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CHAPTER I

PLAN OF STUDY

A greater understanding and appreciation of the
bacteriological quality of dairy foods had developed in the
last decade particularly in relation to product quality |
(Mabbit, 1980a) as well as its potential food-borne health
hazard (Busta, 1979y Richard et al., 1981). The ideal aim in
producing high quality milk is that it should be produced in
an aesthetlc environment using sultable sanitary practices
permitting only minimal bacterial contamination of the milk

(Palmer, }980). The implementation of quality milk production
programmg requires not only routine laboratory assessment of
milk quality but also periocdic farm inspection for enforcement
of milk hygiene during production (Hartley et al., 1968;
Hartley et al., 1969). Any evaluation of microblological
problems related to dajiry foods must include problems related
to the metabolic process of microorganisms. The typical types
of food poi;oning 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 spread collection of
unchilled raw milk in tropical climate from small farms where
insanitary practices exist had brought in bacteriologlical



problems at these milk sheds and in the dairy industry

as a whole.

The bacteriological problems in dairy industry could
be classified as those associatéd with product quality
- deterioration, spoilage and public health and nutrition
concerns of dairy products (Richter, 1981). Though all
these problems existed with increased use of milk and milk
products as whblesome food in our country with steppéd up
“Operation £lood" programmes they had become the primary
concern for a veterinary microbioclogist to concentrate on

food-borne illness,

Though the presence of coliforms in milk and milk
products was considered hitherto as indicator organisms
of faecal pollution and insanitary practices, the occurrence
of diarrhoeal illness due to coliforms had opened up a newer
thinking with regard to the significance of coliforms (Goel
et al., 1971p Ranganathan, 1973y Marrier et al., 1973
Singh and Ranganathan, 1974 Misra and Rao, 19757 Mehlmen
et al., 1976y Indian Standards Specification No. 1479 = 1977
Twedt and Boutin, 1979; Glatz and Brudvig, 1980a,b, and

Batish et al., 198la,b).

Milk borne infections, intoxications and toxi-infections

due to organisms such as Staphylococcus, Bacillus cereus,




Yersinia enterotolitica, Campylobacter fetus spp:; jejuni

Escherichia coli, Clostridium and Aspergillus had gained an

’

increasing attention in recent years (Batish et al., 1981a,b,
Richard et al., 1981y Todd, 1978). New directions in
research on enteropathogenic E.colil and other such organisms
had been internationally discussed and pfoposed for the
‘decade of 1980's (Busta, 19795 Richter, 1981; Kornacki and
Marth, 1982b, Winslow, 1982y and Kraft, 1982).

Apart f£rom being incriminated-recentlyaas public health
hazard, the E.coli being a lactose fermentér producing lactic
acid and other products like indole, ethanol, acetic acid
succinic acid, carbon dioxide and hydrogen (Foster et 2al.,
1958) has got a major role to play in milk and milk product

spoilage.

Further the other coliforms like Enterobacter aerogenes

Enterobacter cloacae} Klebsiella pneumoniae and Citrobacter

freundii also produce lactic acid, gassy defects, and off
flavour (Foster et al., 1958y Mikolajcik, 1979). Although
these bacteria could ferment lactose to acid and gas at 37°C,
research had indicated that psychrotrophic coliforms could
also contribute to proteolytic spoilage of refrigerated milk
The coliforms constituted 5 to 33% of the psychrotrophic

counts.(ccusins, 1982). Species of Enterobacter and

!



Klebsiella are the members of the family Entercbacteriaceae

most frequently isolated from refrigerated raw milk (Thomas,
1958; Jayasankar et al., 1966)

So a greater understanding and appreciation of sources
©of potentially hazardous coliforms in the farm environment,
level of them at various stages of raw milk handling, would
facil;taté not only clean milk production but alsc check
di arrhoeal illness, due-to toxigenic E.coli, Kliebsiella

Enterobacter and Citrobacter sp. While research effort

to date had been primarily concerned only with enterotoxin
production by E.coli isolated from milk and milk products,
they had not advanced to the potentially toxigenic other

members of coliform group like Klebsiella pneumoniae,

Enterobacter aerogenes, Enterobacter cloacae and

Citrobacter freundii. There is dearth of information of

enterotoxigenic coliforms from dairy farm environment.

Hence a detailed study on the presence of coliform
group f£from the healthy udder, the surface of the teat of
a healthy cow, milking environment and its total level
in the commingled milk was envisaged and their significance

in the dairy sectors of Tamil Nadu are discussed. An

attempt was also made to deteqt the toxigenic coliforms £rom

E.coli, Klebsiella, Enterobacter and Citrobacter sp. isolated



from the farm environment. The production of heat stable
enterotoxin by enterotoxigenic coliforms in laboratory
condition was analysed and the possibility of its production

and implications in field condition was discussed.

In an applied aspect, a rapid reliable screening test
to assess the Gram negative bacterial load of milk and to
develop rapid methods to identify the isolates preliminarily
before the release for processing and sale of milk and milk
products were made by empibying‘Limulus amoebolysate test
for Gram negative endotoxin estimation and diagnostic
microtube kit systems for the identification of coldforms

in the dairy industrye.

The entire study could conceivably provide insights
in the applicability of present specification on the coliform
quality and quantity of raw milk in the tropical climate of
our country especially in the Anand pattern of milk collection

suggesting ways and means of control in a cursory manner,
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CHAPTER IX

REVIEW OF LITERATURE

1. Factors Affecting Bacteriological Quality of Raw Milk

The purpose of clean milk production with good
bacteriological quality &8 to ensure that the product
when delivered remains fresh under domestic conditions of
storage as: long as it ¢an and also be safe to the consumers.
Clean milk: is achieved by the application of general hygienic
principles to the production,; processing and the distribution
of milk: The term “"Safe milk" implies that the milk is free
from pathogenic organisms. This is achieved in part by .
@leanliness, in part by heat treatment and in part by
eradication of bovine disease {Mc@oy., 1966).

The epidemics of infantile diarrhoea, summer diarrhoea
etc, had besen brought down in England due to improvement in
the cleanliness of the milk supply, modern packaging of the
£luid milk, substitution of heated milk for infant feeéing
and £ly control {(McCoy, 1966). Henge the initial bacterio-'-
logical quality of fresh raw milk has a marked 1n£1uence
on the keeping quality of raw milk and on the quality of
products made from it (Gehriger, 1980).



It had been emphasized that in order to obtain ex-farm
bulk milk of high bacteriological quality with total desirable
bacterial load of 10,000 per ml, considerable care is needed
4in its production (Msbbit, 1980a). A critical survey on the
sources of contamination of bacteria in milk in farms,

where refrigerated storage is not available 1s presented.

(A) Environmental factors influencing the quality of
individual and pooled milk at farms:

(1) Parm air:s

The microbial £lora of air, its ecology and analysis
were extensively studied by Verstrete and Votes (1974): Air
would be highly contaminated with many types of viruses,
bacteria and fungi either f£ree in the air or bound to dust
particles (Verstrete and Votes, 1974):; Bacterial contamination
of ipndoor air of dalry cattle sheds, the technological\faotofs
and their influence on quantitative bacterisl contamination '
were studied (Beer et al., 1976). The percentage of coliform.
count at the mobile house for feeding cows and at milking
stakl were estimated to be at 2.5% and 5.6% respectively, of
the total midrobial count (Fiser and Svitavsky, 1975).

In a survey of air borne bacteria in typical milkihg
premises in U.K:, it was found that the air borne

cont amination during milking was no worse in the modern



integrated unit than in the cowshed (Benham and Egdell,
1970). Mean microbial count per litre of air throughout
,the entire year was 39 for the early and 35 for the later
part of the year. 1In isolated and free standing milking
parlours, air borne bacterial levels were marked by lower
counts (17 per litre of air). The aerial contamination in
all types of milking premises when the cows were out at
grass was only one quarter of the contamination during the

period when the cows were housed,

The bacterial levels in air of cow sheds were reported
as 6«45 per litre. The distribution percentage of
microorganisms was Gram positive cocci, 50-707 Gram positive
rods, 10-407 Gram negative rods, 2.8y aerobic gspore formers,
7«97 and moulds 4~10 (Becer and Melhom, 1974). At milking time
in a fairly clean barn 1 x 103 tol x 104 psychrotrophs per
square feet of exposed surface were collected during 10

1

minutes exposure (Thomas, 1958).

