards No. 5253 - 1969). 

'l'he surt'ace samples of cans and milking pails were 

taken with cotton Wool swabs moistened with 25 ml quarter 

strength Ringers' solution. The surface samples were 

approximat ely 11m! ted to 100 sq.cm. instead of 900 sq.cm. 

as prescribed by the Indian Standards No.5253-1969. For 

- serial dilut!Qn 1;0 po~ plates buffered dilution water 

suggested by IUJ:',hardson .21 ale (1980) waa used • 

. ~~ook phOSphate buffered saline (PBS)t 

Thirty' four grams of l<H2 Po, was dissolved in one 



litre of pyrogen free water '(pH 7.2). The stock solution 

was sterilized and preserved. 

Mgcla stock solut1on~3a 9 of Ngela was dissolved 

in ons litre of distilled water. .After sterilization it 

was preserved. 

Buffered dilution water:' 

Stock PBS 

StOck Mgc:;J.a 

Distilled water to 

1.25 ml 

5.00 ml 

1000 ml 

The buffered dilution water was dispensed and 

autoclaved in ~he required quantity for dilution 
Ra:( 

pur~es.. ~stai Violet aile Agar (\1.RBA) was used 

for plating. The colonies were counted and the resUlts 

were computed and recorded as per the procedure suggested 

by Richardson et ~.(19aO). The resUlts were reported, 

as number per 100 sq. em 'of the surface swabbed. 

Rinse method With quarter strength Ringer's solution 

was also adopted~~ described by Indian Standards No. 5253-

1969. 1his method was adopted Wherever the farms were 

nearer to the .1aboratQry. The counts were recorded as 

coliform counts per litre oapacity of the vessel. 



Ooliforms not more than 10 per litre oapaoity were 

considered satisf actory. Coliform count over 10 to 

100 per lit;e oapacity were considered fairly 

satisfactory and coliform count over 100 were 

considered unsatisfactory. 

(d) personnel (Milkman's hand) 

Roughly 100 sq. cm. area on the palm and forearm 

of the milkmen were swabbed just prior to hand milking 

as described for utenSil swabbing. The swab was 
-

proce,!Jsed as already described and the counts were , 
recorded as number of co11forms present per 100 sq. em. 

area. 

(e) Teat swab CRendos at al., 1975) 
- --

The tea~ ends of the dairy cows were swabbed and 
-J 

the swab washings were processed in the pour p.J. ate 

method using~. The number of organisms present per 

teat end was recorded. 

The ~eak up figures of environmental sampling are 

furnished in tabl e 1. 
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~~,V) sampling of milk (Indian Standards 1""19 ... Part I - i960) , 

The milk was collected atle cat from two quarters from 

a cow in a sterile container# after letting down four 

streaks from each teat. '!be pooled milk in ealS and 

caruningled milk in road t ankera were sampled after pl unging 

to take a representative samples of the bulk. The 

particulars of milk $amp~.ed·'for the study are furnished in 

table 2. 

(VJ.) 'l'rans,eort and examination of samples. 

1},fter proper labelling with indelible ink on adhesive 

tapes tbe milk samples were packed in polyetbelene water 

proof bags atld preserved in ice during transport to the 

1 aborat oX'J • 'lbe milk samples were immediately plated out 

by pour plate method for presumptive coliform count. 

The three tube MPN technique in brilliant green bile broth 

was also followed for fresh mdlk (Indian Standarde No.1479-

Part III, 19,621 Collins and Lyne, 1976). The commingled 

milk sample~ were also plated out for standard plate count 

in plate cOunt ___ ~,gar (Difco). 

(vi) Statistical methods for selection and examination 

of Bacta%1al c610niesa (Harrigan and Mccance, 1976) ..._ 

Eve~' colony on the plate was selected when the 
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nwnbsrs present wet'e roughly equal to number reqUiz:-ed 

I to be examined. Whenever the number of colonies required 

to be picked out wtere less the Harrison's disc (1938) 

was used. All colonies occurring in the area 1 of tho 

disc were picked out tor examination. Whenever this 

number wa$ insufficient, the colonies occurring in ~eaQ 

2, 3 and 4 were picked out for further study. 

(vii) Preservation of the ioolate for further study. 

Tbe icolonies picked out from the ~w: plate 

culture~, were streakeg on Eosin Methylene Blue Agar 

(EMa Agar). Atleast five typi.cal .,!.£.2!! colonies and 

non E.ocli colonies were inoculated in Casamino acid 
- I 

yeast extract mediUm (eYE) with 15% glycerol and frQzen 

at ... 100 C in partial modification of the procedure 

suggested .by Evans .!!S. !!_. (1977). For routine use.; stOck 

cuJ. tures were kept in 2% peptone agar stubs after paraffin 

sealing of the corle. 

(viii) Identification of CUlturelH 

'Itle .atock au! tures in the paraffin sealed stubs 

\~ere plated out on a non inhibitory meClia,. likQ Tryptic 

Soy Agar (D1£co, Detro! t) and subjected to conventional 

tests (E~lards and Ewing, 1972) primarily in the patterns 



of te~ts suggested by AP~ 20E oystem. ~e medium for 

the tests w~re prepared and primary colony charaoters 

on EMS agi;ir,. motility test with H2 S production (Di£oo, 

meclia) deoarboxylase reaotions, indole production, 
I 

Simmons citrat~ uti11zation,phenylanine deamdnase test, 

urease test and .tnpsi tal fermentation were studied for 

id~nt1fication purpQses. 
I 

I (C) Results and Disoussion 

I 

(1) Parm air t I 

, 
The results of the air sampling is presented in 

table 3. The"ooliform oounts were found varying from 

souroe betwsen A and B, A and C and Band C. The high 
I 

opl.1form oount in souroe A indioated that there was 

rnlloh bodlly movement of CIl1mals and/or 9ther disturbanoes 

resulting in the presence of environmental dust (Anon, 

1972). 

~eports ~resor.tb1n9 st andards of coliform density 

in the farm a~r -are scanty. The total, coliform lC)ad in 

uhe air had been studied and it had been reported that 

the percentage varied from 2.5% to 5.6% of the total 

viable count (Benham and EOdell# 19701 Fiser and 
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Svitavsky, 1975, Rondinni, 1982). Since the coliform 

load represeqted around 5% of the aerobic viable counts 

in the earlier studies norms for air bo~e coliform load 

were now fixed at 5% of the aerobic vi al:'il.e count. ·AS 

the APHA (Anon, 1972) suggested a wide range of 4.5 to 

50 baoterial count per 15 minutes exposure or one c\),bl0 

foot of a1~, the S% of the higher value in the range waD 

taken into cons1deratiQn to set the norms. So a satisfactory 

norm would' be the presence of less than three coliforms per 

15 minutes exp<;)sure or 150 J,1tres of air. Value over 3 and 

upto 10 was considered fair and above 10 warranted 

investigation as to the oause for high aeromicrobial load. 

In this study, the source A was over stocked With 

milch anima:l,s art! had mixed farming within the sarna 

premises. 'lbe dung was not removed frequently and the 

animals were let loose in the same area till the milking 

operations started resulting in much bodily movement of 

animals. In the study group a the animals and the floor 

were not washed before milking though the environment waa 

comparatively clean. In the study group C the floor and 

animals were washed before milking and movements of 

animals were restricted. otherwise the flooring of the 

milking yard and feeding sc:hedul es were similar 1n all 

the three study groups. Probably the dust free condition 



:'i " 

in the group C had resulted in low count thol.l9h there 

was no separate milking parlour. A clean ideally built. 

mUking parlour might further reduce the coliform fall 

out in these fartl'la. 

In thi. study, the .fallout varied from 10 to'S in 

15 minutes exposure of 100 mm plates. AsSuming that 20 

to 150 coli forms settled in 200 rom diameter neck of the 

milk can or pa.il. it could be calculated that the aerial 

contamination of milk would be veey negligible as compared 

to other sources of contamination as was a180 observed by 

Benham and Egdell (1970). However a study on the colifOX'Rl 

bacteria in the air of a farm with calf septicaemia 

revealed high E.coli count (80~) among coli~ (3acquet. --
snd ChiJd. 1977). Such c:ircnastances warrant ill need for 

aerosal spray with sanitizer, to kill the probable 

enteropathogenic E.coll serotype •• --
(1i ) Farm water, 

The most probable number (MPN) coiifo.tll1s per 100 III 

of tap water and stored water is f~nished in table 4. 

The results in the study group AD and AC were 

statistically highly significant. 'nlough the tap water 

had high coliform count. the stored water had no col1for.e 
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in study Qr<;oup A. The optimal chlorination .mel 
cleanliness of tank without orCjianic matter, <!.ided in 

the reduction of coliforms in this group. £1 ther 
; 

insufficient chlorination, or the obvious presence of 

organic matter would haVE! been the reason re.ulti~ in 

the increase in m.unbers in the group 8 and C. MUch 

attention to chlorination of water was not paid in the 

experimental group C u'the subsequent sanitation of 

water with .todophor at 75 ppm was planned for rin!l.1n; 

the mIx pa.tls, washing the lll.ilker· a hand and teats. 
". .,!',"" 

The addition of water into the "milk; either trom source. 

of tap wate" or from the stored water in groups (8 and 

C) for the purposes of adulteration, would have resulted 

as an inocul urn for coliforma and payehrotrophs (Thomall, 

19 sa, Palmer. 1960, COusins. 1982). Hence contaminateci 

~water might not be a major source of bacterial oontami-

nation to milk unless such water was added deliberately 

into milk as was also considered by Palmer (1960). The 

contaminated water if used for washing and rinsing of 
! 

farm utensils without sanitization would be iI. source of 

contamination to the milk. 

Chlorination of water to the optimal extent mi9'ht 

destroy all the coliforms (Cl ark, 1962). Ho"'ever the 

high c:gliiOl'm count in the tap water sources in all 



I 
! . 
1 ' 

the f~rms Sh1Uld be investigated into as it might 

1,ndicate ~nure pollution or damage to the walla of 1 ' -
the bulk 111:0:lage points permitting seepage • 

. (cruikshank ~!!. I 1975). The very recent study by Walsh 
ij' " 

and B,t:isaonnette (1983) had thrown l1 .... "'t on the e~fact 
;1 •• 

of chlorination on the enterotoxi genic Esoheriohia coli I '~ ", -
(ETEC). Even insufficient Chlorination at the rate of "j , , , 

I ' " 
,0. S to O.7S pPm of available ohlorine 'might damage and 

. ,j 
cause sublethal 1njurl' to ETEe. Such a sublethal 1nju.ry 

-I 
d~maged the tU1:faCe adhasins leading to less adhesive 

·property in ;ETEC. Their study which was or.1ented in the 

recovery of :jthe ·injured ETEC from the ahlorine treate~ 
water had oPened a new path of research in water ean! tat~on. 
" " , 

(iii) Farm dtensils. 
I 

The r~sults of the rinse test of milk pail and'millc 

can in the ~tudy group A, Band C are presented in tab~e 5. 
J 

The stat1st"toal analv s1s -had revealed that the .result. aX'e 1 4
' • 

highly signifioant in the milk hygiene aspect of the three 

groupS. 'nib mil_ contact surface$ of the equipment o.r 
I . , 

utensils wijEu:~e~ the milk invariably got into contaot 
,I ". 

either during storage Oli transport~ion were the major II, . 
sources for the contamination of colifQrm8 (Mabbit, 198Ob). II - -, 
The importance had been emphasized by pUblic neal th 

I 
I 
I 
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authorities like American Public Health Association (Anon, 
II 

1972) and ~ational StandardS Institutions (Inclian Standards 

No. 5253 -·.1969). 

I , 
In th~ present study the milk pail and milk can of 

!j 
source A had contributed millions of colifoxms i. n t he milk. 

~ . 

This COuld'j be a major source of bacteria in ex-farm milk 

(Mabbit; 1980b, G3hriger, 1980, Fluckiger et a1. i.· 1980). 
~I ...... ~ 

Though the 1 evel of contribution was. less in the source B, 
I 

or compar~~ively very meagre, yet their multiplication in 

the milk qlould pose problems if the milk was not chil~ed 

irrunediately (Gehriger, 1980, Cousins; 1982). The al:Bence 
11' 

of colifotms in the milk pail of group C indicated the 
.. ij 

cleaning ~nd $anitization efficiency with iodine COInpOWlds. 

111e Wlsatisfactory grading of milk can in group C was due 
II . 

to the cl$aning and attempted sanitization by an another 

agency wh:l.ch was responsible for collection of milk. 

Though me~hanized detergent cleaning and hot water 

steril1z~t1on were available in the can washers of the 

organiae4, dairy industry which had collected milk, the 

result h~d indicated that the process was not satisfactory. 
:/ 

So it coUld be suggested that al.l the milk colleQt1n~ 

utensils:/sOOuld invariably be sanitized either with 

. ~. ~ acidified chlorine in the concentration of 500 ppm 0 

" 
chlorine!l or '7S ppm of iodine or 100 ppm of hexachlorophene 

(Hansen) 19731 palmer, 1980) •. When suoh practices were 

, 
.1 



adopted, bacteriological qualL ty of farm bulk milk tanks 
11 

oount (palmer, 1980). 'shoWed much /lower baoterial 

(1v) Milking personnel and teat of the cow. 

iI 
The results oft the swab test of the palm and the 

./ 
forearm of the milking personnel and Swabooitest resUl ts 

J . 

from fbur teats are presented in table~. Stattotically 
I 

the E'esu;Lts.! are highly· significant between A and S, A and 
,I 

C and a and c. The standards furnished by Harrigan and . J. 
Mccance (1~76) for the m11k c;ontact surfaces had been 

1 
suitably m~fied to C!ove~ the test results as there were 

no other aVailable standards. 'lhe surface area covered 
.J 

while swab,ing were extended. to an area of approximately 
II 
.! 

100 sq. cm;t. 
~I 

I~ 
In t~e study in group A, no cleaning and subseq'Wdnt 

[I 

sanitizati!()n of the hands of the milking personnel. and , 

teat were .!being followed. as thi s group was a commeroial 

one. '1b1~ commerqia 1 group Showed urgency in all aspects 

includin9i/transportation of raw milk to the star hote.).& 

of the cl. ty by their transport vans. The study group B 1 ~. -
followed sanitization programme with commercial iodine 

-I 
preparat~rn. However 1 t vas laolQ.ng in thorou~h cleaning 

of the h'ifds of the personnel, animal. and udder surf aces. 
'I In the g~oup C attempt was made to clean and sanitize 
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11.2 

the hands of ~rsonnel and teat of cow with iodine at 
~ . 

:: :~:::l:p::et:~:gw:: :::e:;::h;. clean towel 

phosphorIc acid and iodine combinations were in use 
:/ 

in the ~r:,. ·industry since a decade.. Normal milk' 

contains ,*",~t 165 ,ugJII. of iodine per l1tl'" of mUlto A 

,farm survey in Australia reported values upto 346 ngm', 
. ~, ~ per 11 tre Wli1ete sanitization agents containing iodine were 

used in the l£arm (Hemken a: al., 1961). Recent fear of 
1/ . -- . 

the iodine hazard to human health had been proved to l:s 
ff ' 

Wlfounded since the daily intake of iodine to the extent. 
~ . 

of 100.300 ~gm.1s needed for a healthy adUlt. The peak 
iJ . ' 

conQeritrat~rn 1.n the dairy environment. after dipping or 

spraying the teat with 5 g.available iodine per litre of 

water caUS~d 0.645 nnm. gr'. per litre of farm air. This 
. ~ ~ . 

level remalned below the recommended maximum of 1 l1gm 
1( '.1 ;-

per litre !of ,atmospheric. a:1r in dairy establishments. 

Hence th1J also proved to be of no h~aJ. th hazard by the 
. .;/ 

way of inhalation (Sheldrake and Hoare, 1962). t.rhe pre-
, II 

milking a;nd post..milking teat dipping or washing not 
:/ -~-

only improved the milk quality but alao reduced the 

intraraaJary infection rate by 50% (COUSins, 197~~ 
Cousins, 'I' 19791 Shel dr ake and Hoare, 19 62) • . . I 

I 



11 3 

" NOn-iodoform cleaning methods or teat dips were 
JI 

,associated with 1011 iodine concentration in milk. An 
~. .-

acidified clUorine sanitizer (500 ppm) with an alkali ,I 
(Hexachlorophene 100 ppm) may be used as was suggested 

Ij 
by Hansen (t973) and Hubble and Main (1981) • 

. ·1 
The a~~enoe of drying of the udder with sterile 

11 
towel or pa,per towels was a shortfall in the comp~ete ., 

I 

sanitization programmes in the farms of group G. 'Dlia 
1/ 

coUld have iren tbe re ason for encountering the coliform", 

in the hanc;ts of the personnel as we.}.l. as teat surfaces. 
J . . 

A method Sjggested by .Golton ~ ~.(1982) for the pre-

milking udd
l
" er preparations t«)uld have helped in the 

" I 

total abseAce of coliforms in the udder surface and hands 
~ " " 

of personn,~ in thi s study. The authors had used 

p~eps~all ~fOraing of 19 lttres of ai~ pe~ minute) and 

drying with paper towels~ They concluded that clean and 
'I 

" . dry teat: ~;Urfaces ensured high bacteriological quality of 

millt. 
;1 
II 

(v) Raw individual milk and raw pOoled milkt 

11 
The col-1:form content: of inQi vidual cow milk· and 

i/ 
pooled milk samples are furnished in the t a}:)J.e 7.. The 

il 
low coliform count encountered, indicated the absence of 
- il . 

subclinical mastitis in the cows examined which is in 
'I 
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~I . 
agreement with the finding of Rao and Nambudr1pad (1978). 

. 11 - -
, _ IJ 

The statisttlcal analysis revealed the highly aign.1;1cant 

data between A and B, A and C; and B and C. As far as 
~ - -. -

compliance with the .pecifications of Indian Standards 

InatitutionllNc>.1479 - Part III - 1977 only the illdividual 

milk sanPler of group C conformed to the standard~; whj.le 

none of theII pooled milk samples complied. Similali data on 
:1 

the aCh1eV1 levels wlth pooled milk -were also repo~ted 

under lndtk amditiontll (Gahlot .!l ~., 19751 Singh and 

Ran9aQath~l 1978). as we~ as from abroad (Rangasamy. 
J . 

1980, KaJ.()~rnOv and Q)gov # _ 1971.) i 1'he ~n'U an standard 

would boweTier apply when _ tm milk was drawn from the udder 

after letting down tlla first four or five streaks to flush 
~I . 

out the bacteria in teat canal as it was obtained in t. he 
I! 

oroup c. 

,I 
In this study coliforms were present at the teat 

II . 
ends in th,e range of 50 - ~2000 per cow .:l.ee., 12 ... 8000 n . . -
per teat en,. d (Table 6),. 'J;blle (1980) also observ~d that 

~ - -

if milk ,,,as removed from the gland or teats of a he al thy 
. JI 
mammary ~and by aseptic punot ure of t he wall or by 

11 ~-. t . t 11 1 . surgically .implanted catheter ays em, sere samp as 

could be ~btained. The contaminating source at the 
~I 

animal point should be the teat ends _ Rendos at al. ,1975) 
./ --

reported ~that with different types of beddings" the 
~ . 



! 
organism varied from a .. 127 per teat end which included 

1 '_ 11 KlebsiJlla also. Henea at milking level. the primary 
'1 

sources of corttaminat1on could be the teat ends. 'l"he next 
~ . 

source would be the milkers hands which carried a mean J .. 
31 600 coliforms in this study in the group A farms 

.I 
(Table 6), Whbreas in a similar study, 0.26 million of 

'/ 
bacteria were added from a milker's hand when they ware 

.1 . 
rinsed in 200 ml of sterile milk (SmYthe~ 1960). 

J , 
, 

So the pre"!'"milking teat dips with solutions of 
II ' 

chlorine, i~rine or hexachlorphene would yield a quality 

milk of good bacterioiogical grade. A detailed study 1 . 
on the effeCt of using different udder washes on teat 

. 1/ 

microflora was made by Hansen (1973). 11 . 

.i 
. 1\.$ far:l as the milking techniques aJ;'e concerned t~e 

ideal milking should include avoiding of moistening or 
I 

I 
wetting th~ hands with the first few drops of milk and 

I 
touohing the milk oontact surf aoes of milking buckets . I 
or pails. 'i The milker should wash his hands and arms 

thoroU9hl~ with soap and sanitize with antiseptic 

solution Jrior to milking (Palmer, 1980). 
I .. -

·1 The $11king vessel and cans were the next points 

" that should be 91 ven importance in producing milk of 
'I 

high bacteriologioal quality. The possible addition of 

I 
j 
I 
I 

'1 

;/ 



coliforms fromj/utensilS is presented in table S. Mabb.1t 

('l9sob)a.nd Palmer (l~aO) considered that the equipments 
11 

were frequently the main source of bacter.t,a and an 
1/ 

effective c:l~aning and sterilizing routine woUld keep 

the bac:terieJl density less than 1000 bacteria per ml of I . '.. . 
milk. Obv1o~sll' all the Dacteri a harboured in the equip-

3,.. ,I 
menta sho~ 1;nvax:iably get into the milk whereas if the 

~l 
col1forms are present in milker's hand or teat ther. e 

'/ . 

could be only a ohance entry of them into the milk. $0 
U 

',the pooled ~lk quality could be very strongly influenced 
! . 

I 
by the clean~iness of milking utensil. (Gebrigeri ],980). 