The specific types of bacteria contaminating the milk
£rom the air may be of some importance. For instance,
aerobic spore formers such as Bacillgs_gereus causes
"bitty cream" in pasteurized milk and anaerobic spore
formers such as Clostridia could cause spoilage of Swisg
type of cheese (Palmer, 1980). 1In a atudy of chemotypes and

antibiotypes of coliform bacteria isolated in a Normandy



J

dairy farm with calf septicaemia, E.coli constituted 80%
of the isolates with Cltrobacter (8%), Kiebsiella (4%)
and Enterobacter (6-9%) (Jacquet and Chiki, 1977): Whilo

concluding a study on the contrxol of environmental hygiene,
the cowsheds were found to have standarg bacterial counts
of 5333/cfu/M’; coliforms 191/cfu/M’s yeasts 645/cfu/M
and moulds S;Q/bfu/ﬁ? (Rondinini, 1982).

The aerosolized microorganiéms were moasured by
fallout, exposing approériate media for five minutes, 10
minutes.gnd¢15 minutes (Anon, 1972y Cruickshank st al.,
1975y Harrigan and McCance 1976). Anderson samplers
connected to a portable f£ield vaccum source aspirates
required quantity of air per minute (28.3 litres or 1 C.ft
per minute) and impinges the collected organisms on a
nutrient medium placed on the petridish (Adams and Spendlove,
1970). Casitone agar was used for collection and growth of
general microbes: Endoagar and eosine methyléne blue agar
were used for selective growth of coliform organism (Adams

and Spendlove, 1970).

If the test was conducted during day light hours, solar
radiation had a deleterious effect. Overcast skies could
be expected to reduce somewhat the effect of solar radiation.
High wind velocity, high relative humidity, darkness and low

temperatures, would be expected to give the greatest



recoveries or fallout. Relative humidityq thunderstorm
were known to have a pronounced effect on the survival of

air bone E.coli (Adams and Spendlove, 1970). .

Standards with regard to levels of air infection are

" available. The number of organisms per C.ft, per minute
should not exceed one,for satisfactory atmosphere (ICAR,
1972). Normal settling of 4.5 to 50 bacteria carrying
particles per 15 m;ggtéa exposure had also baen proposed
for dairy ;ndnst:g‘h§ American Public Health Association
(Anon,. 1972), Levels of air infection in temperate climate,
for various places like hospitals, factories offices etg.

had been reported (Cruickshank et al., 1975).

(ii) Farm Wateri

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 L was for drinking purposes and the balance was

for washing (Koallick and Holke, 1980).

Unless properly protected, farm water supplies might
be cont aminated at source with a wide wariety of microorganisms
including coliforms, psychrotrophic pseudomonas which are indeed
‘human pathogens. Contaminated water might hot be a major

source of bacterial contamination in milk unless such water



was added directly into milk. Lactose fermenting and milk
spoiling organisms had been isolated from farm water supplies
'(Palmer. 1980): The use 6f such water supply for udder ,
washing and for rinsing of.cleaned egquipnment could cause . '
contamination of milk. Furthermore when milk residues remained
on dairy equipment, residual bacteria including those from the
water would grow and cause contamination, when the equipment

was next used (Cuthbert, 1960). Many of the strongly lipolyticl
and caseolytic psychrottophs found in milk had their origin

from the water supply (Thomas, 1958),

The psychrotrophic count of water ranged f£rom less than
10 to more than 1,000,000 per mly with a median of 10 to 560
per Ml (Morse et al., 1968). A good quality water supply
should have a low colony count with no faecal organisms and
should possess & satisfactory field report. Presumptive »
cold count of less than 50 per 100 mlr Of water and E.goli °
absent per 100 mls» were recommended as bacteriological -

standards of farm water (Palmer, 1980).
{(144) Farm equipments and utensils:

It had been generally observed that micrococci,
corynebacteria and occasionally streptococel form the
dominant flora in low count equipment rinses and that

streptococeil and Gram negative rods were rrominent in high



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

Gram negative rods dominated even in low count tank rinses

" forming upto 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 appreciable proportion of the microflora of
some utensils (Palmer, 1980). Equipment used for carrying,
dispensing or holding foods should bear less than 10 coliform
bacteria per 100 sq.cm. Absence of coliform bacteria in

100 sqg.cm. had been suggested as a satisfactory standard for

coliforms (Harrigan and McCance, 1976).

The milking and milk storage equipments are freﬁuent;y
the main sources of baéteria in farm milk supplies. It had
also been well established that where an effective cleaning
and sterilising routine was being carried out correctly, the
bacterial contaminatton from the equipment was quite low
(less than 1000 bacteria per m{ of milk). However, major
bacterial contamination of milk occurred from the f£arm
equipments and due to a number of factors such as poorly :
designed equipment and £allure to carryout cleaning
instructions as directed or misinterpretation of 1nstruction§
due to complexity or other reasons (Palmer, 1980p Gehriger,

1980 and Fluckiger et al., 1880)



(iv) Personnels

Microbial contamination of the milk by the milker
might occur in several ways but mainly through contact of
the washed teats with unclean hands and poor milking
technique (Palmer, 1980). It was found fhat‘hOSpital
staphylococei could be transferred to the milk via
patients discharged from hospital who had contact with
farm animals (Mbelle& et al., 1963), Pathogenic Klebsiella
had baen found to survivé longer than the non-pathogenic
Klebsiella in the finger tips (Cookeet al., 198l). 1In a
atudy of sources of milk contamination of farms it was
found that milkers® hands rinsed in 200 mi of sterile milk
added as much as 260 x 10% bacteria to the milk {Smythe,
1980). Examples of poor milking techniques giving rise
to microbial contamination included moistening the hands
- with the first drops of milk and touching milk contact
surfaces such as the inside of milk sStorage containers

and milking buckets (Palmer, 1980).

(v) Udder and teats:

(a) The apparently healthy mammary gland:

If milk 18 removed from the healthy gland or

teats by aseptic puncture of the wall or by surgically



implanted: catheter systems sterile samples can bz
obtained (Tolle, 1980). Even with machine milking,
samples of milk with very low numbexs of bacteria
could be obtained from healthy udders, if precautiong
were taken to avoid contaminants. It had been observed
that the mean numbers were 138 ciu/ml.from non=selected
animals and 46 cfu/ml £rom selected animals consisting
of fficrococcus sp. and Corynebacterium bovis (Kleter,
1974).

In practice, however, the teat canal 1s popul ated
by micrcérganisms varying greatly in numbers and types.
Besides coagulase~negative staphylocel and
Corynebacterium bovis there are aesculine-splitting
streptococci including Streptococcus upgr;s,‘Staghxlo-

coccus aureus, Bacillus sp. and Proteus sp.(Cullen and

Hebert, 1967). The resulting primary contamination of

milk might amount to 10° cfu/ml in 41%, between 10°

109 cfu/ml in 35%, between 103 and 104 cEu/ml in 23%

and lda‘cfu/ml in one percent of quarter milk samples

and

(Tolle, 1980), The rarity of reports in cases of sub=-
clinical mastitis due to coliforms could be assessed by
the fact that no ooliforms could be isolated in nearly
500 milk samples tested from apparently healthy
quarters in a study made in Natiohal Dairy Research

Institute, Bangalore (Rao and Nambudripadi, 1978)



(b) Species of the bacterias

It had been shown that Staphylococcus aureus
multiplies on the gkin of teat and udder, and was
conslidered to be a true resident of the surface of
the udder: It was, however, very difficult to distinguish
the resident bacterial flora from the transient ones,
originating from bedding, faeces and soil. While the
microflora inside the udder was almost exclusivély
mesophilic, the flora on the surface also included
psychrotrophicbacteria, thermoduric bacteria and anaerobic
sporeforming species (Josrgensen, 1980), From unwashed
udders, the major group of bacteria ldentified were
staphylococci, Corynebacterium bovis and coliforms
(Cullen and Hebert, 1967): The sources of coliforms and .
coagulase negative staphylococci were espéclally pronouncéd

i

at the teat apex (Schonberg, 1951).

(c) Factors influencing bacterial flora of the teats

The influence of grazing, cow housing and bedding,
effeat of udder washing, type of disinfectant used for
udder washing and methods for minimizing contamination
from teat and udder had been comprehensively reviewed
(Joergensen, 1980). The saw dust bedding had been a

major source of coliform contanination of teat ends



followed by wood shavings and straw. Among the

coliforms the geometric mean of Klebsiella was 11,

respectively. With fresh bedding the total coliform

and Klebsiella counts of teat ends were significantly

reduced (Rendos, 1975). E.coli was isolated at 28%
level from the buffalo udders using swabs in dextrosae
infusion broth (Awan and Barya, 1972).

(4d) Teat dipping and drying:

Teat dipping with iodine and non-iodine preparation
before and after the milking and drying could improve tho
milk quality and also reduce the mastitis problem (Hansen,
1973y Bigalke; 1978y Hemken et al., 1981y Hubble and
Mein, 1981y and Sheldrake and Hoare, 1982).

To 'ensure that milk 18 of high bacteriological
quality,udder surface need to be dry and teat surfaces

clean and dry (Golton gt al., 1982)

(B) Factors influencing the commingled milk quality:

(1) Importance of raw milk qualitys

The commercial pressures within the dairy

industry are tending to extend the time between milk



productiop and processing. If a conseguential deterioration
in product quality is to be avoided, the milk ex-farm must
be of high bacteriological quality (Mabbit, 1980b).

According to International Dairy Federation monograph
on the bacteriological quality of pooled bulk milk acd total
viable gount of exe-farm milk produced under good hygienic
conditions should not exceed 10,000 bacteria per mG. In
order to achieve this guality, it 1s important to xecognize
the sources of contamination 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
Mabbit, 1980b).

(14) Seasonal trends:

The warmer months each year would be highlighted by
a reduction in the percentage of samples of class I of high
bacterial quality with an increase in eamples placed in
Class II of low bacterial quality and undergrade (Lagrange,

1979).
(1i1) Times

An important enemy of milk quality would be time.

The mesophilic or ps ydhrotrophic bacteria, will continue



to metabolize, reproduce and increase in number at ambient
temperature and refrigerated temperature. Even in
refrigerated milk, a bacterial count of 500,000 per mb
could be one million per mL the next day (Lagrange, 1979
and Gehriger, 1980).

(iv) Temperatures

Another major influence on raw milk quality and one
that might be frequently abused would be temperature.
Unless milk had been held at temperatures below 5°C milk
quality was in jeopardy (Swartling, 1967y Lagrange, 1979

(v) Storage and handling:

Fatlure to clean and sanitize the milk storage
tanks at chilling centre or dairy plant during £lush
season would add to the quality problems. New milk
would be mixed with the 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 per mb (Morse et al., 1968 and

Lagrange, 1979).

/’/i ea“i

r‘/‘v

ATY c«’ﬁé\\




(C) Antibagter.tal system in milks

The lactoperéxidas‘e system is a naturally occurring
inhibitory system in raw milk that could reduce the
bacterial content in milk (Bjorck et al., 1975y Bjorck,
1978). The lactoperoxidase, thiocyanate and hydrogen
peroxide inhibited lactic streptocoecci and Gram negative
rods especially pseudomonads (Bjorck et al., 1978). The
lactoperoxidase was present in bovine milk but thi;ocyanate
content depended upon on the feed consumed by the cow
(Bjorck, 1978). The amtibacterial effect depended on the
amount o;‘. thiocyanate present a_nc:l the temperature. When
the thiocyanate in milk had been dspleted, the bacteria
could start to multiply usually within 4 hours at 30°C and
72 hours at 5°C. This antibagterial component was heat
lablle at 60°C for 15 minutes and not present in

pasteurized milk (Bjorck et al., 1975 and Bjorck, 1978)

Certain lactic acid bacteria like Leuconostog cremoris

and Lactobacillug 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 ,
could not be depended upon to prevent or even to retard

significantly the development of mixed populations of



microorganisms in raw milk (Foater et al., 1958

and Ayres gt al., 1980)

{D) Bacteriological Standardat

The coliform organisms kecause of thelr prevalence
in nature are practically always present in raw milk
(Barber; 1962). The Scotland standards regulate that
the ®"premium milk"™ must contain no coliform bacterxia in
0,01 ml and standard milk must not contain coliform
bacteria in 0.001 m} (Crulckshank et al., 1975). Guidew
lines for grading of raw milk based on the coliform
content and standard plate count had been suggested by
Indian Standards Institution (Indian Standards No.1479 =
Part III - 1977). The guidelines suggested, that the
satisfactory level would be the absence of coliforms
in 0.01 ml of raw milk. There are no existing legal
standards for coliforms in raw milk in Prevention of
Food Adulteration Act, 1954 and in Prevention of Food

Adulteration Rulesg, 1979.
(1) Achieved levelss

In a wids survey conducted in the Hissar City, the
presumptive coliform count varied f£rom 6,400 to 46,200
per ml and did not conform at 100% level to the Indian
&tandards No.1479 - Part III - 1962 (Gahlot st al.., 1975).



In a study at National Dairy Research Institute, Karnal,
the coliform count was found to vary from 500 « 50,000/ml
in buffalo milk and 50,000 - 1.96 million/ml for cow milk.
The samples were collected in the farm as well as f£rom
nearby villages (Singh and Ranganathan, 1978). In an
organized dairy sector the raw milk samples collected at
reception dock indicated coliforms to vary from S00/ml to
25000/ml (Misra and Sinha, 1978). In & study in tropical
climate at Mauritius; the coliforms ranged from 1390 to
2670/ml (Rangasamy, 1980). In temperata climate,; ths |
coliform titre were found to range from 100000 to

10 million/ml of raw milk, contamination being higher in

summey months (Kaloyanov and Gogov, 1977).
. o

(11) Improvement opportunities for Bacteriological standards
Since raw milk quality aid have a significant
influence on the quality of all dairy products, efforts -
might need to be continued to improve milk quality not only
on the farm but also in the processing plant. Quality
agsgurance programmes should include careful evaluation of
initial numbers of bacteria in individual farm milk samples
coupled wiggistudies of the time and temperature profile
of milk fram the farm to the processing vat. Teséing milk
for bacterial numbers at critical points in the chain from
farm to plant would reveal links where opportunity -existed

for improvement (Lagrange, 1979).



2, Cbliformsrin raw Milk

The large group called the Enterobacteria contains
various genera of small Gram negative non aporing rods
which ferment dextrose producing acid or acid and gas and
are oxidase negative (Collins and Lyne, 1970}, The family
received its name because most genera are commensals or
parasites in the animal or human intestine. For laboratory
purposes- it would.bé’convenient to divide the Enterobacteria-
into two: groups according to the fermentation of lactosa,
This was an historical division £rom the time when
bacteriology was almost exclusively a medical scienceé and
the lactose fermenters were considered to include mostly
saprophytic and commensal organioms while the non-lactose
fermenters included the pathogens (Collins and Lyne, 1970:
and Edwards and Ewing, 1972).

The lactose fermenters produce acid and gas rapidly

from the sugar lactcse. The genera Escherichia,

Klebsie@La)Citrobacter and Enterobacter are collectively -

known as coliform bacilli (Harrigan and McCance, 1976). ;

The non-lactose fermenters fail to ferment the sugar

lactose at all or ferment it late or irregularly. Included

in this group primarily are the genera, salmonella, some

membera of Arizona , Shigella, Edwards%ella, few Citrobacter




Proteus, Serratia, Providencia and plesiomonag (Collins

and Lyne, 19703 Edwards and Ewing, 19723 and Cruickshank
et al., 1975).

The coliforms which are lactose fermenters would be
completely undesirable in milk and its products (Foster

et al., 1958y Ayres et al., 1980; and Cousins, 1982).

3

(a) agcteriolcgz of Coliformst

The name 'coliform' was derived f£rom the Latin word
‘Colon' meaning large intestine, with reference to the

common occurrence there. Among them, Escherichia coli

is the chief member of the group (Foster et al., 1958)

The other members include Entercbacter aerogenes,

E.closcae, Klebsiella pneumoniae and Citrobacter freundii

(Edwards! and Ewing, 19727 and Buchanan et al., 1974).