,I 

I' 
- 'I 

The m4,tiPl1.cat1on of bacteria during farm storage 

could be a~~her constraint in producing milk of high 
, I, ' 
ba.cteriolo~cal qua.1.i ty. It depended upon the effeqt of 

II 
initial level of contamination, the time of storage and. 

. :1 
effect of tEmperature (Lagrange, 1979, Gehriger, 1980). 

Tile storage;/ temp9.r aJ:ure and the ""Ubaoterial system in 

the milk )1$(1 an 1nfl uen~ on the growth of microorganisms 
1 '. . 

(Bjorck !£. ~." 1975, Bjorck, 1978, Lagrange, 19791 Ayres 
:I 

et al., 1980, Cousins" 1982). Swartling (1967) established -- r . 
the relat1dnsh,lp between the temper ct ure and the growth of 

d . 

" 
bacteria in milk. The ft"Pnwth rate of bacteria decreased 

~I . ~ .. -
with ,decreasing storage temnArature. . :1 lr' 



Hence in the~l £ arm condi tiona the .minimal Uan.fe¥' and 

. handling of; milk in various equipmenta would invariably 

reduce the chances of initial contamination. The methods 
:/ 

of minimising the multiplication of coliforms would 
~ I . 

include the:, holding the milk at the farm as short as 
,il bt. 

possible anp cooling shouldLrapid and as low to a 

temperatur~~ as possible. These practices would minimise 
, oj 

the oo,li,fol;::m growth in the pool ad m11k. 

(vi) 
I 

Bacteriological SlualJ.t1..of cormdngled millet 

I 
! . 

The tesul ts of tlle examination of chilled milk 
I " 

from three:; Cl1fferent sources are fq:rnished ,1n taJ),le 8 
I 

and 9. 'rl'4~ first of tlle two tables indicat~ the standa.rd 
, I , 

pl ate count/ml (SPC/ml) of milk and the second t able the . I 

" coliform ~ensi t;y/ml of milk. The frequency and the 

percent ag~ of distribution in 'the class are presented 

in the re~pective tables. The percentage of coliforms 
I 

in the total viable count ranged from 0.47% to 1.16%. 

The aoli£orms, though represented a lower percentage out 
.I 

of the total aero~lc count, were considered to have an 
I 

impact on l the final product quality by produoing 
'I .-
j 

metabolic intermediaries and gasSiness (Muter ~ ~. I 

1978, ~aft and ~y, 1979). '.lbese high spe and coliform 
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Table 8 

il 
STANDARD PLATE COUNT (spe) PER ML OF REFRIGERATW COMMINGLED MILK 

J AT DAIRY DOCK 

--~----~----------~------------MILK .SHEDS 

ABC 

82 18 30 

0.5 1.0 1.5 

Range o£ the. col'.mtt 

1 -2 M 0 11.11 30.00 
(2i (9 ) 

"., 

2 - 5 M 0 - 30.00 
II ,(g.) 
I 

5 - 10 M II 1.22 1.6.67 36.67 
(1 ) (3) (11 ) 

10 - 50 M 'I 21.9!? 33.33 3.33 ... ;-. 

II 
\ l :, , (18) (6) (1) 'i 

I ~ 

50 - 10q "M 15.85 11,.11 - ~-. ;~ ~r 

,j (13.) (2) 
t (A \'jiv.l\. 

-100 - 200 M 29.27 22.22 - (J 

(24) (4) w, r~,~ 
200 .- 300 M 3.1.71 5.56 - '1 WI' y. (26) (1 ) 

Mean spa .in 146.41 68.67 5.87 million 

"i _ ... - - - ..... ;._ - .. --- - .. .,. ..... ' ... ' .. -- - - .. - .... -----" 

jl '* Sample s~ze depended on the nO:.of supplies from each SQuJ:'ce. 

M - Million" il . 
MBRT Methylene Blue Reduction Time 
li'igures in iarentheses indicate the nwnber of samples tElsted'. 

A ... Eduoation ob olean milk production absent. milk chilling 
around f1 va hours after pr.oduct! on ( Poor) • , . 

B - Educa~ion to farmers on clean milk production a nd milk 
ahill'1ng a.round four hours from production (Ftair) 

C ... M1lk~hedS Wherein 'rientation on olean milk production 
and chilling of milk wi thin four hours of product.t,on 
( Satisfactory) 

:1 

" 

: 
I 
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Tabla 9 

1/ 
COLIFORM <=aUNT PER f.U, OF REFRIGERATED Q:)MMINGLED MILK AT ,D-lURY POQ< 

I 

• ..... _ ..... ._ .... - .. T----- -----.-------------
I 
! 

:1 A 

MlLK SHEDS 
(Values - in perdentage) 

.. '- -- - .. ... -- .. ~- .... ~--I , 

No.of samples* 

Mean MeRT ,to hour ,I 
i 

:Range of ,the coun~' 
.. ... I 

1000 - 5000 -I 

5000 ... 10000 
'I 

10000 ... 20000 ,I 

20000 -- 30000 

30000 - 50000 

50000 - 0.1 M . , 

0.1 J4- 0.6 t-1 

I 

0.6 M - 1.0 M I 

-i 

1.0 M - 3.:0 M 

S2 

0.5 and 
be19w 

-
.. 
.. 
-
-
.-

14.63 
(12) 

2.44 
(2) 

82.93 
(68) 

1$ 

1.0 

... 

... 

'5.56 
(l) 

5.56 
(1 ). 

22.22 
,(4) 

66.66 
(12) 

-

30 

6.6'7 
(2) 

26.67 
(8) 

23.33 
(7) 

13.33 
(4) 

10.00 
(3) 

20.00 
(6) 

<:on1:1 •••••• 

.... .. -. 
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Table 9 Conti •••• 

___ I - ... __ - -1- - ~ .. ,_ ... _- ... _-- ~ ..... - - - - -- --

- -- - - -

11-
Mean 

'/ 
c:onformance to I 
IS.1479-part IIX~ 
(1977") 

Percentage in 
total viable 
count ( SJ1C/mi. ) 

I 

I 

A 

-- - - -
1.701'1 

o 

1.16 

MILK SHEDS 

B C - - - -- - - - -- - ... '- "!" - --
320,000 28,000 

o o 

0.47 0.4S 

__ "_- ... -- - - - ... .. - --- - - .. -- _' .. - - - - - .. .. -.. - ---
I 
i 

.. Sample s",ze ;:dep~nd..ed on the no.of supplies .from each source 

M - Millions 
I 

MBRT Methylene EUue Reduction 'l'ime 
. . ·1 

Figures in par~nthes1s indicate the n~ber of samples tested 

I 
I " 

A - Educatio"p oi:"\ clean milk production absent, milk chilling 
around five hours after production (Poor) I . 

B - Ed~ ati~~ to farmers on clean m:l,lk production and milk 
Chilling' around four hours from production (Fair) 

,j 

C - Milk sh~ds Wherein orientation on clean milk production 
and chil~lin9 of milk wi thin four hours of production 
( Satisf~ctory) 

'1 
I 
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il v count indicated that oooling could not serve as a 
~ . 

substitut.e for improper cleaning and sanit.ization 
11 

metbods 01' p~~duction. as observed by Gehl'iger (19S0). 

The antibaoterial "ystern present in fresh ra>r mille 

would ,be al~ of les$ signifioanCe in such a high 

con tanj.
nau0

1 (,.-oster .l!!:. ~._. 19Sa' Ayres.l!!:. !!!.. 19S0 ) • 

,Furth .... it + observed tbat a 10'" count milk with 111go/ml 

d 

I ' 
ba a keeping qUality of 4Q hours a~ lS·C. -wbile a billh 

I • 

count milk tilth 20~i,Hicm/ml hel.d at 22· C w1<iJ' found to 

lJ be sour 011 <;lot on boiling test. \'be comparison between 

such grades :~f_ ,pooled milk at farm lave). (Table 7) qbilled 

.1 milk "t da1.ry leval (Table II) refl.ected the growtil> of 

;1 . bacteria fr~m the farm stage to the prQCess1ng stage at 

d 
;1 

the airy d?ck. 

'i ,I ' . ~tati:iiCallY in the grOUP A study for colifoJ;IOl! 

68 our of 82 samples fell into 1 million to 3 million 
.' ,II 

IUldal clasi!. :tn the group B. 12 out of, the lS "anplee 

li ..... re found, to bave countS rannin'" from O. J. to 0.6 
:1 ' '" 

million. '11n the grOUP C ,the modal cl"ss ",ere seen in 

the range irf 5.000 to 10.,000 co11£o- per ml with S 

out of 30 samples falling in this class. 

~l 'lbe 10"'vI count of the groUp 0 Wherein sanitary 
.. 11 

methOds w.ere carried out under the supervision of the 

'I 
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j 

researcher ~bviously explained# the possibility to 
il 

exeoute good sanitary praotioes that should be 

followed in ,/the clean milk production. The failure 
, :1 
to obss,rve t,hese sanitary practices would result in 

'l 
spoilage OfJ~lk' produqti~n of off flavour of the 

.milk and al*owing the toxigenic organisms to mult~pl:v 
!j 

(Mikolaj '.9i.k, 1979, 1980) •. 
:1 

II The modern trend in the transportation of milk 
' ~ , , 

~l demands hygieniC quality of mil~ ex-farm so as to 

"' transport the chilled milk to the proceSSing dairy# 
'/ 

after. a long haulage in the road tankers, avoiding 
.1 

frequent blat treatment and thus preserving its 

nutritional quality. The percentage of inorease in 
, 

coliforms in the refrigerated tankers was only 12 and 
i 

" it was ae ~gh as 357 when they were transported as 
.j 

unchilled .tn cans (Fluo]dger at al .• , 1980),. This I .' --
obviOUSly neoesslated the production of milk with low 

j 
coliform density and the n~ed for immediate chilling 

:1 
for long transportation. 

" ',! 

'/ -

The quality of 130 oo~ngled mtlk samples tested in 

this stUdJ from various souroes inclusive of the group C 
I 

revealed that none of the samples oomplied with the ;1 . 
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:/ 
suggested Indian Standards 1479 - Part III - 1977. whiCh 

~ '.. 

Ispeclfied tile absence of c91iforms in 1/100 dilution of 
;/ 

raw milk, i.~r' I not exceed,:J.ng 10 C01,1fO~S per ml. Th3 

lowest num~r of bacteria in the best possible sani taey 
I 

standards o~ tropical climate was 28,OOO/ml (meal). 1'h1s 
! " 

is 2,800 fold higher than the suggested guideline for , 
i 

acoeptan~e ~Y Indian Standards No,1479 - Part III - 1977. 

Hence the ~~ggested gU:!.deline co\U,d a~ost be taken 'as 
, . 

desirable ~tandai'd at the producing fa;m and not at the 

acceptanQe /1 evel at dairy ~ckS. 'lhe bac~er101ogi cal 
I 

standards Jf raw oh1lle¢i milk had been 9i Ven less 
, 'j 

Significance. because of the ensuing beat treatment and . I . - . 
manufaot~i of various diversified milk products depending 

upon .1t81 quality (~lu.ckiger .!S. ~., 1980). But with the 
II 

'presen~ .kpowledge on' EnterQtoxigepiq ~.coli. and its known 

tQxlgell!ci/potentiaJ.. the dependence on heat u-eatment had 

to be reviewed with regard to coliforma whtch oould produce 
Ii 

beat at aDle toXins (Marrier .!!. ~., 1973, Klipstein and 1 . 
Engert. 1;9751 Mehlmen ~ !!. I 1976, Batish.!!:.!! •• 1981'0; 

,I 
Glatz and Brudvig, 1980a,b). The type of the end p+oduots 

Obtaln9d1WOuld not have any influence on these toxins 

whether they were fluid milk or a solid heat processed 

produr:t..!i 'Ibe stable toxin might be carried over thrOugb 

the heat treatment so as to cause publio health hazard. 
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Tbese hazard~ were recently emerging and might assume 

'a major r01e!/1n the late eighties (Busta" 19791 Richter" 
11 

19811 Korn<l;pld and Marth, 1982b, Winslow, 19821 Kraft, 
;; 

1982) • Henqje the presence of coliform in milk produots 
" . 

hitherto co~sidered as an indicator organisms of faecal 

pollutions. <'Indian Standards No.1479 - J?art III - 1977) 
1; 

proved to ~ a potential public health problem as they 

" had been 1n<!::riminated in the diarrhoec;1l diseases of 

infants ar.i/ adUlts (MarrJ,eli et !!.. 1973, Twedt and 
., 

Boutin, 19791 Glatz and Brudv1g, 19Soa,b). 

I , 

(vii) Diaeri'but10n of ,co11formsl 
'I 
,I 

The~/.1so1ates stat~st1cally picked out on the baSis 
,1 
I· . 

of Harrison (1938), were identified utilizing the conven-
t 

tional tests qlillAP,I 20E series. The API :ZOE series Qf' 

tests andl~ditiOnal battery of tests ~re 1ntellPreted 

with dtfferent,1aJ. ohart of API 20E and tables of Edwards .. . -I ._. . 

and Ewingl(1972). The colony characters in the eosin 

methYlene~blUe agar were 'alSO observed to differentiate 

between the E.oo11 and Klebsiella Enterobacter and 
'/ _'.' ) 

Citrobacter -groups. Abo\1t 10.26% of the total organisms 

~oUld nO~be identified and .thiS group was classified as 

untl'pabl~ and was not ta~en up for ~ther study. 
I 

./ 
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u -
The distribution of coliforms are presented 1n 1 . 

~able 10. Irt' the farms where insanitary oondit1olUJ 
:/ 

prevailed dUf/ing milking operations, 1_0011. (37.13") 

dominated the envirorunent followed by Klebsiella 
'I 

pneumon1ae (~O_ 54%) !~aerosellGS (13.71%) and Citrobacter 

freundii (11138%)-. E.cloacae was lCMest (7.18%). In . - 'I -. - - -
the group B rnd C Klebsiella do~nated the prevalenoe 

followed by -!.cloacae :in th_e 9X'ouP B and !.colJ. in th" 
d ' ,--

group C. A~ a whole -I<lebsiella pneumoniae (39.54%' 
II 

dominated t~e .farm enviroIlfllent followed by !.co11 (27.12%) 

.!.aerO<,1enesff (11.44%), .!_cloaoae (11.11%) and Citrobacter 
-). ., - - - I ., 

freundii (1:0.79%). - - d 
-I 
I 

Statijt1CallY the d1stri~ution of !.coli Was highly 

signifiQan~ between A anq a an4 Band c. The g.Eneumon1ae 

also attsiJed high signifiC:8nce between A and B and A and 
:/ -

c. The ~.c1oacae was placed in the h~ghly signifiaant 
.r posi tl~n between A and B and Band C (Table 11). 

Tn a)study in Russia tnterob""ter was present in the 

milk at tbe rClte of 47.7%. It was also considered as an Ii .. 

indicator!lorganililm by these authors (KartaSho."a.!!!;.~. 
1974). ~e ~str1but1on of E.ooli was (4~~) followed 

ij -
by !.aer~'genes (23%) in an environmental study made by 

-, 
Misra and Sinha (1976) in India. Contrarily Enterobaater 

)/ 
aerogenes constituted 35.0% of the group follOWed by 

" I 
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./ 
Citrobacter (29.6%) and !.cloacae (23.9%) (Kaloyanov 

jI I 
'I 

and Gogov, 197a). 
" I 
il 

All th~se studies 1ndicated, that the presence of 
11 indi vidual members of cQliform group depended on local 
II ., 

environment~ conditions, associated probably with the 

distr1but~on of the intestinal flora of animals housed, , 
I . 

the fodder fed; and preyalance of enteric diseases. 

II 

tD) SUmmaD 

The environmental niches of the dairy farms of 'I ... 

three gro~~ based on sa~itary practises were sampled 

for, the st~dy o~ ooli forme.. Thesa inol uded farm air, 

water; faxm utensils, personnel and teat of cowa. The 
'J . • 

individual'lcow' s milk, pooled milk at the farm level. 

and commdn91ed m!lk at the dairy dock were also sampled 
I 

for this s~udy. 

:I 
It was concluded that farm utensils were considered' 

~I 
to be the major source of the conta~nation of milk, , 

I 
followed l::iy personnel and teat ends. The farm air and 

,I 

farm wate.t;j played an inSignificant role compared'to other 

sources. !:l~ was evident from this st,udy that possible ' 
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I 
~anitary praafices at the farm level could very much 

I 

improve the m1~k ql,.lality at the dairy dock. In such 
j 

milk the meaQ cOJ.iform density was 26,000 per ml 
I.. ' 

compared to mean of 1. 7 million per ml, Wherever 
I 

, 

insanitary p~actices prevailed. 

The sugges~ed only avail able guideline of Indian 

St andardS _No'. 1479 "!" part III - 1977 (Bacteriological 

analySiS of ~lk) was found to be too rigid and 

unobtainabl~ with regard to pooled milk and co_ngled 

milk in this tropical climate. The individual cow milk 
I . 

produc;:.ed Et .sanitary environmental conditionEJ was alone 

fOWld to cori.tp~y· to tbis standard. '!be need for high 

bacteriological quality e~farm milk in the organised 

dairy Ejector was discussed. 

The distribution of each membe~ of col1forms in 

the farm ei,lvironment were found to vary from group to 

group. In: an overall study !.coli dominated Wherever 
l 

insan!tar~lcond1t1ons prevailed. !.pneumoniae dominated 
I 

Wherever sanitary practices were adopted d\lX'.i.ng productioJl 

Probably the &stribution was influenced by bacterial 

flora of the dung and its collection a~ disposal, feed 

lots ami other disease oonditions prevailing in the farm. 
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C~ER IV 

·1 

METHODS OF IDENTIFICATION OF TOXIGENIC COLIFORMS 
./ 

./ 
I 

Introduction 
II 

OF THE ISOLATES 

A high ~nitial dose of the organisms possessing 

virul ence fa1tors mi 911t .:De necessary to ini ti ate the 

infection ~ilenterotox1geniQ coliforms (Dupont ~!! •• 
1971, LeVi~~ and Rennels, 1978). Method of identifi­

cation of to~genic coliform included the demonstration 
. " 

of the colo#zp1;ion attribute mediated by host specific 
I 

fimbriae. These host specific fimbriae are all 
'J 
I 

antigen1cal+y dLstinct and each is a haemagglut1n1n 

ident1f1a):)l,6 aqcording to 1 ts sensitivity to mannose and 
j. 

to the kind' of erythrocyte agglutinated (Isaaoson; 19781 
, 

Evans .Jr. at al., 1979). Many human isolatea of ETEC --.j 

which prodUce LT and ST also possess fimbrial CPA either J . . , 

I 

CFA/X or C~A/II depending on its serotype (Evane et. al.., 
I -~ 

1978). I 
The production of enterotoxin is the other vi~ence 

':! 
, 

attribute ~h1Ch must also be conolusively demonstrated to 
., 

show an O~9an1Sm, to be potentially ent.erotox1gen1a 

(Evans 2!:1.!!.., 1973a, Greenberg !So !:l., 1977, Brill 
. " 

et al., 1979) in any of bioassay methods available to _._ f 
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demonstrat~l S'l' produoing potent! a.l (Sack et .2!.-, 191.1, 
I 

, Dean at al.~~ 1972, Klipstein at a1. _, 1976) _ __ " __ 0 

'1b de':~rmine the enterotoXigeneaity of the coliform. 

isolated ~jl the present study and maintained for further 
JI '. , 

study the adhesion faotors (CFA/I and CFA/II) and the 
'I 

enterotoxin' (S'1') production were demonstrated. As t.he 
'I' ' 

1 ab1.le tox1'n would be destroyed at pasteurization , " 

temperatur~i or at. further boi.t..:l.ng of milk, it \lIa's considered 

that the ~monstration of ST alone would be sufficient as 
'i " 

fqJ." as m1l~: was ooncerlled (1~urgess .2S. !..l;"., 19 '78) _ 'ill. 

presence' ofl CFA/I and CPA/XI pattern of MRHA in l.aoli 
1, 

and the pos~ible presence of similar fimbriae in other 
" ' 

coliforms ake discussed. , '-! 
,I 

jI 
I 

II 
1 
i 

Ca) Materials and Methods 

(.S,) Identi'~ication of adhesion attribute. 

1J 
(a) Mennose resistant haema99luti~ation (MRHAh 

JI 
Tl'u; organ:J,sms isolated ,for further stu.dy fran 
~ , 

11)11)( and its environment were grown in 5% sheep blood 
~ , , 

agar. The~1 were sul:>cultured on colonization facto~ 

I 
I 
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" antigen aga¥' ~ CPA Agar) 
,I 

24 hours (Evans et al., 

~i --
and 1n~ubated for a ·perioq of 

1917, L~vine ~ ..2!." 1980). 

O'A Agar. 

(b) 

Ii 

Cas~no A<l1d (Difc:o) 

Yea8t~i extract 

Mg~04,; 
I. 