The coliform bacteria can grow in the presence of
bile salts or other equivalent selective agents and
produce acid and gas from lactose at 35°C or 37°C. This

group bélongs to family Enterobacteriaceae, the members

of which grow in the presence of bile salts and produce
acid from glucose as determined by the use of violet red
bile glucose agar (VRBA). They a&e Gram negative rods,
motile with peritrichous flagella or non-motile. With

few exceptions they reduce nitrate to nitrite. Faecal



coliforms are bacteria which in the presence of bile
salts or other equivalent selective agents can grow and
produce acid and gas from lactose when incubated at

44-45°C (Harrigan and McCance, 1976).

(B) Principal differentiating characters of coliform group:

While all the five principal members of coliforms
hydrolyse O=-nitrophenyl- B-D-galactopyranoside by
P-galactosidase they differentiate themselves in arginine

dihydrolase activity (E.cloacae and Citrobacter freundii

94% and 34% positive respectively), lysine decarboxylase

test ( E.li, Klebsiella pneumond as and E.aerogenes are

positive by 83%, 75% and 99% respectively), Ornithine
decarboxylase test »('-_E_:_.g_g_l_:_l\_, Enterobacter aeg¥ogenes and
E.cloacae are positive by 76%, 99% and 97% respectively),
Citrate utilization (Citrobacter freundii 61% and all
others except E.coli 90% to 95%), st production (only

Citrobacter freundii produce at 60% level), urease

production (K.pneumoniae positive by 64%), inositol acid

fermentation (K.pneumoniae and E.aerogenes 97% and 93%
positive respectively) and motility (all motile except
Klebsiella pmeumoniae), (Anon, 1979).

The colony characters on eosin methylene blue&gar
(EMB agar) are the primax"y di fferentiating character

between E.coli and other group of organisms. In case of



lack of accuracy other conwventional system could be

adopted (Edwards and Ewing, 1972j Fun% and Cox, 1981).

{C) Presence of coliforms in milks

(1) Indicator organismgs

This group of bacteria was considered important
in quality control of milk as it was indicative of possible
faecal contamination and due to its ability to produce acid
and taints in milk. The presence of this group in milk
indicated degree of insanitary practices during production,
processing or storage and vas intended to measure general
care taken in handling this product (Indian Standards No.
1479 - 1977).

Coliforms were often associated with organisms of
intestinal origin but other groups may &t as indicators
for other situwations (Harrigan and McCance, 1976).
Escherichia cold is the so called "Faecal coli" which
occurred normally in the human and animal intestines and
the presence of this organism in milk indicated recent
contamination with faeces. E.coll being, fairly wide
spread in nature and although most strains originate in
faeces, 1its presence particularly in small numbers did

not necessarily mean that the substance from which it



was isolated contained faecal matter (Collins and

Lyne, 1970).

In water analyéis, the presence of Esgherichia cold
.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 it would be therefore advisable to determine
whether the strains present are E.coli (typical) or other

non E.coli coliforms (atypical) (Harrigan and McCance, 1969).
(11) Distribution of coliformss

The distribution of coliform in the organized dairy
gectoxr were E.coli (40%), Enterobacter cloacae (8%);
E.aerogenes (23%)y C.freundii (17%) and K.aerogenes (7%)
(Misra and Sinha, 1978).

In another study Klebsiella serogenes, Enterobacter

aerogenes; E.cloacag and Citrobacter sp. constituted 11.3%,

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

(Kaloyanov and Gogov, 1977).

(1i1) Effect on the final product qualitys

The production of lactic acid and the intermediate

met abolites of coliforms reduce the product quality and



nutritive value and also cause spoilage of milk and 4ts
products (Muler et 8l., 1978y Kraft and Rey, 1979;
Mikolajeik, 1980). The presence of high counts of H
coliforms in raw milk might cause irreversible changes,
which could result in a decreased shelf life of the
finished product: As these organisms are psychrotrophs
they are able to grow in the refrigerated milk and cause
irreversible change.Enterobacter sp., E.coli ad |
Streptococcus liquefaciens formed the majority of
psychrotrophs (Juven et al., 198l).

(iv) Potential role in public health hazards

The‘ holding of milk at 143°F (61°C) for 30 minutes
{low temperature, high time) or 161*p (71°C) for 15 seconds
{hidh temperature, short time) and dimmedi ate chilling to 4°C
was called pasteurization (Foster et al., 1958). At this
time temperature conmbination non-sporing pathogenic
bacteria such as Mycobacterium sp., Brugella abortus,’

Salmonella and E.coll could be destroyed (Foster et al.,

19587 Kay, 1962y Kaplen et al,, 1962), The thermal death
point of E.coli was 60°C i{f held for 125 seconds (Kaplan

ot al., 1962).

Ability to resist 63°C for 30 minutes by coliforms
is extremely uncommon (Foster et al., 1958 Kaplon et al.,

1962), though hect injured E.coli might be present in the



pasteurized milk (Natarajan et al., 1983). The E.cold
had bsen attributed in large number of milk borne diseases
(Marrier et al., 1973y Batish et al., 1981p ¢ Kornacki and

Marth, 1982b) .

Heat stable enterotoxins are produced by E.coli

Klebsiella p_neumoniae”; Enterobacter cloacae and these
toxins might withstand pasteurization temperature as they
were stable at 60°C for 30 minutes or 65°C for 15 minutes
(Evans et al,, 1973a, Sack et al., 19757 Klipstein and
Engert, 1976a,b, Mchlman et al., 1976y Burgess et al.,
19783 Clements and Finkelstein, 1979). A heat stable
toxin of a porcine strain of E.coli had been positively
assayed after heat treatment at 87°C for 20 minutes
(Olsson, 1982)., It had also been reported that exposure
of E,coli, K.pneumoniae and E.cloacag stable enterotoxin
to a tem;;erature of 100°C for 30 minutes did noﬁ reduce
the aotivity (Klipstein and Engert, 1976a,b, Klipstein
et al., 1977).

The stable toxin (ST) of E.coll had been classified
into STa and STb depending upon the thermal stability and
other characters., STb was comparatively more stable than
STa (Burgess et al., 1978), Extracellular presence of ST

had been reported (Olsson, 1982).



(D) Rapid Screening testas

A large number of objective tests had been developed
and proposed for assessing the microbial quality of food
(ray et al., 1979). Standardized rapid dye reduction tests
using methylene blue thiocyanate indicator, resazurin and
tetrazolium dyes had been in practice in the dairy industry
(Foster gt al., 1958, Indian Standards No,1479 - Part I -
1960; Cruickshank et al., 1975; Indian Standard No. 1479 -
Part III - 19773 Cousins, 1982). The method was adoptable
to the examination of a large number of samples in a
comparatively short time with minimum equipment and
materials and had been used widely for the grading of raw
milk (Foster gt al., 1958 Iﬁdian Standards No.1479 -

-

A method for detecting the proteolysis in refrigerated
raw milk on storage upto three days by interpreting the
tyrosine véaue in relation to bacterlial numbers was
evolved, (Juffs, 1973). This was found suitable only to
store raw tefr;gérated bulk milk. Benzalkon-crystal
violet ATP method comprising rapid determination of the .
bacterial ATP could after addition of benzalkon and
crystal violet to the pasteurized milk was developed but
yet to be standardized (Waes and Bossuyt, 1982).



a U

The\meaaurgment of electrical impedence using
Bactiometer 32 offered a definite time advantage
approximately 7 versus 48 hours for the standard plate
count when examining raw milk samples. This test
involved a procedure in which microorganisms growing
in liquid medium produced electrical resistance of the
solution (Gnan and Luedecke, 1982).

(1) Limulus amoebolysate test (LAL)

The amoebocyte was the only blood cell of Limulus
polyphemus (horse shoe crab) and the clottable blood
protein came from this amoebocyte., The LAL developed
£from an observation that a vibrio caused infection
‘resulted in clotting of Limulus blood (levin and Bang,
1964). 1In the presence of endotoxing of Gram negative
bacterial (GNB) cells, the lysate gelled and gave the
appearence of a positive coagulase tube test (Jay, 1977,

Culbertson and Osburn, 1980).

(a) Chemical composition and biological effects of
endgtoxin:

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 product of
normal growth. The biological effect of endotoxin would



have pyrogenic effect, haemodynamic effect, disseminated
intra vascular coagulation, effect on complement system,

' induction 6f generali zed Shwartzman phenomenon, granulocytoe
paenia and effect on immune, nervous and hepatic systems

(Culbertson and Osburn, 1980).