MnCl.2~1 

1% 

0.15% 

0.005% 

0.0005% 

D1fc~IAgar 2% 
.I 
.~ 

pH 7.4 
r 

IJ 

. :j 
~crot1tre procedurel (jones and Rutter, 1974) 

,j 
~cter1a;~ suspension: 

A homogehous bacteri al SU$pension from the CFA 

agar was prep'~ed. CHA/I and CPA/II were identified by 

MRHA of hWD<;in: type A (Ev CI1S .!t. ~., 1977) or bovine 

'i erythrocytes (Evans et al." 1978). Human type A and 
. I' --

! . 
bovine eryt~~cytes were obtained fresh, washed twice 

in PBS at pH -r.2. The cells were suspended to prepare 

~% suspen8iQ~ in PBS with mannoss 0.5%. The bacterial 
:1 . . .' . 

suspension were made in dOUbling dilution in four well. 
11 

of the microtiltre trays previously cooled in refrigerator 
;1 

(S·C). All the E.coli and other coliforms were te~ted' -J __ _ 

I 

'i 
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. :1 
with all 'th~ two species of erythrocytes. HA was 

. '/ lcarr1ed out. Qn microt1tre plates at 24·C wi.t,h buman. A 
·1 

red blood cells and at '·C with l:rJvine cel18. 'Ibe . 'i 

plates were ;/inaUbated over night (12 hours). The 
. :1 

agglutination in the first three wells were considered 

positive. 

11 

(0) Identjj~icat.ton of t~ I. pili of Klebsiella. 
'. 
'i 

The M$JA human A and bovine red blood cells pos.1 ti ve 

KlebSiella{enewnoniae were t~sted fo;- presence of type I 

pili (Fadef !.t.!!!. # 1979).. The organisms were gr(.')wo tn 

trypticas~; soy broth With 0.5% glucose. The guinea pig 

red blood 'icellS (3% v/v) in PBS was used in the slide 
,j 

agglutJ.na;.1on test. Positive results were observed , . 

within twJ minutes. All the positive strains were 

subject edi/ to mannose sensi ti ve haemagglut;l.nation test: 

(MSliA) 1n.! the microtitre with 0.5 percent mannose (Jones 

and Rutte,r, 1914). The incubation was at room temperatlX'e. 

" ' 
The inhibition of the haemagglutinaUon in the l~t three 

'/ 
wella was considered as (MSHA) positive isolate. 

" 

:/ 
(d) serOlogical identifioation of CFA..!!, and CFW'II among n . 

MRHA positive !.CD11 and non £.c011 col1£0X'mS1 
1 . 

(Evans et 81., 1978, Guinee et al. _--- - ---
1976) 

! 
The ~A pes! ti va !. ooli cuI tures were serologically ,I 
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·f 
tested by slide agglutination test for CFA/I and CFA/II 

'I 
.with the serr kindly provided by Center for Vaccine 

Developmellt#'~1 Baltimore, U.S.A. The non !..coli coliforms 

which were similarly positive for MRHA were also tested r " 
for the rel ~ed antigenecity With CFA/I and CFA/IX. The 

·1 
working dilu~ions of CPA/I serum was 111000 (!.~ 3456/11 

purified pili). 
, ; The CFA/II antisera was from ~.coli on 

. , II .. . 
M 424 C puri.fied pili. 'The working dilution of CFA/IX wa., 

1.200. The ~orklng dilutions of the eFA/I and CFA/II se~a 
~J 

was prepareqias suggested by ~he center for vaccine 

development ,j! BaJ. tim<;)re. U. S.,A •. 

(11 ) 

I 
•i Identi!fi03tion of toXin attr1butet 

(a) 

I. 

I 

·1 Bacterial cultures. 

~l MRijA positiv~ coliform bacteria were taken 

for t.hil? stuCly. 

I 

(b) CUlture media, 
11 
Ii 
i 

Casamino acid yeast extract medium (CAY) was 

II . (). dJ;' prepared as .inod1£ied by Lallier!!. _s. 1980. 'l'ha me ",~ 

contained c~ls~no acid 3.0% yeast extract 0.6% and, 
'1 

91 ucose O.2¢.%. The pH was adj usted to 7.2 0 

.j 
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(c) 
!I CUl ture conditions an d preparati on of crude 
if -

enterotoxi'n samples. 

II From a aVij;rnight culture af blood agar (5% V/V) 

:boV:lne blood) ~ f"" colon:l.es were· 1nocul ated into the 

test medium of II 10 ml. 1n 110 ml mill<; d:l.1ut:lon bottles. 

The bottles w4re incuJ:>ated overnio;Jlt (16 .. 20 hourS) 
,I . . . 

on a shaking ~~t<ilr 'bath a: 31· C with 120 revolutions 

per minute. ThE! Clult;u;e'1!uspension W<lS preserved by 

addition lliO~OOO merthiolate and stored at .. 10·e Jtl) q . 
deep freeze c!'binets t111 test. which was (larded out 

wi thin a weelil . 'f 

Gyles, 1979). 

Rabbitsllweighing 1.0 _ 1.5 I<;g were used for thilS 

I . I. study- The rabbits were starved for 24 hOurs. 
" . l\naesth~iC !~ther was used for induction and maintenance 

I of anaesthe~1a during the e~erimental procedure. 

];>reparationllof animal for laporatomy and the operation 

procedure till the e~sure of viscera were followed on 

;1 the lines 'if K;lpl<m and 'rim!1lOnS ( 1919) • The small bOWel 

was flushed ll1th warm 10 ml of .0 •. 1 M phOsphate 'buffered 
. 1· . . 
saline ,pill 1.2) aft a; 1:1. gating the intestine in the 
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II 

pa
rt about 50 b from the pyloric end of t he stomach. ~ . . . 

The flushed in~est1nal QOntents were held in the caudal 

. , ~ end of the iler by appl'Ying a ligature. ThEl loops were 

made from the ~aUdal end 4 to 6 am in length by applying 

a single tie of single $urgical silk thread between ~ " ' 

segments. In r ween these segmentS of 4 to· 6 em, sllli'll 

interloopS of;2 _ 3 em were alSO made. Ten to twelve 
- 'I ' ' 

such larger segments were made with inter ·looPS· While . ' r 
appl'Y

ing 
ligaJion the mesenteric blood ~essels were 

, ~ , 

carefully ",vo~ded from being included ~n the ligation 

JI . and a180 from the needle puncture. 
11 ' 

In. the ~6nger segments, 2 ml of the prebeated (1S·
C 

il ) - .... .t. for lS minutes sterile test 5'1' n"epara~ons were injected 
:1 ,- J:-

with 26 G needle oarefullY avoiding tbe blood wss
els

• In 

:1 tbe interloo'ps 1 ml of 0.1 II. ~eS (pil 1.2) were injected. 
,I 

'i In the last 'segment 2 ml of stedle CYE broth with the 
,I 

same concedxation of merthioiate (1110,000) was inoculated 
~ . . 

as a contl:'ol. The cbdomen was closed and warm gauze 

paekings w~ applied to the area of operation. $!X hour8 

after the J:mu.nistration of the toXinS the rabb!ts were 
jj , 

killed witH terminal anaesthesia and the VOlume of flui-d,· 
II -, . 

per om of ligated segment were recorded .for eaCh segment. 
. ~ . RatiOS of volume to length (mllam) of O.S and greater were 

:1 
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'/ considered pgsitive. In later atudie~ one known positive 
'. 11 
and a known negative controls from the local isolates were 

~ed. 1 
(e) Histopathological examination. 

- (I 

il 
Small- ;r~ments of, positive loops were opened with 

1:ine scisao~s, taking oare not to disturb the villi ' 
) . 

pattern. The opened segments were made to adhere on a 

thiok pieoe !/'-'f Ifhatman filter paper and the entire piece 

was fixed in Bouin's flutd (Saturated picric acid 75 
. j . . . . 

parts., f():raJ.in (400")," 2S pari;s, glacial aJetia acid 

5 parts) anf l$eot.1ons were cax-efUlly mad~ to inolude all 

the three l;flyers of the iltaum for haemotox:ylln and eosin 
I 

stain and ~~re examined under light microscope iOr 
I 

morpliolog~ ~l chan gas. 

'I 
(Q) Results and. Discussion 

.I 
(i) Identification of adhesion attributel 

IvllOn,) 306 isOlates Qf OClli:6::>rms tested fCJr MRI!A Qf 

human A arih ~vine red blood oells 90 strains were found 

to' be posi1u ve for MRHA with human A or buman A and " 
II 

bovine red blood cells and 40 strains of the collforms , 1 " 
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were fOUnd toJI be. pos! ti ve for .' 
MRHA with bovine red 

I II 
blood cells only (Table 12). 

I 
The agglutination Upto 

'third well of1 the double fold dilution in microtitre 
I 

were taken asl positive •. The prevalence of MRHA positive 
~I 

strains (hwnan A and bovine red blood cells) was found 

to be more tJln 38% in case of E.coli and 35.53% in case 
II --

of !.pneumoniae whereas in cases of !.aerogenes, 1 ' . 
C.freundii and E.cloacae it was found to be lE:)sS than 

~2% (Table 1~1,).- MRHA of bovine red blood cells only was 

11 found to be more than 11% 1n cases of ,! • .£2!!, lS.12neumonlae 
~ . . 

E.cloacae and C.freundii, whereas in cases of E.aerogsnes 
-. '1-, , -.,," 

'j 
the figure w4,~ less than 6% of the total coliforms t.ested. 

In all 29.4% ;;0£ the st;r ains were MRHA posi ti ve for hwnan 

and bovine o~ human red blood cell s and only 13.07% of the 

strains were :IMRHA posi ti ve for bovine red blood cella 

(human.- , b6vine +) (Table 12). 

HA test ;jWith bacterial cells are rapid, simple and 
I! economical to perform and thus are a:mvenient for prompt 

screening ofjlarge numbers of isolates for haemagglut:!nins. 

Haemagglutination was the first observed manifestation of 

ill ~ the adheoi vej properties of the fimbriated enteric bacteria 

(Duguid ~ ~., 1955); Colonization of ETEC is mediated 
I! 

by specific ,rYpes of fimbriae. These fimbriae appeared 

;1 
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Table 12 

~ERCEN'l'AGE OF MlUIA P~SITIVE STRAINS AMONG COLIFORM ISOLATES 

Name of th3 
organ,t.sm 

No.oE " isolates 
" 

'I 
tested 

I 

Hwnan and 
Bovine 
Red blood 
cello 

Bovine 
Red blood 
cells 

. , '1 

------------~~--------------­, 

~l E.c0l1 _._ 
83 

I 

'I 
I 

!jpneumoniae 121 11 
:1 

!.aerogeneo ~5 :1 
'. , 
I 

E.cloacae 34 
~ 1" 

C.freund11 33 -

- -__ 11_ 
, 

Total 306 ~I 
I 
'I 

I 

38.55 
(32)' 

35. sa 
(43) 

17.14 
(6) 

s.as 
(2) 

21.21 
(7) 

18. OS 
(15) 

1a.,40 
(IS) 

5.72 
(a) 

11.77 
(4 ) 

12.12 
(4) 

----- ... *"! .... __ ---_ ...... _ ...... 

29.41 
(90) 

13.07 
(40) 

Total 

---,""'" 

56.63 
(47) 

47.93 
(58) 

22.86 
<8) 

17.65 
(,6) 

33.33 
(1i) 

-- -
130 

........ - .. ,- .- - - ... ...,11- - - _. _. - ._ ._ ._ - - - - - -~ ... -~---
II 

Figures in parentheses indicate the number of isolates 
11 
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'I 
" , to determine host specific:f.ty because the colonization 

factor CPA/I aJI CPA/II are found on ETEC of humans 
. ~ 

(Evans et al., 19751 Evans and Evans Jr. 19781 orskov 
-- fl 

and orskov. 19 77; Gaastra and Graaf, 1982). CFA/I 
. ',. II . 

filtbtae med1~,MRHA of hwnan and bovine erythrocytes 
fl . 

whereas CPA/XI mediate .MRHA of bovine erythrocyte. only. 
fl . . 

The aim of the present work is to· screen the prevale~e 
H • , 

of p~ic health significant enterotoxigenia goliforms 

i l ~ . . 
among the so ates from dairy farm environment. The 

main vtrulencellattrib~tes of !.coli are the adhesinS and 
J 

enterotbxin. (Evans et a.l u 19751 Evans et al., 1978) 
.' . JI -- --

Demonstration of the above two virulence faators 1n large « -
numbers of isolates is rather a HeraUlian's taak and 

. 'I 

t.edious (Sack)l19801 Mehlman and Romero, 1982). Hence 

MRHA of human Hand bovine red blood cells was followed in 
. ~ . . 

the present study to screen the isolates for the prevalence 
I 

of enterotox1~enic pathogens. 

1/ 
Among EJboli isolates, 38.55% of the isolates -,-,I . 

exhibi ted ,A pattern of CfA/I and 18. O~ of the 

isolate exhibited pattern of CFA/lI. The sensitivity 
- n 
of the MRHA to the serological identification of the 

presence of tb.N-I and CFA/II is very nn.tCh questiOllal:ie. 

On aer010gidal .identification, there were only one aA/l 
. :J 
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,POSitive an10ne CFl\In positive isolates out of" 47 

.. E.coli tested (Table 13'). Similar results of HA - ~ . .. . 

positive sti~ns not similarly reacting in serological 

tests had al~iO been reported (Scotland et ale # 19811 

Cravtoto !! ,al., 1982) 
.. ~ . 

. In the .present study, apart from !.coli iaolate$ 
n . . 

other OOlifilfms also reveal~ MRHA pattern similar to 

CFiVI and 1A1I1 but IlOna of the strains were positive 

for Ci'A/I or CiA/II. It 1s p;-obable that tb:! HA test 
.. 11 

.CQuld indiaate the presence of certain fimbi:'iae. 

Fiui:>riae Of"jd1f":I!erent antigenic types might be cl,ustered 
. . j 

together sinl,ae they belonged tQ the same HA gro~ 
I . 

(czt.rolc: et al., 1982). It was also observed that ' ...... _ " 

fini9ri ae . m1~ht not be the only adhesin f actor to mediate 
. 11 

the pathogenicity of Klebsiella. othe;o adhesive factors II . .. 
like coliphage reoeptors had also been demonstrated 

. 11 

(Fader and DaVis# 1980, pruzzo at al., 1980). So the MRHA 
'j' - - ...... 

of these s~kains might be due to fimbriae or other 

factors W~bh are not known. 
I .'. . 

In case of lClebsiella species, prevalence of type ,I 
11 -'. 

Pili and its significance in the urinary tract infections , . I . . 
had been r~rted (Fader et al.,. 1979, Fader and Davia 

'I --. 
1980, Pru2~0 ~ .!!:... ~ 1980). The role of the type :c pili tn 

II ' 
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I 

Table 13 

PRESENCE OF CFA/I ~D CFA/II ANTIGENS IN MRHA POSITIVE .!_ COLI 

...... _ .. - ......... -
Organisms 

.1 
AND NON E. COLI COLIF(RMS 

I .-

l 
--~~-~---~-~-~~----­c' 
.1 
Number tested ., CPA/I CPA/II 

- ~ - - - - -~~ ~ - ~ - - '- .... -- .. --~------ .. 
E.coli --

Non E.co11 
coliform;-

)'-!" - - ..... - - .. - ... 

'I , 

I, 
" 

'I 

·1 

47 

- - ~ ~ - - - - - -
" 

1 1 

," 

o o 

- - -- .. ... - .., .... - _., ,_ 
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eni;eric inf~ct10n is Ulloertain (Evans Jr. ..!!!:..!:!:... 1980). 

, Intestinal isolates of .Klebsiella pneumoniae was found J . . . .. 
to adhere ~lth type I pili to the epithelial cells of 

J/ 
buccal cav.:l!ty# urinary traot and intestine. While the 

'/ 
adhesion w~s high in buooal and urinary traot epithelial 

cells it wJs fewest in intestinal. epithelium. So the 
,'I . 

role of type l pil! in the intestinal. adhesions for 

product1on;! of enterot~x1n appeaJ:'E!d to be remote (p",",,",o;> 

~ !i .• 1~80). The'studies on type :t pili among human, A 

an~ bovin~1 MRHA pos! t1 va Klebsiella species indicated 
~l .' 

that only Jltwo j"solates out of 56 we~e positive in tdnea 
!J 

pig MaRA test ('I'able '14). Citrobacter strains also 

possessed;/ common f imbrlae antigen shared bf type I pili 

of Salmon'~lla (Duguid and CampbeU. 1969). No ~eport on 

Pili ant~6en of Enterobacter species could be traced. . ~ 
1 .. . 

Further lfEk. is warranted to f 1nd out the exact ~i9nif1-

cance of ,IMRHA of human A and/or bovine red blood oeJole 
, . 

poSitJ.ve,'! strains among coliforrns other than 1.co1i. 

I 

! . on,1 phenomenon that was Observed in thiS. study ti'as 

that th'1 MRHA pattern to human and lxlvine erythrocytes 

(CFlI/I) ~do~nated the MRHA pattern to bovine red l:>1ood 

cells alone (CFA/li: (Table 12). The presence of MRHA 
;/ 

bovinG rnd human type pili in !..S2!! was 38.55% and in 

~~pneumbn1a~1t was 35.53%. The overall percentage of 
il 
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IDENTI~I~TION OF TYPE I PILI IN .MRHA POSITIVE 

I 
I 

KLEBSIELbA PNEUMONIAE 

--.,.-- .. -~ .... -
Num~r'!Of 
I<lebsi.ella 

t-estcrd 

.. - ..... - ~ ' .. '- - IIIIl" ... ... _. - -

No. positive 

I _ ............ - ..... _ .. _ 
Of ... - - - -- _. -

Method of 
iden ti £1 ca tion 

MSHA of 
guinea pig 
eryth:roeytes 

---~-------------------~-
.1 



· 1 
-( 2 this pattern among coliforms was 29.41%. In a similax-

1) 

study on glObal collections in the division of enteric 
./ ' 

pathogens, Central public health laboratOl:y, London, it 
~I 

was obse>:ved that prevalence of CFA/I dominated the 
I 

preval,ence ofl CPA/II. It was reported that six out of 
./ 

28 ETEC ~ult~es tested possessed CPA/I and none possessed 

A/
' ./ 

CF II (Scot~and 2S &., 1981).. '!he high~ prevalence of 
I ' 

CF~I pattern of MRHA in other coli forms also indicated J ' . . 
the poss1bl~ presence 'of CFA type of antigenically 

, ,1 
different p.1;1i in them. 

j. 
I 

(11) Denx:>nstration of toxin attributes. 
1 
I 
I 

i 
On terminal anaesthesia the skin sutures (Fig. 1) 

I 

were remQve'd and the small intestines eJqlOsed. Distension 1 ' -
of large lqops (E) with fluid a:cumulation were observed 

I 
in comparison with nOXlnal ileum eN) (Fig. 2).. The ileum 

'I 
was dissected out carefully keeping intact. of all loops. 

"j 

There wer;e' Qi,stentions With fltl1d secretions in first, 

th1~d and1$eventb loopS (Fig. 3). These distentions 

were abseht or cOmParatively less in the interloops 
'r 
I 

(second, fourth, sixth, eighth and tenth) where 0.1, M 
'j ... _ 

I 

PBS was administered and. 1n the negative and control 
·1 

loops (nJn~th' eleventh and twelth) with eyE broth 

contain1pg merthiolate. 
;/ 
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Pi • 1 Rabbit ileal. loop t at. RAW t .ft 
aro for: toxin .. a.7 bJ &'~, 

U. loop , ••• 



1 18 

P1Vun 2 Ra~t ileal loop t-t. Distended tox1D 
po.iti (E) 11.al.-loopa comp d to 
normal 11. (N) ~ 



1·19 

ftvu. J hbbl~ 11 al loop all1llf1Dg pou U .. 
~.a\llt:a (1,3 and 1) .. red 1Cl 
D~aU Z' alll tr. (t, 11 aDd 12). !'be 
iDterloopa (2,." aDd 10) also 8hoWe4 
~he --.oee of d1at __ 1on. 
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!he volume of the fluid was medsured to the nearest 

0.5 ml CIld the length was also measured to its nearest 

0.5 em. The ratio of fluid volume t;o length was calculated 

and the ratios of 0.5 and above were recorded as positive. 

The fluid secretory response was without acute inflammatory 

reaction though ~ry mild congestions were noticed on the 

serosa in stray cases. 

out of 130 strains subjected to bioassay for ST by 

means of ligated gut loop technique in rabbi ta, 24 

strains were positive for ST. The percentage of positive 

str.:u.ns varied from 12.50% to 45.45% among different 

species of coliforms (Table 15). 

In histopathological examination the control sections 

were observed with long finger ot' tongue shaped villi 

(Fig. 4 and 5). The goblet cell activity was minimal and 

a few histiocytes were present in the subepithelial area. 

All the layers of the intestines were seen in the section. 

t.'n the positive groups the villi showed structural 

abnormali ties in the ileal loop. The activity was 

subdued and the villi had become shortened, l:road and 

blunt. All the layers of the ileum were clearly seen 

(Fig. 6 and 7). Polymorphonuclear leucocytes were 
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PiQue. H1atopa~bolOQ1o f"~\lha of ..--l 
1n . tinal .,1111 !ftw aeoU.. of • 
.,1111 abo"ing thne 1., ... of in~_t1 ... 
...... nted long toDQUIe .baped no~ · 
.,1111 · • and • x 120 · 

., ' 
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riQU. 5 p~09iaaJ. f. 'Uir • of 1 
1D~ • • ~iD-.l y1111 _.,.. W.l~h lliDl.al 
cellul.ari~J in the l-.1aa propria I 

H E x 320 . 