(b) Applications

The most widely used though somewhat controversial
assay was LAL test (Culbertson and Osburn, 1980). The
Limulus amqebolﬁsate endotoxin assay had been used in
agsessing microbial guality of ground beef as a rapid
sengitive indicator system (Jay and Margitic, 1979y Jay

Limulus amoebolysate test, Easicult method and direct
sampling method for surveillence of operating nebulizers
were studied. The LAL and Easicult method were sengsitive
enough to detect 103 colony forming units (cfu) per mL.
The LAL detected the endotoxin content of GNB but not the
viable bacteria. The Limulus test was considered as a
valuable procedure in clinical microbiology for it could
detect moderate to heavy microbial c¢ontamination within
one hour of testing{Reinhart et al.,, 1981). 1In screening
urine for GNB LAL test had been applied (Nachum and '
Shambrom, 1981).



S
The Limulus in vitro endotoxin agssay was evaluated as

a possible method for the prompt detection and measurement
of endotoxins of GNB in milk (Luzic and Friedman, 1973;
Hartman gt al., 1976). The endotoxin was resistant to

pasteurization temperature (Luzio and Friedmann, 1973),

(c) Sensitivity of the testg

The test detected 0.001 ng of E.coli endotoxin in
0.1 m; solution. Commercial milk samples contained 30-130
};g/mi, with 8 16 fold increase in samples held a 24 hours

at room temperature (Luzio and Friedmann, 1973).

As the LAL test was described a simple mpid and
reliable method for assessment of endotoxins of GNB.
This method was preferred among other rapid screening
tests which measured both GNB and other microbes, This
test required one hour for assessing the quality (Hartman
et al., 1976y Jay et al.. 1979). At concentration of
1 x 10° to 2 x 10° of E.coll, Klebisiella sp. and E.cloacag

this test reguired only 10 -« 15 minutes for assay (Nachum

and Shambrom, 1981),

(E) Detection andﬁ:tdentifica’io:m of coliformst:

(1) Sstandard conventional systems

The procedure for collection of samples for

microbiological analysis (Indian Standards No.1479 -



Part I ~ 1960, Indian Standards No.5404 -~ 1969, ICMSF

¢ = 1974) and the collection of samples on r andom and
non~-random basis had been suggested (Harrigan and MeCance,
1976). The swab method and rinse method of collection of
material from dalry utensils for bacteriological examination
and the standards for the grading had been dacmnentéd
(Indian Standards No.5253 - 1969).

Detection and enumeration of coliforms in the milk
could be done by employing presumptive test (Multitube
technique) in liquid medium, presumptive test in solid
medium (coleny counts) and complete test in solid medium
(Indian Standards No.:5402 - 1969y Indian Standards 1479 =
Part III - 1962)., Statistical methods for selection
picking and examination of colonies from plate culture,
of a pour plate method had keen narrated (Harrison, 19387
Harigan and McCance, 1976): Procedure for enumeration,
isolation and identification of Escherichia coli responsible
for food poisoning had been described (Indlan standards

No, 5887 =~ 1976)..

The conventional procedure for differentiation of all

the members of Enterobacteriaceae with diagnostic key or
tables had been in existence (Edwards and Ewing, 1972;
Buchanan gt al., 1974y Cowan, 19747 RHarrigan and McCance,

1976). These conventional methods of identification of



bacteria consumed minimum of 96 hours and as such time
consuming and laborius, It took a lot of time far the
preparation of glassware, media and washing after the
test. Hence the food and clinical microblologists did
not prefer, as the results were not available before
processing or sale of milk and its products (Swanson and

Collins, 1980p Fun% and Cox, 1981).
(11) Rapid tests for Identification of the Isolates)

(a) Diagnostic Kits:

Industrious microbiologists, always interested in
finding ways to quickly identify bacterial isol ates from
clinieal food and environmental samples, had developed
miniaturized microbiological techniques and di agnostic
kits in the last decade to meet this need (Cruickshank
et a., 1975 Fung and Cox, 1981 Mac Faddin, 1980).
Diagnostic kits evolved for clinical 1lsolates had been
currently used for food isolates also. Many systems of
diagnostic kits are commercially available which include
API 20E, Enterotube, Micro ID, Entero-set, Minitek and

R-B systems (Cruickshank et al., 1975 Fung and Cox, 1981)
AN

Conventional test results were correlated and it was
observed that food isolates tested with API 20E, Enterotubé

and Minitek systems correlated at 99% (Poelma et al., 1977).



In the accuracy aspect the Conventional Association of
Official Analytical Chemists® procedure gave the accuracy
(96.1%) in identifying 440 cultures, followed by Minitek
(91.6%), Enterotube 89.8%,API 20E (89.5%) and pathotec
84.8% (Poelma et al., 1978).

In a study on isolates from meat using API 20E and
R=B systemé the API 20E and R-B system correl sted at 82%
and 72% to 80% respectively with conventional system. A
study could be completéd in four hours with Micro ID system
(Cox and Mercuri, 1978s Mercuri and Cox, 1979y Cox and

Mercuri, 1979).

Beneficial use of API 20E system to identify clinical

isolates of Enterobacteriaceae had also been made (Swanason

and Collins, 1980), It had been reported that né shortened
mini identification scheme could ever be as accurate as
conventional system, However with all this lack in accuracgy
the food microblologists continue to seek rapid methods to
identify isolates from food for its easiness, simplicity

and low cost as it is 4«5 timss cheaper than conventional
methods and as the quality and safety of food must bs
determined as guickly as possible before the ingredients

—

and foods are released for processing or sale (Fung and Cox,

1981).



(b) Other tests:

An automated rapid test using auto analyzer II system

for Escherichia coli in milk by measuring the presence of

glutamate decarboxylase was studied. This system was
capable of detecting as few as 50,000 E.coli organisms per

mi; of milk (Moran and Witter, 1976).

3; Role of coliformgs as a milk borne Enteric pathogent

New soclo-economic and political demands for
conservation of energy, water and food products coupled
with changes in life style including more meals eaten
away from home would require new 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's (Busta, 1979).
A number of recent advances and a recognition of enteric
pathogens and their mechanisms of virulence had revolutionized
enteric microbiology in the last décade (Richard et al., 1981).
In the public h-éalth significance of milk borne infections

and intoxications, Staphylococcus, Clostridium, E.coli,

B.gereug, Streptococcus and Aspergillus were incriminated

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



Milk and milk products like ice cream, kulfi, dried
milk and cheese could be contaminated with toxigenic
strains of Escherichia cold which elaborate the
enterotoxins under favourable conditions: Contaminationo
of milk and {ts products with E.coli serotypes capable of
producing infections and enterotoxins could take place at
any stage from production through other stages of pz'ocessidg
(Ranganathan, 1973y Batish et al., 198la)., Ingestion of
microbial toxins already synthesized in the‘milk or milk
products (i.e. preformed) bring about diarrhoeal syndromes
in the consumers. This was called "intoxication". The
toxins affecting gastro intestinal tract were known as
enterotoxins. On the other hand ingestion of pathogenic
microor’ganisms along with milk foods leads to their lodgement
and establishment in the consgmer‘s organ. This was termsd
as“in-&ebtion'i There are yet other organisms which infest
intestine when ingested along with the milk foods, produce
toxdn in situ to bring about symptoms of poisoning. This
was called as toxi-infection’(Batish gt al., 1981a)

(A) Escherichia colis

Gastrointestinal illness caused by E.coli is the
diarrhoeal disease which may result from ingestion of
large numbers (106-109 ) of enteropathogenic Escherichia

coli. Because of the greater likelihood of poor sanitation,

N\



this illness is more common in the developing nations

than i1in developed countries. E.coli had been responsible
' £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 ‘vibr:io cholerae and a shigella-like
illness were reported. These problems might sometimes

result from consumption of food or water contalning large
numbers of these bacteria (Sack, 19807 Sack, 1981).

Enteric disgases caused by enteropathogenic E.gg_]_._i_._ could be

classgified into four major categories.

Classical Enteropathogenic E.coli (EPEC) commonly
referred to serogroups of E.g_g_q_.i_)historically were
asgoci ated with outbreaks of diarrhoea in young children
and infants. Facultatively Enteropathogenic E.coli (FEEC)
were non-EPEC serogroups associated with sporadic diarrhoea,
and included many sSerogroups associated with the normal
intestinal flora. Enteroinvasive E.coli (EIEC) exerted
their pathogenic effect through an invasiveé shigella like
infection of the gastrointestinal tract, characterised by
fever, diarrhoea and dysentry with toxaemia. Enterotoxigenic
E.coli (ETEC)-was commonly isolated from outbreaks of
traveller's diarrhoea, infantile diarrhoea and sporadic
nursery outbreaks and included those strains which produged

a heat-stable enterotdxin (ST) only or a heat-labile



enterotoxin (LT) only and/or those producing both ST and
LT. These organisms adhered and colonizad the epithelial
cell surface of the proximal small intestine. This
colonization was medi ated by specific types of fimbriae
which are host=-specific. Toxigenicity was plasmid-related
(Sack, 19813 Gaastra and Graof, 1982y Kornacki and Marth,

1982b).

(1) Enteropathogenic E.coli (EPEC)

Classical enteropathogenic¢ E.coli (EPEC) commonly
referred to serogroups of E.coli, historically, were
associated with outbreak of diarrhoea in young children
and infants (Evans gr. et al., 1979). These serogroups
included 0320, 0:26, ®v88, 0:46, 0255, 0186, 03lil, 01114,
03119, 02125, 03126, 0:127, 0128, 0:142, 0:158 and 0:159
(Orskov and o'rskov. 1977y Evans Jr. et al., 1979
Mehlman and Romero, 1982). Several serotypes that were
particularly common among enterotoxin producing strains
were identified. They were 03128 and 03129 (Evans Jr. gt al.,
1979). Since infantile diarrhoea was a leading cause of
death in children under five years of age in developing
countries, it—preared possible that these organisms
might contribute significantly to this mortality (Sack,

19807 Kornacki and Marth, 1982b).



The mechanism of action of EPEC was presumed to be
of ETEC type, and Shigella toxin type. However, secretory
. type of response was commonly observed (Gangarosa, 1978y

Sapk, 1978).

(11) Facultatively enteropathogenic E.coli (FEEC) -

FEEC are non-EPEC serogroups, 'associated with sporadic
diarrhoea, and included many serogroups associated with the
normal intestinal flora (Evans Jr. et al., 1979). It was
propoged that E.coll serogroups Osl, 0:2, 0314, 016, 017,

Os15, 0119, Os21, 0225, 0s27, Os51, 073, 0375, 0378, 0183,
0385 and 0:117 be classified as FEEC when they were associated
with diarrhoea or enteritis and exhibited a haemagglutination
pattern which was referred to as type III (Evans Jr. et al.,
19793}.

(111) Enteroinvasive E.coli (EIEC)

The serogroups of EIEC included 0128, 0t112, 03115, 0312
03136, 03143, 0:144, 01147, 03152 and 01164 (Evans Jr. et al.,
1979y Tullock et al., 1973). ‘The invasion into colonic
epithelium and multiplication within the mucosa were two

vi’rulence attributes of this type.

(iv) Enterotoxigenic E.coli (ETEC)

ETEC included those strains which produced either ST
enterotoxin alone or LT enterotoxin alone or both ST and LT



(Evans Jr. et al., 19797 Raskova and Raska, 1980).

These strains were characterised by their ability to
proliferate in the anterior part of the small intestine
and by the production of one or koth of éwo typas of
enterotoxins {Smith and Halls, 1967a,b., Raskova and
Raska, 1980} Gaastra and Graag, 1982). Colonization of
-mucosal epithelium was mediated by specific adhesions wiﬁh
which the cells could resist the £lushing action of the
peristalais of the gut {Gaastra and Graaf, 1982).

The sero group of ETEC strains, mostly f£rom sporadic
cases; were 016-H316y O18-H:19y O0115-Hrlly 0225-Hi42;
0378=-H3ll, 0:78-H3112p 03128-H17s 081149-H:10y 0r159~Hi4
{Orskov and Orskov, 1977, Sack, 1978). The other ETEC
serotypes reported with colonizing factor antigen/I (CFA/I)
and CFA/II were 0163, 0:114, 01153, 0180, 0185 and 01115

(Craviato et al:, 1982, Gaastra and Graaf, 1982).

(B) .Other coliforms of importances

Non~E.coli coliforms also appeared to be capable of
colonizing the human gut and producing potent enterotoxins
of high yield (Twedt and Boutin, 1979). During the last

few years strains of Klebsiella, Enterobacter and

Citrobacter of which some were shown to be enterotoxigenic

had been isolated from stools or the intestinal tract of



-

children and.adults in several epidemilogical studies of acute
and chronic diarrhoeal diseases (Klipsiein 33,2;.; 1973;
Klipstein and Engert, 1975 Twedt and Boutin, 19797 Back

et al., 1980; Jadruddin et al., 1981). The heat stable
toxins produced by these strains were purified and the préper-

ties studied (Klipstein and Engert, 1976a,b).

It was postulated that a family of enterotoxinS;might

exist among the various members of Enterobacteriaceae

(Twedt and Boutin, 1979). Recent findings had suggested
that plasmids encoding £or enterotoxin might spread between
related species. 1In fact, the intergeneric transfer of

" plasmids among menbers of Enterobacteriaceae was one of the

reasons for the difficulties encountered when studying the
genetic relatedness of the. family (Sanderson,. 1976). The
" non g,coliybécteria were generally more labile enterotoxin

producers, than E.coli strains (Back et al., 1980).

In a study, the.enterotoxigenecity of 12 strains of

" goliforms comprising Ehterobacter‘cloacae.ZKlebsiella

pneumoniae and E.coli, isolated from the gastro intestinal

tract of persons with diarrhoea, were compared with that
of the 13 strainé‘of coliforms from urine culture
(Kiipstein et al.. 1977). The'heat stgblé toxins from
these isolates were studied in rat jejunal perfusion model.,

All 12 gastro intestinal strains and only 6 of the 13 urinary



strains elaborated one or both forms of enterotoxin.

The toxin was weak from the isolates of urine, but had

| a minimal effective concentration of toxin as low as 0.1
to 10 ng/ml £rom the gastro-intestinal isol ates
(Klipstein et al., 1977)

The heat stable enterotoxins produced by Klebsiella

pneumoniae and Enterobacter cloacae had been assayed in

rabbit ileal loop for £luld secretion (Klipstein et al.
1973, Klipstein and Schenk, 1975). The toxins produced
by these strains were reported to be heat stable at 100°C
for 30 minutes and of low molecular weight and hence they

were not antigenic (Klipstein and Engert, 1976a,b).

In a comparative study, it was indicated that t:he'
close {mmunological relationship of cholera toxin and
E.gold heart~labile toxin existed with the heat labile

toxins of Klebsiella and E.cloacae and to a lesser

extent to the heat stable toxins of E.coll and Kiebsiella
pnewvonias: This similarity between enterctoxins of E.coli
and other cocliforms supported the hypothesis that these
toxins were mediated by plasmids transmissible between
species and genera resident in the human intestine

(Twadt and Boutin, 1979). 1In an epidemiological
investigation of recent nursery outbreak of diarrhoeal

disease, nine different serotypes of three different



species of enterotoxigenic organisms viz. E.coli

‘Klebsiella and Citrobacter were identified (Guerrant

et al., 1976). The authors opined that the outbreak
could have been related to the intergeneric spread of

toxigenicity by a plasmid {(Guerrant et al., 1976).

Food; medical and public health microbiologists
should be aware that non E.coli coliforms might also.
develop pathogenecity as a réesult of acquiring plasmids
while being méintained in the environment or in the human
host, Strains that were routinely dismissed on taxonomic
grounds duﬂng microbiological examination of suspect
food, might actually pose a potential public health
hazard., Recognition of these orxganisms should therefore
rely on tests for enteropathogenic capabilities (Twedt and

Boutin, 1979):
(C) Historical food and water borne outbreaks:

Duriﬁg the last 95 years E,coli had been consaidered
to be a potential pathogen for men and domestic animals
(Mehlman et al., 1976). Infections caused by this
bacterium had been studied since the early 1900s when a
relationship between E.coli and white scours in caves
was noted (Gangarosa, 1978). In the 1920s and 19303

studies suggested that strains of E.coli caused diarrhoea



among infante (Gangarosa, 1978). 1In the 1940s, it was
demonstrated that these strains were of global importance
in producing gserious outbreaks of ﬁiarrhoeal disease in
murseries. At this time mortality rates approached 50%
(Mehlman et al., 1976). Since then the epidemic potential
of enteropathogenic E.goli had diminished notably in the
developed nations because of improved sanitation, efficient
management of nurseries, increased mwareness of the potential
illness, wilser ugse of antibiotics and administration of
£fluids (Mehlman et al., 1976). Since 3 large inoculum of
enteropathogenic Escherichia cold (1.‘06 - 109) was required,

E.cold diarrhoea like cholera, required a very insanitary
environment for transmission of the fllness. This was
attributed as a reason why enteropathogenia E.coli was
still an dmportant cause of diarrhoea in developing

nations (Gangarosa, 1978).