1; 3 

J'i9"" 6 111. tbol0Q10al fe urea of v1111 of 
the toxin po.1t1- loos-. fte v1111 h 
.. :I0Il- .lIDnened _DIS bcOa4en.4 1I1~ aYJ 
oellw.U lnfllte,,-t1OD of laJll- .... 1 .. 
All tlW lnt •• tinal ~ yer. ue o_er.ecS

• 
H and B x 110. 
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rlgl&l'8" H1.~ holevl al fat... ! villi o! 
\Ox1o poaitl" loo~. Villi baM _:=0. .. 
MoIt .. d and bro eel witb a.",uopbll 
.lnfil~r4t1ora . H and • x 320 . 
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Table 15 

PREVALENCE OF 'roXIGENIC <.DLIFORMS AK>NG MRHA POSITIVE STRAINS 

(RABBIT ILEAL LOOP TECHNIQUE) 

- ... -- - - - ...... - .. - - - - - - - - - - ......... - - --
Organisms Number Positive PercentaQ. assayed 

- -- - - - - - - - - - - - - - - - - - - - -
E.co11 4' ., 14.89 --
K.oneumoniae 58 , 15.52 -
.,!.aerogenes • 1 12.50 

E.cloacae • 2 33.33 -
C.freundii 11 I 45.45 -

--------------------
Total 130 24 18.46 

----_ .......... _ ........ - ..... _ .. .. - ....... --- .. _ .. - .. 
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present in ~'1e laminapropria. The histopath:>logical 

changes due to positive ST, were similar to the 

obaervations of Kl1pstein at al.(1975) and P1trangs1 --
et al.. ( 1982 ) • --

Tbe rabbit model was taken since 5Th which is more 

heat sta~e than STa is active in this model (Burgess 

!l !l., 1978). Further major role of 5Th in enteric 

infections was reported in the swine and human diarrheoal 

diseases (Robichaud.!!:..!:!.., 1978). In the bioassay of 

st able toxin t he response of the rabbit model was 

reported to be more sensi ti ve as the response was 

secretary type (Ra.kova Raska, 1980, RobinsBrowne !l!!., 

1982). 

The correlation of MRHA positive coliforms with 

RILT is .hown in table 16. The result indicates the 

correlation to be high with MRHA of bovine cells. This 

may be significant with screening tests as the association 

of CFA/II· and enterotoxl. n production 'WaS marginally high 

than the CFA/I. 

Among E.oo11 1501 ateei tested, 14.89~ of MRHA positive --
strains (47) were positive for st~e toXin (Table 15). 

This finding is of si9Ilific:ance in the light of other 
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Table 16 

CORRELATION OF MRHA PA'M':::RN WITH TOXIGENIC PO'l"ENTIAL (TO)C+) 

Total 
MaltA 
positive 
isolates 

130 

Human 
and 
Bovine 

90 

Number 
positi ve 

16.61 
(11) 

Bovine 
Nwnber 
positive 

21.50 
(i) 

.. ------ ----- .... ., ..... - ... - .... _ ........ - ... 

+ Tole - Toxigenio strains (Echeverriah .!!. !!.., 1981) 

Figures in parentheses indicate the number of isolate. 
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reports whlch indicated that the enterotoxigenic 

isolates among hospital environmental strains and of 

non-diarrheol ori c;ln were less than 1% (Scotland et al., --
1981, Mehlman and Romero, 1982). Perhaps, these 

differences may expiain the different sanitation leve18, 

acquiSition of enterotox1genic potential with antibiotic 

resistance as they are single plasmiC borne characters. 

SensiU vity of the RILT might also be a o:mtributiDg 

factor for higher results. Different geographical setting 

Il\ight also be a factor for the high incidence in this 

region (Scotland et ale I 1981). fi:)wever, the identifioa---
tion of 8.43% of ETEC from total isolates (83) concurred 

with findings of Sack et ale (1977) (Table 17). These --
workers identified 8% from the total isolates of E.coli --
in food. 

In add! tion to the !. ~ ST production has al so 

been demonstrated in other colifoJ:ms (Table 15). It 

va. observed that toxigenic strains were high anong 

£._f .... r .... e_W'1;,;;.d.;,oi_i_ isolates (45.45%) followed by ]i..cloacae 

(33.33%), !.pneumoniae (15.52") and .!.aer0'a!nes (12.50%) 

It appeared that non-~.~ coliforrns are more Significant 

than E.coli itself. Others had reported on the prevalance --
of enterotoxigenic coliforms in a survey of :&Dods and 



water by using rabbit model for assay of the stable 

toxin (Sadruddin at al. , 1981). --
The prevalence of all the toxigenic coliforms in 

relation to total isolates (l06) is also presented in 

table 17. The highest prevalence was observed in 

£.freund,1i (15.15%) followed by ~.coli (8.4l~) and 

!.pneumoniae (7.43%). The toxigenic., potential of 

£._f_r_e_un;;.;;.;;;di_i_ from the farm environment is .stablished in 

this study. 

In the rabbit model. the ratio of volume to length 

in 'this study varied frcm 0.5 to 0.81. The total 

toxigenic isolates were 18."6~ of the MRHA positive 

iSol~tea. The pathogenic isolates may probably be 

Jll)re if concentration of the toxin lx'oth was made before 

the bioassay. Toxin purification and ammonium sulphate 

aoncentration of toxin had shown to increaae the actJ. vit!' 

of the en terotoxins by 20 fold and by this way many 

new enterotoxigenic isolates could be detected(Nalin 

at ale I 1974, Robins Brown __ t ale I 1982). So t.he --
aoncentration of the toxin preparation would have 

disolosed hitherto unrecognised E.coli enterotoxina. --
However, it was not attempted in this study since the 

experimental conditions was set to simulate the real 

conditions in the possible production of toxins in Rd.lk. 



159 

I 
'bTater by .using rabbit model for assay of tho stable 

toxin (S~bruddin at a1. , 1981). 
'1 --
'I . I 

The ,prevalence of all the t().x1genio oo11forms in 
11 

relation .to total isolateo (306) is also presented in ,! 

tabla 17.;: The highest preValence was observed in 

£.freundJ}ll, (15.15%) followed by .1_0011 (8.43%) and 

!S..:eneumo~iae (7.43%). The 1:.oxigenicHl potential of 

c.freun~~ from the farm environmen~ is es~ablished in - . 'j 

this s t 'Y4y • 
'J 

In ~'he rabbit model# the ratio of vo~ume to lEmgth 

in this st\.ldy varied from O. S to 0.83. The total 
~ 

tox.1ganiq isolates were 18.46% of the MRHA posiUve , 

isolates iii The pathogenio isolates may probably 133 . . 

mere 1f cioncentration of the toxin tr:oth ~s made before ! ... 

the bioass~y. Toxin purification and ammon.$,um sulphate .' I 
concentr~tton of toxin had shown to increase the a.cU vi t1' 

:1 
of the enterotoxins by 20 fold and by this way many 

~l 

new en.te~otOli1genia isola~ea could be detected(Nalin 
I . 

et al.~ 19741 Robins 8rOtfll9 et al., 1982). SO tho -- .,. .... ... 

concen;~~iti~n of the toXin preparatiQn 1:IOuld have 

disclosed hitherto unrecognised !.~ enterotoxino. 
I . . 
I 

HoweVe;"", ~~ ~as not "attempted in this study since the 

oXpSrimental conditions was set to. simulate the roal 

c::onditi~hs in the pOssible production of' toxins in milk. 
,I 
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Table 17 

. ,j 
NUMBER OF ToX· COLlFORMS OUT OF THE TOTAL ISOLATES 

.j 
i 

" ------:1------ ... 
o+gan1sms'l 

,I - ~ ~, .. ~ .." ., - .. - - .. - .. • 

!:..coli_ J 
, 
, 

lS. pneumoniaeii 
. :j 

I 

_!. aerogene~ I 

I 
I 

.£. £reund.11 .j 

NQIllDeX- of Nwnbe.-
isolates positive 

......... "'!' .... - - - -_ .. __ ' ... 
63 7 (8.43) 

121 9. (7.43) 

:)4 2 ( 5.88) 

35 1 (2.86) 

3~ 5 (15.15) 

I 

'I .... - .. _ .............. __ ........... 
,Total 306 24 (7.84) 

.. - .. .. - .. __ ... _. - .. - ... 1-. _ _ ... .. .. .-, '_ _ .. ~ .. _ ., .... ' 

''!'ox+ -.; Toxigenic (Eahe~err1ah !!.~., 1981) 

Figures tn parenthesis indicate the percentage 
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There could be chances for dilution as the toxin 
~ . 

containing milk might be blendea or used for 
II 

~eCOmb1na~10n in the induStry to increaso the 

distribution volume. 
11 ' 

I 
The Fluid r:esponse in the ligated loops to crude 

I ' toxin pre~ation was the absolute reaction of the 
;t 

enterotoXin as the same sterile CYE with rn.erthiolate - 1 . . 
did not 91ve a similar response. This conclusion io 

~' . . 
supporteq by the recent repQrt that rabbits imm~zed 

agains.t ~1:1 antigen of non-E'l'EC did not 1nhibit the 
. JI . '. .. 

f1 uta sect'etion while a rabb.:U~ immunized against tho 
II .. ~ 

ETEC cultures reduced or inhibited the fluid secretion 
. 'j - -

( Molenda 4!et a1. # 1963) _ -The fl u1 d secret-ton was nOn 
~-

'j 

haemorrba,gic, olear and secretary type (Sack S £.# 
,! 

1971) • ~ minimum of 10 mgm of crude toXin might !xl 
'i 

essenti ai to produce the sear story response (Klipstein 
II 

~ !.!_ # ~977). 1\10 ml of the toxin .broth used in this 

study woJhd have bad this as a minimum to elicit pos1ttve 
1 

responser So in th.1.s study a complete tOJein' potential 

of cOlif~xms had not been demonstrated since the othar - . ·1 _--

negativ~tox1n preparatiQns might have had some' amount 

of toxin'l that would have been insufficient to eli 01 t . . il . 
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The fthe~, ~nterestin9 feature was that the MRHA 

positive ron-~.C011 cultures responded equally or more 

to the b1rassay of toxin,. The bypothesls of 1ntergeneiQ 

transfer 'Iof plasmid~ responsible for: enterotoxin 
:1 

production (Gu.er~an1;: at aJ.. # 1976; iO.ipste1n and Engert~ 

1977). is!! sUpported by th:I.s stud.y. 'l'h1s indioates that the 

PlaSmi~1 responsible for enterotoxin produoi;ion might: 

aasoaiaJb with colonization faotors in other nOn..iE.coli 
i/ . ' . ' -_ 

Q~iforrps aJ,.so (Evans ~ !!., 1978,' Evans ~ aJ.., 1919 

Tl1eat aAd Boutin, 1919, Levine at ale j 19BO). So f1.lture "j" • _ ......... -
j -.~ 

i' study n~Qessarl1y warrant the study on the sigQificance 
.! . 

9£ ~ pattern 1n oth~ non-.!.iicoli coliforms. ,M:>re 

S191d£~~ance should also be given to non-~~coli oolifor-ms, 
U . " 

since ~bey comparative~y lack reCognition as that of 

~~COli~ The bioassay for detection of $T had l)een'wal~ 
". .j 

developed since ST was considered to be non-ant.igenic. 

HaWevJk, recent reports have proved that S~ is ant1gen1o 
n. ( and i~unological tests are pOssible .Gtanel~a.!!:.!!.., 
~ . . 

1951,. I! ~ipstein .2!. !!.,,, 1983a) . 

~I 
II rr was also synthet1cally produced .and found to 

have tthe_antill"niCl Clh'U'aaters of $'1' pmduoed by baoted." 

(Kl1potein et al., 19S1b). SO the serological assay oB 
/1 -- . 

ST as th «* of L'r could be the forthcoming researCh 
H 

problem for Gaol' identification o~ ST. 
H 
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(1)) Summary 

Thre~ hundred and six isolates of coliforms were 

tested i~ MRHA of buman A and bovine red blood cella. 

MRHA of Jjwnan A and bovine red blood cells was observed 
! 

.in 29.41i4 isolates. MRHA 'of bovine cells only were 
I 

Observed'j'0nlY in 13.0OP" of isolates. Serological tests 

with 1mp~rted CFA/I and CF~IX sera ~evealed two Positive 
, 

1solates)lout of 47 E.col! isolates. None of the non E.coli 
. - - ._---' -.~ 

ooliforms (83) was found antigenic'ally related to orA/1 

CFA/IX •. The Significance of tWtA among non-!.0011 

colifo;'nls was discuS,sed. ''!be aomin ancs of human A illlQ 

bovinEt (¢HAIl patt~) over the other was reportea and 

d1scuss~d. The presenc:e of type I pili iri ,IS.:enewnoniae 

was analyoed and discussed. The bioassay of MRHA positiv(! 
.fo-r 

cultures revealed 14.89% of !..coli were positive Luoxin 

production. £.freundii was pos! tive at 45.45% level,' 
1 

fOJ.lowe:~ by ,!.,c1oacilo (33.33"> /S.eneumoniae (15.52%) 
I 

and E.aerogenes, (12.50".4>. The results of the h1sto-

patholC>:g1cal eXamination of the post t:1. va loops was 

furnisJea. Th0 applicability of RlLT in the ~:1.o~ssay ! . 
was fo~d-to be sensitive. The future role of sero 

identi~10at1on of ST w~s discussed. 



-
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CHAPTER V 

., 
STUD I ES ON 'l'I1E 'mXIGENlC COLIFORMS IN '!HE ISOLATES FROM 

(A) 

;/ 
'I 
i 

·1 

I Introduction 
I 

FARM ENVIRONMENT 

Ii 
A majol;' problem in current efforts to identify 

" pathogenic ~train would be the identification of 

toxigenic: 

pathogens 

isolates. 

less than 

,. 
c91iforms. In speoimens from patients, the 

I 

I ., 
f~equently oonstituted only 10% of the !.gg!! 

In environmental speo~mens the incidenqe was 
I 

1;:%. (Meblman and Romero I 1982). ., ~ 

" 
The s~rolo9ical identification which was the easiest 

method of ~ll the identification procedures was questioned 

because serological identification of the adhes1nS was 
II 

incomplet~ since the cultures with few exceptions laaked 
1 

enteroto~'genio potential (Scotland ~ !!., 1981). 

However, ~he serology could be a tool for recognition of 

probcble enterotox.1genio potential of ETEC strains in the 

absence o~ other practical tests (Scotland et al. , 1981). 
'/ --
'I 

But re9r~~~a~y the antisera for determination of CFA, 

had not ~en st andardi zed and onl y a lim! ted sources are 

a"a11abl~ conmercially (Mehlman and Romero, 1982). Further 
I 

adcUtion~ colOnization factors were being introduced and 
: 
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'I and correlation of the presence of MRHA pili with 
'I 

I toxigenici1;y did not always exist (Evans and EVans Jr~, 
II 

1978, Levine et al. # 1980, GorbaCll _et al,,' • # 1981, 
!/ --

Thomas et aJ.., 1982) -1 
Tb f~rd the correlatlon, serolog1aal studies of 

I.coli an, other coliforms were, attempted in this study 

wJ,th tmpc;u:;·ted antisera. 1)em:mstration of the presence 
,I 

of pili OJ toxigenic Escherichia coli .trains and 

Klebsiella. strains were also attempted under electron 
'. ~. 

mlcrosoop~. ~ attribute c9rrelation of antibiotic 
I 

resistanq~ and enterotoxi.geniC potential # a study of the 

resistanq~ pattern of tOxigeniq (tox+) collforms and 
.1 I .... nontoxig$l1c .;tox) coliforms with common antibiotics 
./ 

GJ'am negat#,ve })acteria was also made. 
I 

for 

4: 
I' 

'l'he !probable environmental factors available for the 
I 

toxigenic!: strains to produCe toxLns in milk were studied 

and diso1sed. . f 

I (8) Materials and MethodS 

(1 ) 
;/ 

Serological ~stSt 
11 ' , 

.1 
(a) Source of. specific aera t 

'l'he antisera for C'FA/I and <:FA/II ~re kindly 
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. 11 
provided by the center for Vaccine Development, University 

11 
of ,Marylan?" Baltirrore, U.S.A. In all 2$ isolates Were 

tested. ~199 specific antisera received from Rijk. 
I . 

Institute,~ Netherlands were used for serological identifi-
il 

cation of k 99 pili among tox+ E,coli. 
II --" 
I 

" 

(b) Bacterial isolates. 
"' I 

All ~he seven extra intestinal ETEC isolates Which 
'1 

were proved to possess ent:erotoxigenic potential were 
~ used in this study as has been done by Scotland at al.(1981) 

. The other)/ non !.S£il. J.solates which Were poSitiV-::i-:: MiRA 
i . 

With human A. and bovine red blood cells; were also tested 
'.... -: 

. 'I 
to find out the antigenic relationship if any with CF~I 

. '/ 
and CFA/i:;t;:. The seven E.col! strains were also tested --......... ! 

.1 

against ~ 99 specific serum. 
J 

(c) 
I' 

Slide aggl utination test. 

:/ 

(Guinee et: al., 1976, Levine,. --
and Renne~s, 1978) 

The'lover night growth on CFA agar at 37'C was used 

for alicia agglutination test. The baoteria picked out 

from fiJL colonies were suspended in 11500 and 1.100 

dil utioJ ;; ~CFA/I c;lnd OFA/II serum, on a n €M dry glass 

s114e. ilThe worlcing dilution of the sera were less than 

1.1000 ~d 1.200 which was earlier used wit)) MRHA positive 

strains1 COntrol serum from a rabbit was also used. 
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Bac:terial samp.i;es slr.>Wing apparent agglutination with 

CPA/I or CPA/It serum and abs'enes of such agglutination 

in the oontrol~rabb1t serum were considered as CF~I or 

CPA/XI positives. Likewise all the non-E.eoli cultures 
II ---

were tested W~Fh crA/x and CPA/l;J; set;um. '!'he ETEC 

strainSl grown 'pn minoa agar (Guinea ~ .!!., 1976) were 

also tested with 1,100 dilution of K 99 serum obtained 
'I ' 
II 

from R1j~s Institute, Netherlands. 

, i/ 
(i1) preearation of CFA speoific serum. 

'/ . 

Antisera to CPA/X (Evans et al., 1975) was prepared 
'/ .. ' --

with local i~olate that was positive for slide agglutina-

tion test. The ETEC CFA/I posi ti va au! ture \taa oul ti vatec 
~ . 

in Roux flask on CFA agar. After oveJ:n1ght 1ncubation~ 
" 

the growth ti~s washed in 100 m1 of PBS with sterile beads. J . 
The suspension was oentrifuged and washed with 0.1% SOdiWl 

;/ 
azide PBS. '/Pinally O~ 1% sodium azide PBS \1a8 added to thE! 

• JI 
original volume and the precipitate was suspended. The 

J 
suspension was used to immunize two rabbits' each weighing 

'/ 2 legs by repeated 4 inoculations (Strim ~ !!., 1967). 

'lbe dose w~b increased from O. 5 ml to 2 ml in the £i'Ve 

dav intervJls- ~tween the inocUlations. The r ebb! t.a were 
~ il 

~ed by the ear vein, eight days after the last injection. 

?'he sera w~re adsorbed with CPA/I positive culture growna\ 

f 
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18°C until the sera failed to agglutinate, CFA./I culture 

grown at 18~C (Levine et al .• , 1980). However, CF1\II --
was still ~rongly ag9lutin ated. Antiserum to CPA/XI 

was li~eWis+ prepared. 

'I 
These ,Isera were compared with the imported sera by 

.by testing 1!7 ETEC cul tures 25 non ETEC C\ll tures and 17 , 

other non !.S£!! toxigEm1c co11forms,. 
" 

(111) 
1, 

se~otYRlng of ETEC aultures; 

Th~ ETEC aul tur(;ls were serotyped for 0 serogroup 
rl 

at the Central Research Institute, Ka~saull for 

epidem10l~g1aal purposes. 

U,v) Indirect Fluorescent antibody technique (IFAt 

The CFA/I and CPA/XI specific antisera were used 
'I 

at dilutIons of lt100 and 1,10 respeati vel y. The 
Ii 

fluoreslein isothiocyanate (FITC) conjugated anti-rabbit 

XgO was ,robt ained from Mil es Yeda Ltd.. Israel. The F_XTC 

was used at a conoentration of 1.10. 
i/ , --_ 

(a) B~bter1al isolates; 

,I 
~e two CPA/I and CFA/II pas! ti ve strains by aggl uti .. 

nationj'test were taken up for further study by IFAT. 
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.1 

JI 
(b) Test procedure. (Hadad and ~les, 1978) 

il 
The CF~I and CPA/II pQsitive ETEC isolates were 

II 
grown on CFA agar overnight. 'nJ.in smears were made on a 

fl 
microscopic slide for eaoh cu! ture. The smears were air 

II 
dried and fixed in 95% ethanol for two minutes. They 

;1 

were placef¢i in a moisture chanber and flooded With the 

respective: antisera. After incubation at room teIDb?erature 
'I . (2S·C) for 30 minutes, the Slides were washed and held for 

:/ ( -30 minutes in 0.1 M PBS. pH' 7.2), \'Ihich was whirled in a p - -
beaker, with the help of c;l magnetic pellet and stirrer. 

il 
I 

Three changes of PBS were used. The conjugate was adde~ 
II 
I 

and held at rOOm t emt')9rature for 30 minutes. The slides . II -
\"Iere onc~f again washed With 0.1 M PBS (pH 7.2) and allowed 

to dry. liUSing FA mounting fluid the covera11ps were fixed 

The resuf,ts of two CFA positive cultures identified by 

eggl ut1n~t10n test were confirmed'. 