The f£irst recognized outbreak of gastroenteritis
caused by E.coli in adults from the western hemisphexe
oceurred at a conference center near Washington DC in
1967, and was traced to a contaminated non-chlorinated

well system, The wells providing water to the conference!

bl

center were impraoperly constructed. The water of the

7

wells had high coliform counts on several occasions and

E.cold Otll1-Bi4, a known pathogen, was isol ated from it



and from the stools of some of those who had been ill as
well as a few of those who had not become ill but had been
pfesenf: at the centre during the diarrhoeal episodes. While
it was not concluded that E.goli 01111-Bi14 caused the
illness, it seemed likely that it did it (Schoreder gt al..
1968).

The first wellwdocumented outbreak of dairy foodborne
illness due to imported cheese in the United States oacurred
in 1971, and involwed atleast 387 persons in 107 episodes
was E.coli. E.coli 031124 and 01125 were isclated from faecal
spednens obtained from patients involved in the outbreak.
Epidemiologically this outbreak was traced back to the
cheese plant and E.coli serotypes 0s124 and 031125 were
isolated, Several of these samples contained Enterobactexr
hafniae strains which cross reacted xlvith,g. coli 03:112-B1ll

antisera. Counts revealed 1()5

to 107 E.cold 01124 per gram
of cheesae. Counts on cheese in the ripening process showed
10% and 10° coliforma per gram. E.gold 01124 isolated from
the patients and cheese, were shown to be invasive and not

enterotoxigenic (Marrier et al., 1973).

Between 1969 and 1972 E.coli accounted for less than

two percent of the outbreaks of foodborne illness in the



United States and less than six percent of total cases of
bacterial gastroenteritis (Mehlman et al., 1976). In 1971
when the afore mentioned outbreak involving soft ripened
cheese occurred, E.coli ranked sixth among recognized
etiological agents of bagterial gastro-enteritis (Kornacki
and Marth, 1982b).

In another waterborne outbreak E. colli O16-H316
was isclated from the 'residents and from their water
supply. This represented about four percent of the
total outbreaks of water borne illness for that year
and about nine percent of the total cases. In 1976 a
number of people developed a diarrhoeal illness during
a four day voyage on a crulse-ship. Nonmotile ETEC
serotype 0125 producing LT enterotoxin was isol &ted £rom
the ailing people: This was the first reported outbreak
caused by E,coli producing only LT enterotoxin (aAnon,
1976). Several unidentified etiological factors were
still there in 60% of food borne illness, declaring them
as "etiology unknown® (Busta, 1979).

(D) Incidance,gf:_:Enterogathogenic coliforms and serotypes

of E.coli

In the last decade increasing attention had been

focussed on the role of enteric bhacteria other than



Salmonellae and Shigella in diarrhoeal disecases.
Enterotoxin producing E.coli had been implicated 16 many
outbreaks. An increasing number of reports in recent

years had also implicated enterotoxigenic Klebsiella,

Enterobacter and Citrobacter (Sadruddin et al., 1981).

The majority of E,coli serotypes fromfoods were
confined to 016, 018, 0115, 0378, 01124, 0:125 and 01149
serogroups (Orskov et al., 1976y Marrier et al., 1976).
Other serogroups as O3ll, 0155, 0326, 03126, 03128 had
also been reported in a different geographical location.

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

This indicated that apparently vherever E.gcoli was
found, enteropathogenic strains may also be present,
but the proportion of non-pathogenic to enteropathogenic
8tr ains seemed to vary considerably in any given
environment, whether one considers the environment or the

type of food involved (Kornacki and Marth, 1982b).

(E) Established sources of contaminations

o

Water had been incriminated as a probable source of
contamination in the first historical outbreak of E.coli
dlarrhoeal illness (Schorder et al., 1968)., The possible

role of personnel in contaminating the food was established



by examining the stools of 219 food handlers. About 6%
of them carried EPEC strains (Hall et al., 1967). With
the sanitary environment, marked reduction of the E.coli
enteric diseases were reported due to improvement in

sanitation in developed countries (Mehlmen et al., 1976;

Gangarosa, 1978y Ssack, 1980),

(F) Incidence of EPEC and colifomms in Dairy Products:

(1) Kn important spidemiological studys

The 1solation of E.coli 0:124 and 03125 fram an
outbreak and consequential conclusive epidemiological study -
tracing to a contaminated cheese in another continent had

been narrated (Marrier et al., 1973).
{i1i) Incidence in Milk:

Ten EPEC strains were reported in raw milk. E.coli
virulent for mice were isolated from 45 out of 128 sanples
of raw mllk., Majority of these strains belonged to 08155«
B:5 and 0126-B:16 (Ranganathan, 19732 8ingh and
Ranganathan, 1974). A survey of five raw milk samples
showed the presence of classical EPEC serotypes (Glatz
and Brudvig, 1980a,b). Nine sanmples of pasteurized milk
contained five mice virulent serotypes 0826«Bt6, 03155-B15,
0:11-B14, 0:1126~B:16 and 0:128-.B312 (Ranganathan, 1973;

Singh and Ranganathan, 1974).



In the study of role of milk and milk productsa 4in
the etiology of diarrhoea in infeants, it was pointed that
out of 11 isolates of E.coli, from milk food 10 were
common €0 the isolates in atool of in‘,fan'cs (Misra and Rao,
1975): A report of enterotoxin production in milk by known
ETEC cultures wag made (Glatz and Brudvig, 1980a), wherein
Aproduction of heat labile toxin by one of the three strains

tested, at a pH above 6.5, was observed.

(114) JIncidence in Milk products:

Pfavalence of EPEC and coliforms in milk products
like ice cream, kulfi, cream, butter, cheese, yoghurt and
butter milk were extensively rgported Goel et al., 197 ;
Ranganathan, 1973y Marrier et al., 1973; Singh and
Ranganathan, 1974) Mehlman et al., 1976, Glatz and
Brudvig, 1980b). The presence of these organisms in
pasteurized products wvere incriminated to the failure
in the sanitary manufacturing procedures or inadequate
pasteurization or post pasteurization contamination
{(Kornacki and Marth, 1982b). The majority of serotypes
of E.gcoli encountered £rom food borne diseases werc 018,
0315, 03178, 031124, 01125 and 0:149 though there were
other ser;:;_ypes in existence (orskov and Orskov, 1977).
The serotypes of 0320 and 0344 had been reported as ETEC
£rom cheese in India (Panhotra et al.., 1981)



. {1iv) Survival of coliforms in milk products:

Long storage period, low temperature:*low hydrogen -
ion concentration had been reported to have a deleterious
eéffect on the survival of coliforms in milk. The storage
périod over 24 hours at 19°C in fermented milk producté
reduced the E.coli and E.aerogenes count, ﬁ;l.th E.coli
surviving longer than E.aerogenes (Goel gt al., 1971;
Prasad et al., 1980). Growth of E.coli was best controlled
by the lower incubation temperature and higher salt
concentration (Frank and Marth, 1978),

The factors which influenced the survival of coliforms
in cheese had baen extensively studied. They included
temperature of storage, initial levgl of califorms in milk
and cheese, 1ength of storage, moisture content, amount
and type of starter culture, strain difference, hydrogen
ion-concentration due to complete or partial fallure of
acid development, salting, washing, presence of antibiotics
in cheese, location in cheese and type of chaese (Fantasia
et al., 1975 Frank et al., 1978y Mikolajcik, 1980;
Kornacki and Marth, 1982a,b).