(v) EleLron Microsc2I?X' 
I: 

'1'h~, CFA/l positive !.coli was gro~ for six hours in ,I 

J • _ } 
CFA agar. 'l'he Klebsiella Rneumoniae were grown on tr,yPtJ.case II -- - - . -- _. 
soy broth_for e vnresslon of pil! (Fader et al., 1979). The . 11 ... ~ . -_. ,! 
grQwth 01 n solid media was suspended in the distilled water. II 

j i 

Ammonium molylXiate 0.16 M was m1:x:ed with 0.1 ml of ·11 .. 
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bacter.1aJ; susp~ns10n in equal quantity.. A drop of the 
:1 

miJC:ture was applied to a carbon coated colloidion grid. 
,I 'I , 

The grids wereJ; examined under JEOL - transmission type 
Ii 

elect.ron m.1cr~cope from 10,000 x onwards. 

I 
(vi) 

. ,j 
~table toxin produotion in milk. (Glatz a nei 

I5rudvig, 1960a) 

41 
I 

ToxigeniC co11forms isolated in this stu4y were used .. 1 . .' • 
for tOxin prciauct1on. The study group consisted of two 

E'l'EC. one to~gen1Q lO.ebsiella and another .C1trobac:ter sp. 
I 

About 10 - 2Q ml of sterilized standard milk (4.5% fat and 

8. 5% solids don-fat) 1n one 'li tre Roux flask was inoculated , , ' ... ' . . 

il 
wi th a loop full of bacteri al colonies picked out from 

ij 
overnight gr6wth on 5% bovine blood agar~ The inoculated 

!l 
milk was incUbated at 37°C for 16 hours. with r»:::Ir1od1cal i/ . lr' 

vigorous sba'king for aeration. The bacterial density at 
J the 16th hour was determined 1n violet, red bile agar (VRBA). 

The whey waJ separated and preserved by addition of 
;/ 

1110,000 merthiolate and tested in the ~oassay within 
'I 

a week. Before testing, the Whey was held at 90°C for 
:I 10 minutes and centrifuged at SOOO rpm for 10 minutes. 

T- tl '-. he supern 9t ant .. was t alten up for the bioassay. The rabbit: 
1/ . ) 

ileal loop teChniqUe (Robichaud .!.1:. .!\_. # 1978 .. and infant 

mouse diarrhoeal score test (Moon ~ !!.., 1978) were 

adopted inllthis procedure. The results of 5'1' prOdootion 
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were reQorde9_ Oont~ol test with non ETEC was carri~d 

(lut. 
I' 

(vii) II 
Antibaoterial drug sensitivity test. (Bauer et al., 

1/ 1966) --

(a) .Susoe2tibili ty disos. 

'I 

:~e "Biodisc" • 212' for Gram negati va 
'1 

bacteria QO~:tainin9 kno~n- -amounts of 12 antibiotics or 
.1 

ahernotherapE!utia agents were obtained from Pasteur 
n 

Biological ,l'aboratories (India). , 

(b) Media. II 
1 

II 
Muell er'!'"Hinton ag ar tes poured in glass petri 

dishes to ail depth of 4 nun. The sterile moisture free 
.j 

plates after 24 hours 6f incubation were used. 
; 

I' 
ol 

(0) preearation of inooulum. 
;1 

li 
1be 241 toxigenic coliforms and randomly picked 26 

;1 
nontox1.ge~,c coliforms were used in this .. st.udy. The , 

Il 
overnight growth of organisms were inoculated into 

.: 

tryptlcase 1!$oyc broth by transferring four or fi ve 

colonies. lion incubation for six hours at 37·C, broth . . I 
cultures ~th moderate turbidity were used as inooulum .. 

I 
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(d) StreaJdlng' of platess 
II 

I 
The Mueller Hinton agar plates were streaked with 

j . 
the aid of iiterile a>tton swab •. dipped and squeezed with. 

the inoculum streaking successively on three different 
1/ 

directions ;to obtain a sheet of growth. The plates were 

incubated ~or about 3-5 minutes for the inoculum to .dry. 
I 

The susceptibility discs were placed and gently pressed 
II over the inoculated surface. On ove~night incubation the 
" 

, II 
results w~fe read. 

oj 
I , 

(e) Reading of the plates. 
'/ 

,I 

The diameter of the each zone inc::luding the disc 
./ 

diameter ~ere measured at the obvious breakpoints with a 
I 

vernier ~allipe.r to the nearest point. The readings were 
./ 

interpreted with the zone size interpretative table 
I 

1/ 
prOVide;! by the manufacturer. The results were recorded, 

as resistant which included both resistant and intermediate 
i) 

column ~d absolutely sensitive. 
JI 

:/ 
" 

CC} Reaul ts and Discussion 

(1 ) 
/1 ~ 

Serological Teat for Colonization Factor Anti gens a 

" 
The seven isolates on agglutination test with CF~I 

JI 

" CFftv'II specific antiserum revealed that one strain was?; and 
., 
I 
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I 
perhaps this is the first report of isolation and 

,I 
11 

demonstrption of potential enterotoxigenio strain of 
. 1/ 
human si;gnlficanae from dairy environment in the part. 

,I 
of the cl,untry. 'I . 

f: 
The pathogenic potential of the other f1 ve isolates 

I 

fl 
which ~howed prevalence of $1'b, but lacking in CFA/I or 

Cf'A/I.I !~s <:i1fficul t to ascert a.1n. The poasi bili ty 1s 
J .' -

that these strains may harbour other colonization factoJ' 
! 

antigeti apart from CFA/Z or CFA/II. Recent reports 

sugge~~ed that human enterotox1genic strain may harbour 
/I 

a. third colonization factor antigen (E 8775) (Thomas 

et all', 1982). So, a battery of such new antigens may - -11 
be discovered 1n due course within which the other five 

j 
]_.coJ:! may fit in. The other possibilities should also 

iI be considered in view of the recent report of the human 
:/ . 

enterotoxlgenic strains that in addition to pili other '{ . .. 

f~ators such polysaccharides, slime-layer or lectin may 1 - . 
mecJate adhesion (Deneke et al., 1979, Levine et al., 1980) 

-:1 ........ --- - .......... 
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;1 
(i1) Pregaration of CPA serat 

~ 11 

CF11 and CPA/XX sera are not fUlly standardized 

and are not commercially available (.Mehlman and Romero, 

1982) • A~ attempt was made to prepare CFA/I and CFA/II. , . . 
antisera ~or routine diagnostic purposes. The 24 entero­

d 
toxig~icil cultures,. 2S non-ETEC cul turea were tested with 

1 
imported ;[FAII and CPA/II antisera and w~th the ~tlsera 

prepared}/l.OCallY• 'lbere was 100''' cQX'relat1on between the 

tests. This incti03te that local antisera can be prepared J . . . 
for large $cala soreening p~rposes. 

11 

(i~1) 5erotxpes of toxigenic !.S2!!.1 

1 J 
The resUlts of 0 serotyping revealed tha~ five were 
'I 
I 

0111 and the other two were untypable. The source of the 
. " 

\1 five typical strains were two from soil one each from 

personn~l# water and teat (Table 19). This showed that 
~/ 

the same 0 sera group Which Was found in the milk was also 

seen iri the farm environment. 50 the poSS~h1.l1ty of 

contan~nat1on of milk exist in the farm envircmment. :tn " 1 . . 
these 7ircumstanoes;inspite of the absence of the adhesin/, 

pili a~ observed,the five strains of the !.coli may st!ll 
iI 

prove to be potentially pathogenic if stable toxin is 

proCiuqed in the milk. 
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The cl~SSiOal 0 grcups asscoiated with CpAlI are 
1/ 

0,·15. OI25~)1 Ot63 and 0.78. The alx>ve classioal 0 groups 
. 'I 

does not include strains belong1ng to' .other 0 groups 

"hich "ere J!reported ocoasionally (Gaastra and Graaf. 1982). 

It was thought. earl! er that CFA/II ocours excl us! vely in 
'I 

o group 6 and 8 (Evans and Evans Jr., 1978). BUt later 

reports c~hfirmed the prevalence of CFly'II in other <aroups 
:1 

apart from 0.6 and o.a (i.e:.) 0.89,0.85 and 01115 

(eraviato i~ . .!!., 1982). Further the production of ST, LT, 
II . 

CPA/I andl/CFA/II are controlled by plasm1ds. Hence the ., 

prevalen~ may m independant cf .serotypes 1n _! • .s!!.!! 

(Evans Jr .. , et al., 1977). However, 1 t has been proved 
'I' ........ -.. 

that thel/e is clustering of ETEC strainS 1n c;;'tain 0 groups . 
. / 

perhaps due to unusual stabilit.y of virulence plasmids in 

certain qerot ypes (Evans Jr. .$. !!!., 1977). 

" 
Thef 0 group isolated 1n the present study is a known 

·1 
enterop~1;hogen1c 0 group of infants and adults (Ranganathan,' 

'I 
1973, ~ingh aDd Ranganathan, 1974, Orskov and Orskov, 19771 

" 

Mehlman,;" and Romero, 1982, Kumar ~ ~., 1982). The presence 

" of serO,'group 0.11 in the dairy environment of Ind1 an farms " 
./ 

were al1so reported by T~r1patll1 and. Son! (1982). In the 

.,..,resen~ at"ud y the E. co11 str ains of 0 t 11 was found to s:- '/ __ 

P' ossess both virulence attributes of enterotoxin and p . 
adhesin. It was postulated th a::. the serotypes of ETEC 

;1 
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II 
may vary from region to region (Sack, 1980). The 

11 
isolates that produced ST only were found distributed 

1/ 
among 15 0 groups while the isolates that 'produced both 

JI 
the tOxins were restricted to only four groups (Baak 

I 
et a1.; 1980).' !Th1s indicated that if the iaolates are 
--- --- ,1 

I 

only ST producezrs# they are likely to be distributed in 
,1 

various non-classical serogroups.' Hence, the present 
11 ' 

findings confirmed the possib!lity of enterotoXigenic 
/I 

strains 1n other 0 groups apart from classical sero 

1/ groups. 
I 

I 

J f ' Out of the total isolates tested rom the environment 

the pr<lValenaejof toxigenic ....... _!." .. U. coliforms is presented 

1n table 20. 1r9 water and equipments rinsed with such water 

yielded high ql.unber than the other environmental niches~ 
" 

Hence the contaninated water would be a potential source if 
f," 

I . 
used untreated for ri,ns1ng purposes. 

I . 
,I 

(Iv) Application of serological tests. 
" j 

As perl/the recent reports ,it is postulated that t.he 
,I 

virulence at~r1butes of human E.ooli (ie.) adhesin and 
'/ -_. . 

enterotoxin are borne on the Same plasmid and there iSI a 
;1 ~ 

possibility ,of clustering of human, :£TEe 1n certain well 

defined serggrOUPB (Gaastra and Gra:af, 1982). This J' . 
hypothesis fecommends the use of serotyping for routine 
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Table 20 

;1 
'l'OXIGENIC ISOLATES IN THE FARM ENVIRONMENT 

11 
/ .1 -- - - - - ~ -- - - - -- - ---- - - - - - - - --
I Number of Number Source il 1s01 a t as pos1 ti va 

! 

\, 

------~---------------------
Air 38 3 (7.,89) 

Water 38 5 (1:h16) 

~ersonne;L 35 1 (2.66) 

Teat 65 2 (;3.08) 

UtenSils 56 5 (8.93 ) 

Milk 74 8 (lO .81.) 

-----------------
Total 306 24 (7.64) 

II 
Figure~ in parenthesis indioate the percent age 

11 
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diagnosis Jf ETEC mediated diarrhoeal. infeotions of human 
~l 

and for ep1:dem101ogical study of E. coli Contamination in . ~I. -. 
the milk frds. While the serogrouping may be a screening 

test fOr EfEC and ETEC se~o groups 1n dairy products, the 
;, 

mere presence of it does not necessarily· warrant the 
;1 .. 

rejection tf the milk foooo posseSSing. audn serogroupn. 

So" the reports stating that mer~ 0 grouping is not· a 
" 

h -
.satisfactory tool and identification of ETEC for enterotoXin 

I 

I 

assay haS{aJ.ao to be borne in mind (Glatz and Brudv1g, 1980b 

Orskov and Orskov, 1980) • .. / - . 

(v) 
11 

Demonstration of K 99 pili • 
. _, 

:1 
l 

OUt of the seven ETEC tested with K 99 specific serum" 
;/ 

one isol!re ,,'as positive for K 99 antigen. The K 99 was 

serolog1q~11y demonstrated from the ETEC isolated from the 

II milk' of 9
1 

'cow in group A :farms. The isolate might have 

had its ti91n from the interior of the udder or from teal: 

tip. Thr-e 1016S also 6 chance of contribution by the milker. 

-/ 
This colonizing factor of E.coli mediate adhesin 1n 

:1 --' 
calves, lambs and pigs (Isaacson" 1978). The farm was II -._ 
a mixed type having swine population also. The reported 

!I 
clasaica~ aerotypes were 0.8, 0.9, 0120 and 0.101 ~n 

jl 
calves and lambs and 0164 and 01101 in swines (Gaastra an< 

'1 
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'I 
Gra-qic# 1982,) _ A random study o£ toxi genic and non 

II ' 
. ;1 

enteropathogenic E.ooli with K 99 specific antiserum 
'/ --

did not re1ia1 the prevalence of K 99 positive 0111 

serogroup <t1ltlOng cows and calves in Pantnagar ~ India 
~ , 

(Kumar ~ .2!-, 1982). Henoe this reporting of K 99 posit.ive 
tl 

Oal1 serogroup 1n the dairy environment might also probably 

be a firstj/report in this country. 

(vi) Indirect fluorescent antibody technig,ue (IFAT) 

1/ ' 

The ~CPA/I and CPA/XX positive strains stained by 

indirect !'mmunofluorescence methods revealed peribaoterial 
11 

fluorescence (Figure a and 9). The indireot fluoresQent 
II 

antibody technique results confinned slide agglutination 
~I 

test results. 
~I 
~I 

Rapid identification of ETEC is considered e,ssent1al 
Of . 

for epidelniologioal. studies of fooa poisoning (Marrier ij -
et al., 11913). 'However, conventional procedure such as 

:o:tiog, identification snd denonstrstion of Virulence 

II attributes are time oonsuming and labour oriented techniques', 
1/ 

The effieiency of IFA'I' for identification of ETEC had been 
1/ ~~-

reported by several workers (Hadad and Gyles, 19781 

IsaacsoJI, 1918, Moon ~ £." 19181 Ben.t:ield and FranciS, 
1/ ' 

1980). 'rIn this study the demonstration of CFA/I ana CFA/II 
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antigen in two ETEC cultures by agglutination test had 

been confirmed. Since agglutination tests are easy and 

can be performed in ordinary laboratories, the IFAT, may 

be used as a tool for con fi rmati on of the presence of 

CJ'A/I and crA/II in the sophisticated laboratories. 

However, this test could not be a.pplied in detecting a 

particular serotypes of !.£2!! in cheese samples (Yager 

and Kershaw, 1974). 

(y11) Electron microscopic study. 

The toxigenic cultures with CJ"A/I and erA/II were 

further examined under electron microscope. The moderate 

piliation were visualised a. a fuzsyooat alOund the 

organism. In case of pili ated bacteria cell wall 

demarcation was not distinct (Fig. 10). The electron 

microscopy is one of the metlx>ds used for the cl assification 

and the confirmation of the pili. 

A non-piliated Klebsiella pneumonia. with capsule i. 

seen 1n FiO. 11. This toxigenic Klebsiella may probably 

be in the non-piliated phase of type 1 pili (Fader !1 !i. I 

1979). The capsul e is clearly seen in the Kl ebsiella. 

The fuzzy CX)at is absent and the cell wall is clearly 

distinct. 
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,I 
The CF~:r. pil'! appeared to be non tubular.. The 

fibres also ~howed a tendenoy to aggre9a~e twisting 

around each other (Wadstrom et al., 1978) • 

. !I --
(viii) Produotion of stable toxin in milk. 

'I 
In the present study for st abl e toxin product! on 

1/ 
stationary Cultures having low volwne of milk per volume 

II 
of flask was used (Gomes et al., 19 79). It was considered 

~! --
necessary that for production of enterotoxin sophisticated 

equipments ~bUCh as incubator shaker were essential as the 

agi taU on ~nd aeration had a significant effeot on 

prodUCtiOnl:!Of lJoth ST and LT. Agitated cultures contained 
I 

twice the Aumber of bacteria than of stationery cultures 
il 

(MUndell !S ~., 197$). In this study,. the stationary 
:1 

cultures Were agitated manually for ,aeration Simulating 

a cQnditi9n of transporting milk at: ambient temperature 

in ccns. ~!In the field, low volwne of milk per volume of 
'j 

can bad been observed by this .researcher during transport • 
. / . 

1his oouta provide optimal conditions for toxin production. 

OUt I,L; four "'I),tures inoculated in t he milk media, 
I . 

two proved to be positive for enterotoxin production aiJ 

fl 
assayed .in r:abbi t ileal loop technique (RIL'I') and 

infant J&use test (IMT). In the IMT diarrhoeal sa:>res 

were taJLn into considerc:t:.ion for interpreting result 
~I 
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,I 
(Mlon !S !!., 1978). The test was conclusi vely pos! ti ve 

!/ 
as tb!re w-as death of one lnOlUJe with the d.1arrhoeal. 

scores offlmqre than three (Fig. 19l. One out of the two 
II 

E.coli cultures was positive in the RIL',1' and one out of 
... ;/ 
one Ci trobacter was poSit! ve in IMT and RIll!'. The 

bacteriall density at 16 hours after inoculation for 
I 

tOxigeni4/ cultw:es were six and nine logs (Table 21). 

The control with non-ETEC was negative in RIL,' ''1' and IMT. . 'I ' ' -
Maximum yield of stable toxin was observed after • 'il ' ". , 

seven hours of incubation under forced aeration ana 
~ , " 

anitation in BMI broth (Lallier et al., 1980). 1be 
lSI JI ' , .,' - -

optimum pH 1Jtul d be 7.2 wi tb yan ations upto 7. e. At thie 

level Ofj? 2 _- 7.8 maximal 8T product1 on occurred (Lallier 

et al., 1980) 

-- 11 

'l'he./ positive resul ts in two of the four cu! tures 
I, 

indicate' the potentiality of the enterotoxigenio 
J' " . 

coliforms to pn>duce the toxin in the milk. 'nle milk 
il 

media Could probably contribute the re~red nutrients 

as that~present in 8T ~oth (Lallier ~ ~ •• 1989). 

'lbe failure of the other two organisms to produce tOxin 
n -, , 

might probably be due to adverse pH due to lactic acid 
il 

ProdUJtion 'h .. these col1forms (Lallier et al., 1980). 
11 .... ;r - - . 

AI terna1ti vely the quant urn of toxin might be lesser than 
II 
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II 
10 mg per ml so that the toxin level was insuffioient 

~ . . 
I to elicit reaction .:tn the bio-assay model. (Levina at al., 

li . --
1980). E~11er study in milk,also indicated that only 

one· out of l/three known ETEC oult ures produced only heat 
~ . 

lab!le toxin (LT) (Glatz and Brudtig, 19Soa). No ST was 

produced 1~ t he milk as reported by these authors., 

li 
so thi,s e~er~men~ has oonclusively proved that. ;I ~ 

milk may sifbstitute the eYE toJd. n broth. With ideal 

volume of kllt. for a stationary culture" the milk may 
~ . 

support the growth of enterotoxigenio colifoxms and 
~. . 

provide op~mal conditions for produc::tion of toxin. 
:1 

As the toxin is prefozmed without the need for adhes;l.n. 
'I 

factors, the .milk may be potentially hazardQud to produce 
!l 

diarrhoeaJJI1l1ness to the consumers especially in infant.s. 

Since theJ~ toxins being heat stable at 100·0 for 30 

" minutes (Rlipstein and Engert, 1975/~ipStein and Engert. 
il' . . ""> 

1976a,b) they could also be potent and act~ve within the 
11 . 

usual heat treatment. 

. fl . di . i d· .; bl 'lhe optimum can tons for the pro uct.".on of sta e 

t.old.n a:-e1e~lcitlY available when the milk is tranSported 
I . 

in the half-filled or quarter filled cans providing 
~ . . 

sufficient aeration for the toxigenic cultures which might 
i '., . 

have entered the milk from the farm environment. The 

requisite!1 amount of agitation is provided when these milk 



192 

J . . 
cans are ~ransported in lOl\ries in the village milk 

·1 
routes. The stable toxins thus produced may be heat 

1/ 
stable and may be available in the f1 uid m1l~ 9i van ij . . 
for bab1e

1
r; Prom bly the infant is not able to t()lerate 

even the diluted toxLn which causes gas~ tntestinal 

disordet~1. The adult may be able to withstand as the 
~ " 

adult mouse were found to be unsuitable for the estimation 
~ . . . 

of d1arrTeal SQOre (MOon ~ ~ •• 1978). Ileporte are 

availabl~ that many fold increase of ooliforms occurs when 

the milkJ!iS transported .in cans (Fluck1ger et!!.., 1980). 

.. ~ . . 

'l'hi.EI hypothesis, of availability of ptffeformed i;oxin 
·,'1 

in the mllk exposed to near 37·C with aeration due to 
;/ . 

agitation and growth of col.1forms Within about five hours# 

may hav~1 to be furthEll:". studt ad in detail: '!be dc>nS1.1D\Gr 

attitudes of feeding the fresh milk to the babies may 

support !I~he view that the heat processed dairy milk may 

be a cause for the infantile d1 arrhoea due to the stable 
/ 

toxln •• ! 

I 
I 

(ix) Antibiotic sens! t1 v1t,l1 

1/ . 
The "resul ts of t he antimicrobial disc diffusion 

11 
technique for enterotoxigenia col1forms and non ... 

)1 
enterotoxigen1c coliforma are presented 1n table 22. 

:1 
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Table 22 

v +. 
COMPlIRISON OF IrUO RESI8!'ANCE IN 'l'OX l\ND Tf1X,- COLlFORMS 

..] - - .. .. ... - __ , .. ~ - ~ . .., .. ... .. ... ..... - ~ ....... - ... .... .' - .... "'0 .. .. -- ~ .. 

Antibacterial 
'J + 'lb,,-

1/ Tax 
agent. coli:foX1no eoliformo 

,/ 24 26 _ .. - ~ - --- - ~ ~ ~, ~ - _, ~ - ~ ~ - ~ -~ ~ ~ ~ ~ ~ ~ - ...... 
Ampioillin 

;1 
lOP 69.23 •• 

II (24- ) (18) 

Qephalor~dino 100 46.1$ ** (24) (12) 
Gentamicin 'I 0 0 

QUoramphenicol .! 25 7.69 'It. 

'I 
(&) (2) 

Car_Qenicillin ! 100 100 
~I (24) (26) 

Pol ymyXin-B 
'1 

100 100 
(24 ) (26) 

Kanamycin I' 62.50 7.69 .'. (lS) (2) 

Co-trimoxazole 12.50 0 * (3) 

** Streptomyoin 58.33 15.39 
(14) (4) 

Sulphatriad II 9S.83 84.62 
(23) (22) 

Tetracycline :{ 100 46.15 ** 
II 

(24) (12) 

Ollistin i 100 100 
(24) (26) 

--------}~------------------~.--~ 
Figures .in pat'enth.~.1.s indicate the number of isolates 

* Signif.l.catlt II - (" < O. 05). To: + - Toxigenic a>U£ ormd 

... Highly signifioant. (P < 0.01) ToX- - Nontoxigenic aoliforms 

" (Ec:heverria}1 !!:. ale ,19~ 



II 
It may ~ seen from the table that on statistical 

ana~ya1s~tox+ coliforms significantly differed from 

tox cO~lforms in seven out of twelve antibiotics. 

The res{st~ce was noticed in ampicillin, cephaloridine, 

kanamycfn, streptomycin and tetracycline. In co-trlmoxazole 
II 

the resistance was moderate. 
" 
'I 

II 
~~ drug resistance pattern among tox* and tox-

cOlifJlns are presented in t.able 23.· Among tox+ col!foImS, 
JI 

for sev:/en antibiotics five isolate.o (20''"') were resistant. 
. J 

For eight an t1biotlC::G ft va i.solates (2trA)' were resia tant. 

'l'WelVe~i"ltllates (50%) were found """siatant to nine to ten 

antibiotics out of twelve emplo~ed. Among tox- coli forms n J . . 

as much as 84.61% were found res,i;atant from four to six 
:/ 

antibriCS. 

~,n a genetic study of ETEC isolated from pig with 

diarr~oea it was found that the genes controlling tho 
il 

antibiotic resistance and enterotoxin production werC3 

locat~d in the same plasmid (Gyles at al., 1977). 
J . --

Ampicillin reSistance had also been found to transpose 

into II",. .2!!!:. plasmid in ! . .!ll!!!. strain of humen origin 

(Mocolne~~ at al., 1979). In this study also there were 
1/ --

highly Significant development of resistance for seven 
'/ 
" 
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+ antibiotiQs aroong tox co11forms tlhic.h subscribed to t.hQ 

view of Gyles,!.t!!!,.(1977) and'MQConnell et !!!.(1979). 

ThiS confirmed the early view with' ETEC strains thst 

genes whioh coded for antibiotic ~esistance and ente~oto~n 

product,:ton are frequen'tly transferred together (.Echeverria 

2i~ .. 1.978a). 'l'h.J.s study illt.\s~rates that these plasmid 

borne ol'erac::t;ers are not onl.y p.r;evalent among ETEC~. but 

aJ,so preva;ll in other coli forms a.lso~. 

'lbe tox+ califo.nns were hundred percent resistant ·to - , 

ampicillin and tetrac¥cline (Mer.son !So . .!!.u 19ao)~ T~s t~ 

in contraiy to the J:'eports of Bishop (!t !!.. (1980) and 

aack (1981) where t;he mastitic coliforms and ETEC were 

found to be susceptibl e to tetracycline, cephaloridine· 

and ampi~llin, However, the findings with tox- co~i£orms 

correlates with the stv.dy of BiShop .!! ale (1980). 'l'his 

once ~ga1n c(:mf1rms ~hat the genes which code for antibiotio 

resistanoe and enterotoxin production are frequently 

transferred together. If genes encoding for antibiotic 

resist alee and enterotoxin pl:'o<iuct1on are f~equently 

carried on the same plasmids, cntib10tic selective pressure 
._ . + 

should increase the prevalence of tox. coliforma in the 

dairy environment where antibiotics may be carelessly used 

in the treatment and as feed supplement. 
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This type of stl,ldy was taken up by Echeverria at aJ.. 
. ,--... 

(1981) with the ,.!.coli. in human population with Judioial 

administration of antibiotics. A controlled study of 

this sort in a dairy farm may enl .... ghten the transposing 

of enterotoxin production in the plasmids for antibiotic 

resistanoe. The interspecies transfer of R factors along 

with the transfer of charaoters for enterotoxin .production 

may also ];)e a further st.udy of interest. 

Out of seven ETEC iso~ates one strain was pos~tiva 

for CF~7 and another was positive for CFA/I~ by slide 

aggl ut1nation test. '4'he presence of both the virulence 

attributes from the dalry farm envimnment may bs first 

report 1.n this country. The other five toxigenic culture 

may probably have new colonization factors or other 

adhesion factors. The other 'toxigenio coliforms did not 

possess any pili antigen1cally related to CFA/I or CFA/II 

as demonstz;at ed by agglutination test. CFA specific sera 

'!flere locally prepared and founq. to compare with the 

imported sera. The serogroups of the ETEC were identified 

as 0.'11. which were r~e amongETEC possessing CFA/I and 

CFA/I:r.. The distribution of serotype 0.11 of !.ooli in 
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farm environment was discussed. The farm water and 

farm utensils contributed highest tax· coli forms, than 

other fqrm sources. l( 99 was demonstrat.ed in one E'l'EC 

whicb also possessed CFA/II. '!he presence of CFA/I and 

CF~II were confirmed by IFA'l'. Demonstration of pi11ated 

phase of ,!.,s.2!! and non piliated phase (type I) o. 
I<lebsiella was done Wlder electron microscope. It was 

also found, that the""milk could support the growth of 

tox.1ge~c cu! tures and tne pJ:9duction of toxin was 

demonstra ted in RILT : and infant. mouse diarrhoeal score 

teat. The drug resistance pattern of toxigenic co11forl'lltS, 

were stu.died and compared with that of non-toxigenic 

c::oliform$. Associ~t1on of antibiotio resistanoe and 

ent erotoxin pmduction was observed. ',rhe toxigenic 

coliforms were absolutely resistent to tetracyolines snd 

ampicillin. 
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CHAPTER VI 
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CHAPTER VI 

RAfID SCREENING TESTS TO DETECT MILK O~ITr 

(A) Introduction 

'!be milk is a perishabl e item where the b~cter~ al 

flora ~s in a dynamio state of multiplication, and if 

uncontrolled, would lead to spoilage, and consequent. 

salvage operations (Cowsins., 1982). The bacterial fJ,.ora 

of raw milk depended upon the care in ~ts production 

(Mabb1t, 198Qa)·. The antibacterial lactenin system 

available in fresh clean raw milk might keep the 

bacterial. mul tiplj,aatt on especially that of Gram ne9ati ve 

bacteria (OND) under control for few hours from the 

production because of .1 t9 bact.ericidal property (Bjorok" 

1978) I and chilling of milk wi thin this period might. keep 

the existing bacterial flora in its minimal. metabolic 

status by lengthening the generation time (Ayres !S. !!., 
1980). But these antibacterial system might playa minor 

role in the def ence mechanisms and probably did 1i ttle 

~o inhibit the dyna~a multiplication of high in1ti~ . 
contaminants, \tilen the raw milk was exposed to tropical 

~~ 

. ,temp er at ure before chilling (Ayres ~t ~~, 1980). 

The estimation of the bacterial qUality of raw milk 

would help in its grading (Indian Standards No.1479 -



Pari;. I-19(0). Standard tests such as dye reduction 

, ·tests to m~asure the metabolic activity of m1cro~ 

org CIlisms could not be interpreted in terms of actual 

numbers of bacteria since they were d~endant on the 

metabolic rates of microbes. Hence these tests. could 

only serve as an index of' microbial loads. Further 

they are not reliable fo~ GNS (Luck; 1972, Ayres ~ !l., 
1980, Oousin~/1982). The enzymes of the ONB, could 

break down the mill' fat and protein (MQPbit, 1980a). 

The role of GNB in the keeping quality of refrigerated 

raw milk had been comprehensively reviewed (Cousins, 1982) 

the estimation of Which would be necessary as they ware 

dominant in refrigerated milk (Ayres .21 !!. .. i 1980) ~ The 

routine plate counts for general viable count or col~form 

CO\Ult woUld consume a minirnwn of 18 hours being the 

incubation period (Indian Standards No.1479-Part 111 ... 1962, 

Ind1a~ Specifications 5402 - 1969). 

Since the time involved for investigation is very 

limited the microbiologists should evolve new tests or 

apply availabl.e suitable tests for rapid screening of 

milk for enzyme pr~duQ.1.n9 GNB from a neW" unknown source. 

A fully automated systems was developed for one hout 

identification of the Enterobacteriaceae utilizing 



fluorogenic substracts and luminescent tests and 

I reactions (Hartman and Minnich, 1981), ather systems 

for rapid estimation· were also reported (Gnan and 

Luedecke, 1982, Waes and Boasuyt, 1982). 

"the LimUlUS amoebolysate test is a reliable test 

for the presence of GNB. Here the clottabie blood 

prot~in of ~~mulus (horse shoe crab) when allowed to 

react with the endotoxin of the GNB, would form gelation 

thus indireotly revealing their presence in the sample 

of milk, 1n one hour. This is conEJidered as a rapid· 

1;est to eval.uate the nwnber of GNB by appropr1 ate 

caloulatt on (Jay" 1977, Jayet a1., 19791 Jay, 1961). --
Chromogenic LAL. method had been ~ecently developed in 

the O1agn.osia of gonococ;cal and nongonococcal urethritis 

!n man. The ·test results had been observed within ten 

~nutes (~;ler and spagna, 1983). The LAL had been 

applied to detect Gram negative bacterial endotoxins in 

normal as well as 1n mastitis milk (Hartman !S ..!!.., 1976) 

This preliminary study is an attempt in the 

application o£ Limulus amoebolysate test as a rapid 

screening test under Indian calditions. 
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(9) Materials and MetlYXia 

(1) Glassware and distilled water preparat:1 on. 

All glassware and utensils employed in t~e LAL 

procedures were rendered pyrogen free,. The glasswaltee 

were completely immersed for an hour after thorough 

cleaning and washing in £~esh pyrogen free distilled 

water. The gl~sswares were packed with fresh aluminium 

foils and sterilized at 190·C for two hours on two 

subsequent day •• 

~e fresh ~rogen free tr1p~e glass distilled water 

collected in a sterile container just prior to test waf 

distributed aseptioally in presterilized m1l~ dilution 

:bottles in 99 ml quantity and in test tubes in nine ml 

quantity using measuring Jars and pipettes specially 

pt:epared £01; LAL test. The pyrogen free water thus 

prepared was utilized within two days of preparatton. 

The water samples were twice tested for their pyrogenic 

contents in rabbits as cesQribed by Kaple.n and 'l'imnon • 

. (1979). 

(11) Milk samplesl 

~ndividual cow's milk eamples and pooled milk 

samples collected 1n t he pyrogen free glass container 
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were frozen till the test. A minimum quantity of. 20 ml 

was collected for each test. 

(iii) ,'lest procedure (Jay, 1977) 

The l,J\L test. was performed by adding 11 ml of 

quickly thawed milk into 99 ml of pyrogen free water. 

'I'he earlier att empt to extract the 1nMb! tors by aqd1 tion 
I 

of equal volume of oh~or6form as sU9g9stea in endotoxin 

detection ~f blood plasma (Anon, 1973) and followed by 

Hartman at a1.(1976) was disoontinued in these stUdies ,_,-- -,. -. 

for simplification as applied .in meat stud;l.es by Jay (1971), 

Jay et a1. (1979). .'1'0 extract GNB and endotoxina in this 

study, the milk dilution bottis' was baa·ten in the palm of 

the hand, 25 times \'~thin 10 seconds, with five minutes 

interval for three· times. one ml of particle free homogenate 

taken below the upper layer of tat. was placed into a stez:ile 

pyrogen free test tube. Seria~ dilutions were made up 

to 1010 for just drawn milk and fresh raw milk and upto 
18 . ... '. 

10 for pasteurized milk. pooled\ ~ge,d !Dillc and curdled 

miJ.k samples. The LAL test was (X)mpleted by inoculating 

0.1 ~ of each dilution in the specially prepared narrow 
-

sugar tubes to Which 0.1 ml of lyophilized stcndarci 

E.toxate ® <!iry concentrate of Sigma Chemical. Saint Louis,. 

Missouri, USA, diluted With pyrogen free water as 

,I 
I 
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suggested by the manufacturer. was adde~. A positive 

control of' reference endotoXin was simUltaneously added 

with Limulus amoebo~lyeate. The tubes were recapped 
• 

and kept in a .water bath at 37·C for one hour. Totally 

25 stand~dized testa were performed limiting tQ five 

samples each, b!oaus9 of limited availabilitl' of: tl1e 

E.toxate ~ ~elat1on was recorded at the appropr$,ate 

highest dilution for Which the results were scored in 

modification of the manner suggested ~y Anon,(1973). 

Pos! ti ve resul ts I 

+++ • A solid gel formed at the end of one hour 

+t .. A soft gal formed at the end of one hoUl" 

+ • Only an inorease in ,,1soos1ty. NO gel 

formation after one hour. 

Negative res~ 1:3. 

In ·the absence of any of the above changes 

the results were recorded as neg~t1ve. 

With the same mdlk, aerial dilutions were made' ~pto 

106 "lith buffered d1lutJ.on t,later (PBS+Mgo12) (Richardson 

et al.# 1980) for plating out. to enwnerate 0011form count --
in violet red. bile agar (vaSA). Results were recorded as 

the number of coliforms par ml of milk. 
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(C) Results and Discussion 

The water for dilution tested in rabbits did not 

show any rise 1n temperature and hence considered as 

pyrogen free. The ability of ~he Limulus test to 

detect endotoxins of GNB by gelation, of varioUS samples 

of milk is presented 1n the table 24. 

Incidences of false negatives in the lower titres 

such as 101 and 102 were encountered while gelation was 

observed in higher titres. Likewise, stray false positive: 
I 

were also recorded in highest t!tres, while the corresponding 
" 

lower titres, showed negative reactions. 

The gelation With 'sOft gel formation in the lower 

titres with increase in viscosity in the subsequent 

titres are srown in the figure 12. The last tube had 

shown the absence of gel and viscosity. The endotoxin 

titre and the corresponding coliform density are also 

shown in the table 24. 

The present study indicated that LAL test was a 

speoific and, sensitive assay in the rapid detection of 

GNB in milk as was observed by Hartman.~ !!.(1976). 

'lhe endotoxin titre value for freshly drawn milk from 
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Pigw:'e 12 Limul a.oeboly.ate ••• t showing gelation 
(Froll right to' 1 it). In the first. t.lIIO 
tubes solid gelatin is observed. Prom the 
third to sixth t s soft gel a tion i. observed. 
'ftte .ev nth tube shows an increase in v1.cosit.7. 
The eighth t.ube sbows abaence of vi.cosity d 

hus 1 negative. 
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healthy udder was nil, which confirmed the non­

availability of the bacterial endotoxin in the freshly 

drawn milk. Likewise, the high titre value in the 

curdled ga.sy milk, indicated the presence of endotoxin 

which required, higher dilution to avoid gelation_ 

However the coliform count of diff erent samples of milk 

did not vary significantly in accordance with the titre 

value, as the endotoxin assayed might be from the other 

members of the enlarged GNB spectrum (Cousil'"ls, 1982). 

The inhibitory effect of the test in the lower dilution 

might probably due to the presence of inhibitors, as the 

chloroform extraction of inhibitors was not done for 

the sake of simplification to suit ordinary laboratorie. 

(Jay, 1977). However the inhibitory effect did not carry 

on beyond 102 dilution Within which no positive results 

were obt ained. As there was gel ation beyond 102 in aU 

these tests the inhibitors were probably diluted and hence 

it was not a matter of concern. The stray false positive 

results in higher dilutions, might indicate the possible 

presenoe of pyrogenio material (Jay .!l !!., 1979). 

The study revealed that fresh r <!III milk slDuld not 

have gelation at any dilution. A good quality raw milk, 

might have gelation upto 106-8 dilution, it pooled milk 

of inferior quality upto 101 0-12 dilution, and any gelation 

beyond 1013 might indicate the chances for curdling_ The 

endotoxin a:>ntent of pasteurized milk might represent the 
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endotoxin of non-viable heat killed cells as well as 

vi a.bl e cell s and hence no true pict ure coul d be arrived 

at. No atte.pt was made to report the actual concentration 

of endotoxin 1n a given sample as suggested by Anon (1973) 

and Hartman ~ !i. (1976). However future studies might 

be attEJ'ftpt ed to estimate the endotoXin content per ml of 

milk and correlate it with the titre value as was don. 

for meat samples (Jay .!1 ~., 19771 Jay and Margitic, 19 79, 

Jay at al., 1979). --
'the minimal presence of atleast 10· to 101 Qf8 was 

found essential for giving a positive result (Jay ~ ~., 

1977, Nachum and Shambrom, 1981), whereas the present 

study revealed ~elation even at 103 which was in accordance 

with the study of Reinhart et al.(1981) who on operating --
nebulizers observed sensitivity with 103 CPU per rol. This 

test might be more applicable at the dairy dock to the 

refrigerated raw milk held for a few days, during which 

the psychrotropbic and psychrophilic GNB might be 

dominating (Ayres !!5. &., 1980, COusins, 1982). 

With regard to merits of the LAL test, the endotoxin 

content of vial:ie and dead GNB could be estimated with 

relative easiness within •• l ••• an hour. The LAL test 



resul ts could be read Without previous knowledge of 

microbiological findings (Prier and Spagna, 1983). The 

demerits would be that high titre could be obtained even 

in the absence of viable cells, as the test indicated the 

endotoxin of total GN8 ~'esent, and not of the viable 

GNB alone. The routine dye reduction screening test, 

Which is indicative of total bacterial metabolic activity 

rather than GND alone would be comparatively cheaper, by 

hundred folds. As the dye reduction test might be routinely 

used to screen the known raw milk sources, unknown new 

.ources of raw chilled milk might be exanined by the LAL 

for the GNB consisting of mesophilic psychrotrophs and 

psychrophiles. Hence, though the LAL test was expensive, 

it 5(ill coul d be the best as observed by Reinhart ~ &. 

(1981). 

2. PRESUMPTIVE RAPID IDENTIFICATION OF COJ..IIFORM S. 

(API 20£ SYSTEM) 

CA) Introduction 

The Appareils et Procedes identification (API) based 

on the work of Bu.siere and Narden (1968) standardized 

miniaturized version of conventional procedures for the 

identification of Enterobacteriaceae and other Gra. 
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nega ti ve bacteria (ONS). It was a ready to use microtube 

system designed for the performance of 23 stand~d 

biochemioal tests from a single colony of bccteria. '!he 

members of Enterobacteriaceae had been presumptively 

identified with API 20E system (Anon, 1979). There had 

been positive correlation with this system to conventional 

system although there was disagreement with few members of 

Enterobacteriaceae (Smith at al., 1972, Hayek and WilliS" --
1976" Holmes et al., 1978, Fung and Cox, 1981, Griffith --
and Phillips" 1982). The variability among biochemical 

tests had been reported (Holmes at al.., 1978). 1be resul ta --
obtained might be compared with differential chart and API 

profile Register for identification of the bacteria. TO 

identify the bacteria quickly and precisely computer 

services were also utilized (Robertson and Maclowry, 1974, 

Anon, 1979). '!here were certain limitations like carryover 

of the substrate from microt\lbe to microtube, false positive 

or negative results and insufficient incubation period 

(Anon, 1979, MaaFaddin, 1980). However rapidity and 

easiness to perform made the test system advantageous 

(Fung and Cox, 1981). In this study the API 20E galleries 

were used for rapid identification of colifornta. The 

limitations and advantages are discussed. 
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(B) Materials and Methocla 

(1) Isolates studied. 

Six strains of four ~ecies of coliforms (!._a~ol __ 16 

!.aerogenes, !.cloacae and~.pneumon1ae) already 

identified by maaro methods (Edwards and Ewing, 1972) 

were used for this study. Citrobacter freundii was not 

taken up for this study as wide variability and dis-

agreements in the peraent~e of positive reactions were 

observed (EdWards and EWing, 1972, Anon, 1979, JUaakall, 

1980) • 

(1i) Proced~e of testing. 

The API 20E galleries were stored at 2 - S·C till 

its use. The preparation of the galleries, preparation 

of bacterial suspension and inoculation of the galleries 

were as per the methods suggested by Anon (1979). 

Simultaneously motility agar (D.1.£oo) w:lS also inoculated 

and the cultures were also streaked on MacConkey's agar. 

In all, the total test performed was 28 with the galleries 

of API 20E system inclusive of 24 for four species of 

organisms and four to check the reproducibility of the 

results. 
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(C) Results and Discussion 

After 18 hours of incubation at l7·C the reactions 

of the tests were recorded, wherever reagents were not 

required.O ni trophenyl - ~ _D galactosidase (ONPG), and 

glucose were positive in all the tests. On addition of 

reagents for tryptophane deaminase (TDA),indole and 

Voges Proska~r (VP) testa the results were recorded. 

The motility teat was recorded from the motility media. 

The results of !.~ and Klebsiella 2neumoniae were seen 

correlated with conventional tests. The correlation end 

variation with the conventional system of the !.aero~nes 

and E.cloacae are presented in table 25 and 26. -
The variable reaction of E.cloacae in citrate -

utilization and slight colour change in the inositol and 

sorbitol fermentation tests are shown in Figure 13. The 

!.aerogenes which showed vari~e reactions in ornithine 

decarboxylase are also shown in this figure 11. 

The variable reaction of l£.:eneumoniae in the urease 

reaction is compared in figure 14. An untypal::tle cont ctninant 

is shown in figure 15 along with organisms of figure 13 and 

14, in a comparison. The test 1n API 20E system were seen 

reproduc.able in the four species retested. 
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Pigue 15 API 208 .yet_ - a. comparaU.,. plcture 

i) 

ii) 

iii) 
iY) 

y) 

lSl eba1!11a pneUMOnia 

gebaiella eyeyeopia. With pod ti .. 
v .... aaUy tr 
BoS!£Obact aeroqen. 

Kb tezobacter cloaca. 
A contaminant ~ith nega i.e .ug 
r eaction. 



The API 201 system 1s easy to perform when compared 

to the conventional system, since the system was a ready 

to uae one, dispensing with preparation, sterilization 

and incubation of media before inoculation. The system 

was easy to store and handle. Thus lot of laboratory 

space and man power were saved, as observed by Fung and 

COx (19B1). 

The system however appeared to be difficUlt to 

identify the bacteria with the aid of differential chart 

provided by the manufacturer. The aogregate reactions 

of the strain had to be considered aa a whole to determine 
21 the identity. A possible combination of 2 or 2097152 

results could be possible as observed by Robertson and 

MacLowry (1974). Hence for an unfamiliar bacteria 

identification through this process, might give rise to 

problem without API index system viz. Apt Profile 

recognition system (PRS) and PRS computer services 

(Anon, 1979). These sophisticated services are not 

available as the system is yet to obtain popularity in 

this part of the world. The automation is yet to arri v. 

1n clinical and food bacteriology. However, for the 

familiar organisms, a competent microbiolo~ist can interpret 

the results using his Judgements, knowledge and other 

morphological characters. If necessary confirmative 



results like serology may be used before finally deciding 

on the identity of the bacterium (Anon, 1979j MacFaddin. 

1980). The diagnostio ld ts now avail able in the market 

are made for medical laboratory work and suitable 

nodifioation8 are required. to fit them in the food 

microbiology. The emerging food poisoning organisms like 

Yersinia enterocolitica, Vibrio parahaemolyticus and 

C8mpYlobacter Jejuni should also find a place in the mini 

kit that may be evolved for exclusi ve purposes of food 

microbiology (Fwld and Cox, 19791 Richard at al., 1981, 

Griffith and Phillips, 1982) 

But with the present k1 t system availabl e for 

Enterobacteriacae the 1dentiEication of the members of 

ooliforms was a simple process, with familiarity of 

reactions of these organ1.ma. The accuracy of the 

resul ts o£ the m1nitube system r arlged from 83.3l~ to 

100% in thi. study. Similar reports were made in the 

diagnostic bacteriology (Smith ~ ~., 19721 Hayek and 

W111is, 1976, R>lmes et ale I 1976) and 82% to 99% of --
accuracy with conventional systems were also observed 

in food bacteriology (Poelma ~ !l., 1977, Poelma et al.., --
1978, COx and Mercuri, 1978, Mercuri and COx, 19791 

Cox and Mercuri, 1979). The organisms examined were 

!.ooli, .!.cloacae, !.aerogenes and~. eneumoniae the 
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common members of the coliform group, in which the 

resul ts of API 20E system were correlated wi.th the .. 
conventional test results of EdWards and E.'wing (1972). 

'!'he diagreeements in this study with conventional system 

were with !. aerogenes and _!. cloacae where the percent age 

was 16.67% in both the cases. However, no disagreement 

with !.coli and ~.pneumoniae was observed as Similarly 
1-

reported by Hof!les ~ .2.!- (1982)~· The mean agreement w,tth 

the conventional system for these ooliforms was 91.66%. 

The results correlat.ed with the accuracy of 82% to 99% 

report Ed by other workers (Poelma et al., 1977, Poelma 
- . -----

~ ~_, 1978, Griffith and Phillips, 198~)_ 

In the indi vi dual tests, the vari ations were 

observed in citrate utilization and ornithine decarbo-

xylaae to the extent of 10.47% and 15.4CY.4 respectively. 

Similar results with citrate utilization# arginine 

dihydrolase* orn! thine decarboxYlase were also noticed 

by 1i:>lmes ~ !!.. (1978) and Blackall 0.980) _ The possible 

reasons coul d b9 tl'at the reactions recorded as delayed 

positive with macromethods generally were shown negative 

on the API ch~t, Since this chart. is bas~d on the 

results obtained in 18-24 hours of incubation. A rare 

phenomenon of dubious resul1;s were encountered wi.th 

inositQl and Borp.1toJ. fermentation of E.cloacae in this -
study. The explanation offered by the manufacturer for 
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this sort of reaction were reversion of reactions 

by the organism concernea (Anon, 1979). The other 

reasons, might also be the insuffioient incubation 

for the organisms to exhibit the reaction. 

HQwever these limitations of iaentification, 

variation in test recotions ana italse positive or 

negati ve resul ts wer~ emall and negligible constrao'lnts 

when more than 8;3% of the fam1~~ar members of coli forms, 

in mdlk and its environment were identified with ease, 

rapidity and With .1.im1 tea 1 aboratory facilities. 

Howevar any of the identification system, had to be 

followed .. wi.th se1;'010g1cal confirmation or by 

demonstration of atleaat oQe of the virulence attributes 0+ 

ETEC or other members of colifQrms. 

(p) summa!X 

The Gram nega ti ve bacteria (GNB) are enzyme producers 

Which may affect the quality of milk food. The GNB include 

mesophilic and psychrophilic bacteria. The LAL test was 

used as a rapid screening test to detect the endotoxin 

~evel produced by the GNB, which included psychrotrophic 

Qoliforms also. The results were obtained Within an hour 



223 

and refleoted the endoto~n of both viable and non 
I 

viable cells of GtB. The mean value of, total microbial. 

endotoxin titre for raw milk, chi~led pooled mdlk, 

pasteur~zed milk and curdled milk were 106 , 1010, 1010• 6 

>'and 1016•4 r~spectively. 

For preJ,iminary identification purposes a rapid 

min!tube identification system (API 20E) was used. The 

percent age of agreement between this test and conventional 

test results was accept able for assi<;Jllment of the familiar 

isolates to the species level. There were correlations 

upto 83.33%.10 Qases of ~.cloacae and !.aerOgene8 while the 

correlation was 1000" in _!.S2!! and Klebsiella pneumoniae. 

Ind! vidual tests like ornithine d.£carboxylase test and 

Simmon's citrate utilization reaotions were found to deviCite 

from oonventional system by 15.4% ~d 10.4~" respectively. 

The constraints with these two systems were non 

availability of indigenous Limulus amoebo:lysate and 

mini test strips and high cost of t mir import. These 

impediments could be warded qff for the easiness and 

rapidity in ·the test procedures. W'ith experience, t~ 

reading and interpretation of the results of m1nltube 

identification of fCimiliar colifo~ isolates OQuld be 

easier. 
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I 

COLIPORMS AND THEIR TOXIGENIC STRAINS IN DAIItY ENVIRONMDrI' 

a.cali 

!tl:l:l:I: It1 
C.fre i 

Pigure 1D D erator 1ncUcaa. n er of toxigenic 1801 au. 

Figure 1n denondnator indicate Dumber of total 1.01 •• 



ICO~OSITE PIC'rURE ON THE STUDIES OF COLl!FORMS OF RAW MILK 

AND THEIR TOXIGENIC POTENTIAL IN DAIRY ENVIRONMmT 

(.1) XntrodUotion 

Soc::1al attitudes have recently made a greater impact 

on food proteotion than ,earlier &lis and will continue to 

do 80. Ioorease in urban influx bring the change in the 

social. att"'t~, of the population. Thi'? urban population 

neoessari1y depend on supply of milk by organised datrJ.eS'. 

These organised dairtes enhance the prqaurement operation. 

year after year ~rom the remote vill ages of the milJc. she4$. 

The raw milk thus pr~Qut'ed reaches the consumer a~ter 

processing # a few (j.a~s 1 ster after the pZ'Ool1rement. This' 

period exposes the milk to microbial tluieats of spoilage 

off flavour, intoxioat.i.on8 and degradat.ion of the nutri t.A.onal 

quali ty. Q)nswner stU tudes remain very pos,1 t1 ve in, 

obtaining fresh milk if it is made available without 

adulteration. The non availability of fre$h mlk tn 

metropoliS brings about changing consumption· pattern of 

swi tohing over to processed milk which is evident in the 

last few years. 'lb. milk 1::Ic'>rne microbial threate are 

still unrecognised though infantile diarrhoea are popularly 
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attributed to feeding of peaked milk. This awareness 

towardS food safety and quality necessiates changes in 

food proteQtion act1 vi ty. 

'l'his study is broadly based on thj.s concept that. 

milk borne microbial threat.s are especi~ly 01: those ... " .. 

aoliforms which were hitherto CQnsidered as indicators 

of pathogens. An interE;st·lng feature of t.his old con09pt, 

was that tl1e So oaUed indicator organisms by themselves 

produoed heat stable enteroto~ns that coUld be carried 
tJf 

through all the stages of processing whereas the pat.h()gentJ 

themselves ~a destro~ed at pasteurization ~emperatQre 

(I<aplen !S ~., 1962). 

The . exposure of milk in tne farm environment to the 

contaminating sO\lX'ce~ like aLl'. water, unclean equipments 

personnel and cow itself are more When compared to closed 

pipeline ciJ:'cuits in the dairy plant. After contamination, 

the milk is exposed to c::onduc:i ve temperat ure of microbial 

multiplication at the farm, Whereas in the plant the milk 

after heat prooessing is ohilled. So the milk borne 

microbial thrj!j!ts at £~rm level are greater. 

The earlier reports on the study of dairy environmental 

sanitation were scanty. Available sttldies indicated that 

enterotoxigenic coliforlTlS were not commonly found in the 
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dairy farm environment (Ol~tz and Brudvig, 19Soa). 

However '. a gre ater unders t~nd1 ng and appreoi ation of the 

importance of bacter~olog:.i.cal quality Qf raw milk haC! 

developed in t.he last decade (Mabbit" 19.50a"b) Grant 

negative baoterial (ONS) threats were greatly 1m~1oated 

due to their enzyme produotion and enteroto-'4n pzoCiuct10n 

(COusin.£/,1982). The Q911fo;'ms are mesophiles and could 

also multiply in refrigerated condition (Foster ~ !!._; 

1958, Cousins, 1982). The fact9X's .. influenaing the 

bacteriolo~oa1 quality of raw ~lk had been well documented 

(PlucltJiocsJ' !1!!.. # 19BQt Gehr1ger; 1980, Mabbit, 19S0",,-,O-; 

Palmer, .1.980). Milk food. ba,tne out-breaks due to ! __ o_o_li_ 

causing diarrhoeal illness was an emerging problem from 

the late seventies (Mehlman at ai. , 1976, BaoK, 1980, 
, ----- . 

Mehlman and Romero f! 1982). This ecologioal atudy ha. 

att~mpted to identify the Qontaminating source$ of the 

enterotoxigen10 califorrns 1n the farm environment.; thai~ 

toxigenid potential" their ability to grow in milk and 

J:'elated study on t.oxigenio col.iform.{ F,·2 ... .,.e 17 ~hd '~J. 

2. ENVIRONMENTAL COLI FORMS 

Different farms were ohosen and grouped 1!lto A6 B' 

and C depending on t m c:omrnercial orientation and 

$anitary pr.actJ.ces. adopted. Environmental sampling were 



dollS_ (Table 1) at the farm as suggested lY,i Int.ernatj.onal 

Dairy Fed,eration (Mabbit# 1980a.b; Palmer* 1980). 

Insuffioiently cleaned aoa sanitized surfaces of the faxDl 

utensils were frequently founa to be the major souroe o£ 

co11forms in ex-farm milk as also reported by :«abb1t.. 

1980b_ C,:,able 5). Effective washing and oleaning with 

iodophor at 7S ppm p;,evented. this contaminat.lon. 'l'ha 

milking personnel an__d teat (e~erio'r) were other significant 

sources of contamination (Table 6).. Farm air and water werei . _ 

of lasser significance (Table 3 and 4). However, farm water' 

I 

W I 
had more peroent age toxigenic coliforms (13.16%) followed by!' 

the surfaces of the utensils rinsed with tbese water (8.99%) 

Tho other moho? had, comparatively lesa strains with 

tolCl.gan1c potential (Table 20). Sampling of milk lfSre also 

taken as raw, pooled and conm1ngled milk at various sources, 

'Which inoluded dairy Cook also. The colIform density which " 

.included E.ool1, Klebsiella" Enterobaoter and Citrobaater 
• I~~. - . __ '"' • 

species was identified and was found tb:1t the rapl'esentat1ont' 

of each member of the ooliform group varied trom group to 

group of the farms (Table 10). 

E.coli~dom1nated Wherever insanitary oondit!ona --
prevailed. !_Rneumoniaa dominated in the farms Whe~e 

sanitarJ( practices Were adopted. 'rhough d1trobaoter 

freundii hed the lowest distribution (10. '19%), the:y had 
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the highest number of strains (15.15%) with toxigenio 

potential (Table 11). ~rQbably the variations in the 

distribution of members of ooliforma were due due to 

the presence of each member of the coliform group in 

the dung of the cattle population and its disposal. 

3~ COLIFORM DENSI'lY IN RAW MlLK) 

A detailed study at th~ level of coliforms at 

various 8t~es of production and handling was also made. 

A total of 227 samples were tasted to asse~s 1;he COlifoJ:lD 

level (Table 2). The only guideline of abSence of aoliforms 

in the dilutions of 1:100 for grading of raw ~l~ supplies 

had been suggested in Indian Standards No.1479-Part' 111-

1977. When this standard was applied none of th9 pooled. 

milk samples and commingled milk samples complied to the 

satisfactory standards and the conformance level was ~er(:,. 

The raw fresh milk produced in the group C f arm only was 

found to comply with this standard. Sol as £ar as these 

standards are concerned, the applicatdlity might be remote 

as sim11arl)'.reported in other studies (Gahlot ~ .2!.# 1975, 

Singb and Ranganathan, 1978).. With the absence of milking 

machines and far.m refrigerated bulk storage tanks and 
this 

transport of raw milk in trOpical climate ~tandard wo~d be 
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too rigid and alm:lst impossible to a1:ta.t.n at the acceptance 

level. So~ realistic standards to Suit individual. reglono 

at various levels of raw milk handling had to be suggested 

by the national body. Xn this study With enfQrc~ent of 

economically 'possible hygienic milk production, the 
. . 

~esearcher did obtain 2S,000 coliforms per ml of miJ.k 'at 

t:he accept snce dairy dock while it lr.9S 1..70 million per ml 

from the uncontrolled milk shedS (Table 9). So the coliform 

count of 28,000 per m1 .may be explicitely imposed as an 
{J}' 

acceptable level. at the Qairy dock though. a desirea levf!l 

may be $et around 10,000 per ml. 'nle existing Indian 

S'tsndards No.1479-Part 111-1977 might be made applicablo 

for the indi vidual. raw fresh milk at the farm level. 

4. RAPID TESTS OF THE FUTo'RE • 

For identl~fication purposes a rapid minitube 

identification system ·(API 20E) was adopted (F.tg. 13. 14. 

15). A soreening test that was already available to 

detect the end9t5>~n level of Gram negative bacteria (GNa) 

in plasma, hospital equipments and urine was also used to 

detect the endotoxin due to Gram ~egative bacteria ~~ mdlk 



The te$t was based on gelling property of the 

l,ysate" of the amoeboqytes of Limulus pglxphemua in the 

presence of ertdotoxins of the Gram negative baQteri~ 

(Hartman .2!:. .!!.." 1976; Jay" 1977). 'I'hese two simple 

rapid systems might find a place in the dairy industry 

for the screening and identifying coliforms as they 

were acceptably correlatea with microbial'quality of 

milk and conventional systems of enumeration of QOllfOr~ 

and identification (Tables 24, 2S, 26)" These tests are 

easy to perform without involving much labour. However., 

the constraiiIfs are high cost due to ,1mport# lack of 

availa~i11ty of experienced wor~er to interpret these 

tests and certain drawbacks in the true reflection of 

t1)e microl;),tal quality of milk. Ofcours$ these impediments 

could be \i'arded off in the near future when their useful­

nel;ls and importance are made known. 

s. PEMONSTRAT.tON OF VIRULENCE ATTRIBUTES 

On identification of 306 c::olifoxm isolates, they 

were further proc~ssea fer identification of tox1g~c 

potential present in them, 'nla 1denti fica tien system 

of the tOxigenic !.co11 Were considered as an Heraullan t S 
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ta.X as many is:»lates were to be ex~ned eithelt bf 

bioassay or by other systems (Saok, 1981). To ease the 

tediouS process, screening tests identifying the presence 

of a:ihesin or pili wh!eh wae considered as associated witb 

the toxin attribute had been attanpted (Evans 2S .a.J.., 1975 

and EVans and Evans c7r. 1918, Glastra dnd Gra(fr, 1982). 

(A) DeteOtion of adhes1ns. 

In human enterotoxigentc ~.C!oli ant1genically 
·nr different two adhesive fact<::>rs termed as CFA/X and <:FA/II 

had been identified. The presence of thee's fimbr.1al antigen 

f;rould be identified by express;l.ng the manifestation of their 

a.dhesive properties. Haem~glutination was the first observed 

inMifestation (Duguid at at,,; 1955). - - . 

A haemagglutinating typing system had been proposed 

to identify the Ci/AiI or <:FA/IX (Evans .!!. al., 19711 

Evans Jr. ~ ,,!i. I 19(9). The presence of'this pili .tn 

~.ooli and probable presenc~ of suoh type of pili or 
adhesion factors in non-E.c()li coliforma were detected 

' .. -- , 

by UfJing MRHA of! human A an<1 bovine erytht"ooytes. All the 

3o, culture. were tested by this way and the MRHA pattern 

observed.' 'the MRHA of human A and/or bovine erythrQaytes 

were present in the ! . .52U. cmd also in non ... _!.coll coliform •• 



'!'he perQent~g~ of distribution t,qas near.J,.y a~milat: 1n some 

of the non~!,co11 oQliforms dOIl\Pa;ed to t.lle !.ool.i (Table 12) 

~t is suggested that there had been Some agglutinating 

faotors like that of E.ool! in the Klebsiella and other 
~ ..... -~ .,- - . ,."" . 

Qo11f~, The hypothesis Qf in~ergeneriQ transfer pf 

pl cam1ds, between related speaies rn1gh1; be co~re~ated with 

these f1nd1..ngs (Querrant ~ .,!!" 1976; t<;Lipsteiq and Engert, 

1977). 'type I fimbriae 'welie not present in aJ..l but two o~ 

the $8 MJiUiA posi t.1 VEl Klebsiell a, when ~ested for the.i.~ 

presence bl' t.'tSHA of guinea P.lg erythroCy1;ElIiS (Table 14) 

(Fader !S. ai., 19 79) • Future st~d¥ ma¥, probably reveal. tlle 

rela t10ns'N.,p If any between t.he! qFAa and type I pili of 

Kl ebsiella. 

TOtally 130 o\lltures were identified to possess the 

\ haemagglutinating aoU '\11ty for human and or bovine (CPA/I) 
\ C2. Y't lJI'y\) ''1 h6 . 
, and bov1neUilone (CPA/IX) (Table 12). These strains were 

serologl~~ly tested by slide agglutination test for CPA/I 

and CPA/XI with speoifio antisera.. Only two !.ooli isolates 

were found positive in this test (Table 13). None of the 

non-!.co11 ooliforms possessed any antigenic relationship 

wi th c:t1VJ. 

(J3) Det.ection ot; toxigenio E:!2tent.1ala 

The MRHA positive cultures (130) \Ere subjected to 

bioassay in rabbit ileal lOQP test for assay Viz. the 



other virulence attribute of the enterotox.igenia bacteria. 

The assay of labile toXin was not taken up s~nca the 

organism aapabl$ of producing the labile toxin and the 

labil e tOXin produced bl' them are heat 1 abll e at 

pasteurizat~on temperature or subsequent boiling of milk 

at home (Burgess.2:5..!!., 1978) i where as the stable to~n 

was found to withstand even. the 100·0 for 30 minutes 

(Klipate1.n and Engert. 1975, K.lipste1n and Engert; 1976a.b) 

This bioassay detected presence of 24 toXigenio organisms 

1n 'the oo11fa;nn group (Tab~e 15). There c:o~d be presenoe 
. . 

of undetectable level of toxin cueo. The rabbit model. 

responded to the enterotoxtn assay with an apprec:iabl. 

distention .0£ l.igated ileal loops (Fig. 2 and 3)e These 

toxigenic organisms const~tuted 18.46% of the total, MRHA 

positive strains snd 7.84 (Table 11) of the tot~ isolates. 

'lhese findings coincided with the study made by Sack ~ !!. 
(1977) in which S% of the E.ooll isolates ft'om the food 

. .... . 

produced enterotoxin'. However; the recent. ~epo~t of 

presenoe o~ less than 1" of E'l'EC amOng hospital environ­

mental isolates (Mehlman and RQmero; 1982) probabll' 

suggested the higher sensitivity of the bioassav model 

employed in this study. It i$ now pertinent that; ()ther 

Qoli£orms also produoed the enteroto~n8 as that of the 

. .!._Q_o;;;;;.li_ (Table 15). perhaps in the light of the st\lay 
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made by Glatz and Brudvig (19Saa) the isolation and 

identification of the toxigenic !.coli from Clair, 

environment reported. in thi.s studJf m.tgh~ be a first. 

report. 

Though the other aoliforms bed bgen attr1buteCl 

aD putative aausa~ive organisms in addition to ~.coI1 

in paediatric diarrhoea "( SadtudcUn 2S. &., 1981), th~" 

demonstration as toxigenic organ.f.sms in f arm environment 

had not been reported. $0 this ident1,ftaation of other 

toxigenic ct1l.1forms in the 1; ~n environment m:lght also 

probal>ly be the first <.t;eport, of .thi$ leind. The 24 ... 
enterotoxigenia aolifo~ were tested for serological 

identtf1 a ation· of the presence of CF~I' C9~II and K Sg 

With type specific sera by slida agglu:tination (Table 1S). 

All the co11forms other, than £_a011 were found to 

be negative to posaess related antigens of CIi'A/I and 

CPA/II. Out of the saven E.aoli, one was positive for --
aFA/I and anothe%: was positive for CFA/II. Among E.coli - . 

these t\tlO isolates were conOlus1"ely proved ito possess 

the t110 virulence attributes by inQireot fluorescent. 

antibody teohniqtlo and electron micrOSQopy (F.tO. ~ J~ Qnd. 10) • 

All the seven E.coli was also tested with ~ 99 Gpec1f1¢ _ ......... iiiiioiiOio 

sera and out of this, ono Which "'las serolog1Call¥ positive 



for CPA/II was also found to pos$ess K 99 pili. It 

indicated that a part! cular strain might be cble to 

produce more than one type of fimbriae or adhesin 

(Gaastra and Gtaaf_ 1982). The CFAs positive and 

enterotoxin poSitive isolates indicated the al()se 

plasmid borne association between the presence 0: 
CFAa and prodWltion of ST. Probably in other isolates 

there mal' be presence of unidentified new pili as 

~ E 8775 or other adhesin factors' (Levine !S !l... 1980 

Tho.a.o,~et al... 1982). Jl9wever.. the absence of 

colonization facto~or acihesins are not of much 

significance esJ these !.aoli are supposed, ~o be 

destroyed d~ing heat treatment and henc.~ unlikely to 

adhere in the human gut. So even the presenoe of bot1'1 

the virulence a1:tr~butes for colonization of tb3 ante~io~ 

part of the 1ntestine and then enterotoxin production are 

not essent~al in raw-milk. The presence of Single 

attribute of produc:lng potential. exterotoxin in any of 

the coli forms would be $ufeicient to preform the heat 

stable toxin before the heat d~$truct1on of these 

organisms (craviote .2S !!... 1982). 

(6) SEROTYPING OF E.OOLI --
The sero grouping of the seven .!.~ revealed 

that they belong to 0.11. Though this is not a classical. 

o group possessing CFAlI and CFA/II as reported by 
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Gamtra and Graaf (1982) the association of this sero 

group in diarrhoeal diseases of human and oal. ves had 

been reported from India and abroad (810gb and 

-RangaD2than 19741 '.f1ripathi and 80n.:l.. 1982, ~ehlman 

and Romerof 1982, J{wnar ~ !! .... 1982). 'l;'his aero. group 

was distributed 1n a farm environment in water .. personnel 
~_, • ___ ... _ ... _. ~~- • --_-__ --::--_ ... -........ ~- ;- __ "'w' - --..... ;---...."...------~--

and the teat of the animal and ultimately in milk. Other 
~----.........--- -- --------..,..-~-~--;-------- - ----~---~--

coliforms were aleo like wise distributed in ~r .. water .. 

utensils .. teat and milk (Table 19). '1'h1s indiQated the 

potential presence of toxigeniC coliforms in the dairy 

environment trlich mi~ht< subsequently get into the milk. 

The agglutination testing of ETEC with l{ 99 a~serum 

revealed presence of l{ 99 pili in one of the seven ETEC 

cultures. This isolate was made from the mt.}.k o:! a 

individual oow. The 0111 t:Jerogroup with K 99 was not 

1n the classical serogroup aJ.ready reported (Gaastra and 

Graaf.. 1982). Thus the extra intestinal source of K 99 

positive 0.11 ETEC is of signifioance. 

(7) DRUG RESISTANCE PATTERN OJ? TOX+ COLli'ORMS 

The ant±m1crobial. sensitivity pattern of entero .... 

toxigenic coli forms were significantly different from 

that of non-toxigenic Qoliforms iSQlateC1 (Tables 22. 23). 



· MUlUple drug resistance an~~~~ ampicillin, 

'tetraeyclineS~Qephalorid1nes were of significance. 

EvidenQe for plasmid borne oharaoters and associ ation 

of oharacters of drug resistance and enterotoxin 

production were strongly implicated. The study ind.1cated 

the possibility of inter species ~ trans£er of R factors 

and ent + plasmids and warranted further study 1n the l1ght 

of carAless use of antibiotics 1n the treatment and as 

feed supplement. 

<v, EN'l,'EROTOXIN PRODUCTION IN MILK 

The possibility of production of enterotoxin tn 

the laboratory substituting the toxin broth in milk 
~ 

was also studied,. 'The oonsti tuen ts Qf the milk would 

support the growth of toxigenio ooliforms, as the 

constituents in toxin broth (Lallier et al., 1960). 
, --

out of the four taxi genic cUltures tested, two could 

evidently produce toxins at de,tectable level in milk. 

,Probably, the other two would have also produced the 

toxin which oould have been elucidated .. had the oult\lX'e 
.. ~ .. 

suspension was <:Doeen'trated, thus throwing the light on 

possible production of the toxins by 7.84% of the 

califorrns, identified as toxi genic isolates in the m.1l~ 

during transport. The mdlk gets aerated and agitated 



at the antb1ent temperature quring transport. in the 

'Uneven vUlage milk routes. The ,time of exposure of 

raw milk to the ambient temperatrarSj pH 0;£. milk and 

subsequent ohilling to 4·C were also found Dear optimal 

to the ideal £aotors" conductve f~r the enterotoXin 

production and its stabil.1ty (LQvett.!.S. .!!., 1979, 

Lallier .~.!!., 1980). Even the antibacterial. system 

would not retard the. ,mUltiplication of coliforms if 

the initial level of contamination was heavy. Such a 

P¥$formed hWt 'stable toxin whioh could withstand 100·C 

for 30 minutes (Kl1pstein Cl'ld Engert, 1975, Klipste;'ln 

and 1:.'ugert, 1976a,b) might potentially be hazardous and 

the prod~tion of infantile diarrhoea might o~ when 

such milk. was fed to unexposed infants. The exposure 

of these infant:;$ to tbe preformed toXin was similar to 

travellers' diarrhoea among travell~s# from developed 

countries to the developing cOl.\Iltries (Sack, 1980, Sao~ 

1981 ). Infant mice al.so responded to the diarrhoeal 

score assay in three hours at 37· C when s1.101'1 toxin 

containing milk was orally fed (Fig. 16) and (Table 21). 

The infancy and the diarrhoea in three hours at tropical 

climate might very well correlate t.he exper~mental. mouse 

study wi tb the reality in the infantile diarrlDea after 

milk feed:l.ng. 



(9) BAcrERIOLOGICAL ANALYSIS OF MILK FOR ENTERO'IOXINS 

In the" examination of mlx, a simple estimation of 

quantitative bacterial load had been found to be verJ much 

insufficient. In this atuQ.y the presenoe of two virulence 

attributes had been established beyond doubt in atleast two 

1soJ.,ates. The presenQe of pili had been furthex- confirmed 

by indirect fl~orescent microscopy aqd electron microscopy 

Soj mere enumeJ:'aUon of the col.i'forms as .1 t had been 
tJ1 

prescribed would only roughly indicate the miik quality. 

As 7.84% of the coll£or.ms 1n milk were found to be 

potentially toxin producers, some other qual1 tative assay 

sho~d invariably be incorporated. In these oircumstances 

easy assay procedures should be evolved to detect the heat 

stable enterotoXin or the organ!am producing such toxins. 

The detec:tion of pili antigen eith9r by MRHA teat or 

serological tests could be very muCh erroneous as the 

,correlation between the main virulence attributes (1. e. ) 

toxin produc:tion and adhesin 1;aator (pil~) were found 

to be as smaller as two out of seven 1n !.. coli. ,Again 

suitable se~olog1cal teats or established fool proof 

haemagglut1nat1on test were absent at present as far as 

non E.coli coli forms are concerned. As the adhesins _ ........ ;;;;.;;;. 



attribute was not considered essential to produce toxin 

in milk. the identification of enterotoxin att;ibu't$s 

would be the only needed method in the non clinical and 

extra-intestinal isolates. 

In the present study it was found that J.t is ea.$y 

to detect the ent.erot:ox:ln level -by using rabbit ileal 

l.oop technique (RIL'l'). More than 10 sampl as could be 

tested in one animal and this animal lll)del was. lIl)re 

sui tabl e fKr STb assay. 'l'he milk sampl es may be concen­

trated to elicit detectable secretory response in the 

intestine of the rabbits. With an experienced worker, 

the laparotomy operations could be completed in 25 

minutes end the results cOuld be seen in another six 

hours after terminal anaesthesia. The interpretation 

of the results could be completed in fifteen mtnutes. 

A quantitative enumeration by plate count technique 

coupl ed wi th quali tat1 va assay of ST in t:'abbi t model 

would sUit the p1:elilent:, needs. As the antigenicit.y ot 

the stable toxins were also cw:rently assayed (Gianella 

~ ~., 1981.) and synthesis of stable toxin had been 

attempted (l<l.ipstein, 1983a,b), the serological. test 

might in due course replace the bioassay of ST as 1n 

labile toxin. In such oircumstances the Simple 



staphylococcal coagglut;tn1n t.est n49ht conveniently 

replace the bdoassay. 

In the farm side it was proved that compaign on 

olean milk production would bring down the total coliform 

level from nearly two million to 28,000 per ml a1; the 

dairy dock. 'l'he optimal chlorina t1 on of water t J,udioial 

use of iodine compounds in cle~ng and sanJ,tiza:t!on, 
~~ 

sani tary milking, handling and rapid ohilling are 

practicable possibility in clean milk produotion. In 

this study Yt had been observed that farm wate.~~sed - .. _- --- .. _ 
h1(Jhest peroentage of toxigenio isolates (Table 19). 'Ihe 

. -~ 
~-- . ------- . 

recent f.1ndt.ngs that the sub-lethal ohlorination might 

injure the toxi genic coliforrns had thrown a new light 

(ifallSh and Bissonnette; 1 983). So such a low 1 ev_'l 

presenoe of chlorine and possibly iodine might injure the 

coliforms and affect the tOxigenic potential though not 

totally Qe lethal to these organisms. 





An ecolOgical line study of COlifO~ item the 

od.gin in the dairY farm to t'he ;:ecent implication in 
<;()\).'~ '\ 

, t'he disxr'ho
eal 

dise"se in 'human - made. 'l'he ecolOgical 

nicb
es

\ in t'he daley farm environment" of t'hree dif£eJ:

ent 

","1' '\ ~ Tf" "r' '<' ,..rJ 

grouP" of farll1
s 

balled on t'heir sanitation level and 

commercial involvement ~ere identified and environmental 
./' 

samples "ere subjected t.o t.'he atudY· ~e coliform 

enumeration and identification ~re done as per st.anGard 

methodS.") \J7 

In t'he en'llironmsnt • \'dPiq 'Utensils) milkers l\llQd and - -~"--::-"-~ 

teat p4ayed an impOrtant. ~e as a major source of 
.,.__ , ,_::--._ ,__ __ __ c-- c- -' 

contamination. contaminat.iOns fran air and "ater "ere 

negligible. 1h
e 

distribUtion of ~rs of colifOrm group 

I 

"lteri
ed 

from grOUP to groUP of t'he farms· l)OIll1n
a
t:l.o

n 

o£ 

~.spl~ "as observed W'here"lter insanitary condition­

prevailed., ~.2ne~nia! dominated in the farmS Where 

sanitary practices "ere adOpted. The commerciallY oriente~ 
farms "ere unsatisfactoq in the sanitary etandaJ:d!l· 

:tn an overall picture ~.2!'eumonla,!!. dom1n
ated 

all tl\Il 

other members of coliform gxoups ill t'he farm nicl\es. . 
'l'he perce{ltag

e 
of distribution ,.. .. 3~· S4. foll

Olied 

bY 



!.coli (27.12); .,!.aerogenes (11.44)# !.cl08ca. 

C 11.11) and C. freund:l.i (10.79) ,_ -

In the 227 milk samples tested for coliform densi ty 

from three different farm souroes, and ~lk sbeds only 

the fresh milk had coliforJn3 less than 1 O/m};. '!'he a:1ded 

contamination and dynamio multiplication started right 

from the milk le~ down.. At the acceptance Cbck, the 

coliform density of cQ~ngled milk varied fxam a mean of 

28,OOO/ml to a mean of 1. '7.& million per ml depending on 

the saiFtatton practices prevailed at the milk sheds. 

None of the pco1eQ' or qOmmingled milk complied with 

Indian Standards No.1479-Part IlI-1977. As the conformance 

level. was absqlutely abse~t in these cases., there needed 

a rethinking on the highly rigid unrealistic stCi).Clards at 

acceptance level in tropioal countries. 

'The E. coli and other coliform isolates were screened 
, ~~ - , 

for the adhesion attributes of enteroto¥igenia organism.· 

by mannose resistant haemagglutinatj.on t.est (MRHA) of 

human A <md/or bovine erythrocytes. 

The MRHA posit1.ve ,!._c_o_li_ constituted 56.63% of the 

pasi tive group1 IS.J;?neumoniae formed the next with 47.93% 

followed by,£.freundii (33.33%), ~.aerogenes (22.86%) 



~d !.cloacae (17.65%). The MRHA pOsitive isola~es 

~ere serologically tested With CF~; and CF~II 

specifio sera by slide agglutination test. 1.c011 

strains prodUCing haemagglutination of human and/or 

~vine erythrocytes but lacking colonization factor 

antigen/I (CPA/X) or CPA/II were encountered in 45 

out. of .. 7 str aina. None of the non~E.coll coliforms - . 

were serOlogically positive with CPA/I and CPA/Ii sera 

The probability of the presenoe of cert~n fimbriae of 

different antigenic type was indicate4 with other non ... 
W 

_! • .22!! coli fo~s.# since aU were ant1genically 

heterogenous to CFA/Z or .CPA/It. Type I pili in 

Klebsiella could be demonstrated by mannose sensitive 
I . 

haema9glu~inat.ton (MSHA) of guinea pig erythrocyte", in 

tWQ out of se MRHA positlve isolates indicating that the 

MRHA of humall and/or bovine erythrocytes by this species 

was probably due to other factors. 
;. 

• 
All the MlUiA positive strains were inocUlated in 

the Cesamino acid yeast extraot ('CYE) broth to test 

their potentiality in enterotoxin production. ~ the 

bioassay \1s.1ng rabb.t~ ileal loop technique (RIL'l') 24 

isolates, out of 130 MRMA positive co~iforms (18.46%) 

were found to be potentially enterotox1genic. 

topped the percentage (45.45%) :follQwed by ~.oloacae 
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(33.33%), !S.pneumoniae (15.52%).# l.col! (14.89%) and 

!.aerogenes (12.S00.4).. Citrobaoter, freunQ11 though 

represent only lO.79% of the tot~ ooliform isolate. 

had more strains With tox1genlo poteni:1al. Out of the 

total. isol.ates. species Wise £.freundti had toJd..gen10 

strains of 15.15% followed by !.coli (8.43%). 

~.:eneumoniae (7.43%), !.cloaoae (5.88%) and 

!_aerggenes (2.96%). Among enterobacte~; ~_aloacae was 

found to be more pathogenic than !. aerogene~. ::tn the 

farm environment: water souroe had: more toxigenio 
. \JJ . 

col1forms (13.16%) followed by equtpments or ut_ensil$ . 

washed with suah water (8.93%). 

The toxigenic coliforma were once again tested 

with lower working dilution of (!FA/I; OFAlII specific 

antisera. One ETEC was positive with CF~I and another 

with CFA/I:t. 'l'he demonstration of CFA/I and· CFA/II in 

two ETEC isolates by agglutination test was confirmed 

by IFA'1' and. electron microscopy_ One of the ETEC with 

CPA/II was found to pos.ess K 99 pili by specific se~ 

agglutination test using K 99 specific $erum. The ETEC 

were serotyped. In thi s f1 va out o·f seven belonged to 

0.11 serogroup. This serogroup was found Qistributed 

in the enviropmental niChes of the f ~m and the m1J.lc. 
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The deacnsUation of both the virulence attributes 

in thE! !.col1. of 0.11 group in dairy environment. might 

probably ])a the first report in India. The demonstration 

of K 99 pili tn an ETEC of 0111 serogroup is also 

significant since the organism was isolated from the milk 

of the healthy cow. 'There could have been abundant 

chances for the organism to have its origin fran the 

milker's band or from ~be teat canal. The enterotoxigenio 

Citrobaoter, IO.ebS1ella~Enterobacter spedes fran the 

dai~ fa~ environment ware also reported now tPough 
'OF 

their pathogenlc:i ty had al~a.dr been demonstrated in 

infantile di~rhoea. 

In an e~rimental study the enterotoxin could be 

pxod uded in milk by inoculating four proven tox1 ~nic 

isolates. '.tWo organisms could produce deteQtal>le level 

of ent:erot:oxin by stationary culture method. This result 

Qould conc::ei vably expl ain the probable produation of 

enterotoxin in milk handled in low vol'lUlle per volume 

of cans durillo transpo;'t and hold ups. In that case 

the d.i,.arrhoeal syndrome 1n infants after :feeding such 

milk requires further s~udy to attribute this reaeon. 

'lbese toxins produced in milk could elioi t disJ;'rhoeal 

response in young mice. 



The drug resistance pattern of toxigenic: coliforma 

revealed that this group was signific:antJ.y different from 

non-toxigenic c:ol1foJ!'ms. 'lhe hypothesis of genes Whiah 

code for antibiotic: resistance and enterotoxin production 

are frequently transferred together was confi~d in thi. 

study. This type of study which was hi theJ:;'to J.imi ted to 

! __ c_ol._l_ alone was extended to other menbers of coli forms 

in this study. The toxigenic 001 1 forms were significantly 

r~slstant to ~ic11lin, tetraoyc:11ne and oephaloridine. 

MUltiple ~g resistanc~ pattern was also observed in 

toxigenic eoliforms. 

A simpl e soreening test for endotoxl n of Gram 

negatl va bacteria (<mB) was applied. '!'he test called 

L!mulus amoebQly.aate teat ~ was sensitive enough to 

detect presence of endotoxirts in raw milk, pooled milk and 

pasteurized milk. Col.tfOntf density as low as 1600 per 

ml was deteoted by this test though the minimum number 

was variable in other reports_ The other Gram negative 

bacterial load of the milk could not be estimated. In 

the pasteurized mi~k1preaenoe of Yla~a and non-v~able 

GNB tilted, -the correlation of viable colifoxms and 

endotoxin content. Whe limitations and advantages of 

this test were discussed. 
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-.rhe rapid min1k.t t identification system (API 20E~ 

was applied t;or the identification of d.1ffel:'ent speq,1es 

of coliform group. With a limited study it was concluded. 

that· atleast 83 •. 33% of the results of AP~ 20E system, 

Qorrelated With conventional. system. Certain. disagreements 

with ornithine dec8J;boxylase and o11::rate utili~ation tests 

were encountered. -This system could Pa ~tilized by the 

microbiologists as ~:t. 1 s tapid, ea$y to perform wi trout 
~,-

much 1 abo~ forde involved. 

It 'fls clear from ~he attempted ecolog.ic~ study of 

coll form§J that the presen:::e of the~ife o_rgall1sms in m11~ ( ! 

should not be taken only as indicator/index organisms ./ 

for pathogens.. Apart from the quanti tati ve study, thei" 
j 

toxig~n1c potential sb::>ulcl also be identified, .tn s1~e 

assay methods like rabbit ileal loop teohnique. In suoh 

cases.,; the cases. whioh we~e hitherto considered as 

"etiology unknOtfll" may get theJllselves identified as a 

known .cause. 

, I 
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