4. Enterotoxigenic Coliformgs:

As, essentially all enteric¢ pathogens are proven
or presumed to be acquired by the faecal~oral route,
they could be considered to be potentially transmissible
via contaminated food or water (Richard et al., 1981).
Food microbiologists recently added the names of Yersinia,
Campylobacter and enteropathogenic E.coli (EPEC) to their
vocabulary (Foster, 1982). Research needs exist to
recoghize and control new unusual food=borne diseasa
agents before they manifest themselves by massive and

disastrous outbreaks of disease (Poster, 1982).

The global impact of the enterotoxigenic E.coli
(ETEC) 48 huge. ETEC l:xad been identified as the most
common enteric pathogen infecting travellers recently
arriving in developing countries and also in paediatric
diarrﬁoea throughout the world (Shore et ai., 1974
Sack et al., 1975; Echeverria gt al., 1978bs Echeverria
et al., 19793 sSack, 1980y Sack, 1981y Richard et al.,
1981; Kornacki and Marth, 1982b).

ETEC was also recognized to cause cholera like
syndrome in the native adults, living in the cholera
endemic areas, an occasional cause of nursery outbr;ea}w

of diarrhoea in developed countries and an occasional



cause of common source of outbreaks of diarrhoea seccondary

to faecal contamination of water and food (Sack, 1980).

Several coliform species other than Escherichia coli

were often associated and possibly responsible for acute
and chronic diarrhoeal illness (Twedt and Bouﬁin. 1979).

Among Puerto Ricans with untreated tropical sprue, these

bacteria consisted principally of Elgbsiella‘pneumoniao

and less commonly of Enterobacter cloacae or Escherichia

colli (Klipstein and Engert, 1975). Enterotoxins had been
demonstrated in still other enteric organisms viz.

Enterobactor, Klebsiella, Citrobacter and_Protéus that had

not been proven to produce diarrhoeal disease (Sack, 1980).
They had been reported from a new horn speclial care unit
out-break (Guerrant et al., 1976) and cruiseship outbreak

(Wachsmuth et al., 1979).

(A) Enterotoxins of E.colis

(1) Characteristics of heat labile toxin (LT)

The heat labile enterotoxin (LT) is antigenically

related to the enterotoxin produced by Vibrio cholerac

{Choleragen) and is nondialyzable. The moleculay weight
of LT is placed between 95,000 to 96,000 daltons. It is
destroyed at 60°C when held for 30 minutes. LT enterotoxin

A}



induces fluild secretion in the small intestine. The
LT i8 antigenic (Mshlman gt al., 1976) Burgess _9_55_13.
19783 Clements and Finkelstein, 1979):. The secretory
response of intestinal mucosa to LT is delayed in onget
and of long duration, whereas, the intestinal response
to stable toxin i3 quick in onset and of short duration
(Sack, 1980). "

(41) Heat Stable toxin (ST)

The heat-stable enterotoxin (S8T) produced by same
ETEC strains had been found to be heat stable and dialyzable
having a molecular weight between 1,000 < 10,000 daltons
(Klipstein et al., 1976y Burgess et al.; 1978f Clements and
Finkelstein, 1979), The antigenecity of ST had been recentl
established (Klipstein et al., 1983a). Human E.cold ST
was synthetically produced and found to have all the
biclogical properties of the ST produced by the bacterial
growth. The synthetic toxin was found to be antigenic

(Klipstein et al., 1983b).

(a) Classification of ST and its characterss

The ST was clagssified as STa and STh in a porcine
strain (Burgess et al., 1978). STa is soluble in methanol

with lower thermal stability, active in the infant mouse



and neonatal piglets, whilst STb is insoluble in
methanol with higher thermal stability and active in
the ligated loops of weaned pig and rabbit (Burgess
et al.,, 1978). Thermal stability of 80°C for 20
minutes had been reportel with a plg strain (Olsson,
1982): Heat stability at 100°C for 30 minutes had

-~

been reported with E.colil, K.pneumoniae and E:gloacae

heat stable toxins (Klipstein and Engert,; 19755
Klipstein and Engert, 1976). In human beings and pigs,
the proportion of strains producing STb were more than
S7Ta (Robichaid et als, 1978). Stable toxin had been
characterized by rapid onset and short duration (Whipp
et al., 1975)s Recent studies combining ST -and LT had
showed that the ST might also be antigenic and vaccine
could be developed to protect agalnst either toxin.
‘This immunogen had protected rats against e'hallengé
(Glanella et al., 1981y Klipstein st al., 1983a,b).

The mode of actlion of ST had been known only
recently. It was demonstrated Ehat ST, purifled to
hcmogerfﬁicy stimulated a marked increase in cgyclic
guanosine 3 ‘-monothSphéte {GMP) concentration in the
small intestine, and that this increase preceded fluid
secretion. Furthermore they showed that when the

animals (Suckling mice) were given cyclic 8-bromo~GMP



or ceyclic B=bromo-adenosine 3', 5' monophosphate,

£luid secretion mimicked that induced by ST (CGlanella
and Drake, 1979). After intragastric injection of ST
into the mice, there was a marked increase in cyclic
GMP after three minutes and this level peaked to 10
_times greater than the control level. After this

point it fell but remained above the control level dt
120 minuteé later, Fluld secretion was induced 13 to

39 minutes after injection. The increase in cyclic GMP
before fluid secretion was consistent with the hypothesis
that ST induced cyclic GMP production which mediated the

secretary response (Glanella, 1978).

The minimal dose of ST reqﬁired to give a positive
responge in suckling mice was 2.5 ng and in rabbits it
was 10 mgm (Levine et al:, 1980). Staples gt al.(1980)
described a highly purified ST produced by a strain of
E.coli from human origin. The toxin was active in
suckling mice at doses as low as 2,7 ng and contained
18 amino acid residues. The enterotoxin had been
reported to occur intracellularly and extracellularly

(Smith and Halls, 1967b and Olsson, 1982).

STa and STb activity in bloassay 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 STb are present (Burgess

et al,, 1978). Recently it was demonstrated that STa
can be fractionated into two distinct moieties

(Burgess gt al., 1980). There might be some human
health significance to these findings since it had been
reported that partially purified ST from E.goli H 10407
(a2 human strain of ETEC) could be separated into two
distinct moieties by ion exchange chromatography

(starvic gg‘g&.. 1978). Both components were active

in infant mice, and appeared to have different molecular
weights, Hence, they might correspond to the subfractions
of STa since they are both activein infant mice (Kornacki

and Marth, 1982b).

(B) ZTypical serotypes of ETEC:

'The serotypes that are particularly common among
enterotoxigenic strains, regardless of geographical
location are 016-Hil6, 018-Hi9, O1l5-Hyll, 0s25-H142,
0126, 03178=Hsil, 12, 03128:-H:7, 01149-H110 and 0:1159-Ht4,

34 (orskov et al., 1976)



(C) Disgease manifestation in humant

One of the most common and perhaps the most
versatile enteric pathogen would be E.coli (Richard

et al,, 1981)

It was reported that three clinical syndromes
could be induced by ETEC. The most severe of these
wag a cholefa-iike syndrome which was eclinically
indistinguishable from that caused by V.cholerae. This
syndrome could be fatal although the mortality rate was
ill-defined (Richard et al., 1981). It was commonly seen
in geographic locations where cholera was endemic ( Sack,
1978). Secondly ETEC was the most common cause of
traveller'’s diarrhoea. This i1llness was relatively
mild. It had ﬁeeﬁ suggested that traveller's from more
developed countries were relatively non-immune and
developed the illness with greater frequency (30% « 60%)
within the first three weeks while vialting developing
countries, It was not known why this disease was
relatively mild considering the severity of the
cholera-like illness (Sadc, 1978). The third syndrome
was 1nfantiigtdiarrhoea, also more common in developing
than in developed countries and a leading cause of
mortality among children less than five years of age.

ETEC might be a significant contributor to this problem

(sack, 1978).



In the most severe form, volunteers experienced
severe diarrhoesa, with the passage of 5 to 10 watery
stools per day, lasting upto 19 days. Toxigenic ‘g.-q_q:_l_._g._
was recovered in large numbers from jejunal and ileal
coritents as well as from the stools. Travel history,
watery diarrhoea, nausea and vomition would be the
history with ETEC diarrhoea. .The 1llnesg lasted 3 to
19 days (Ridhaxd.gg_g&.t 1981). The mean incubatién
period was 26 hours and ranged from 8 to 44 hours after
ingestion: A four~fold increase in serum antibody was
detected in 5 out of 7 men studied with the illness.

To induce diarrhoea with these two strains of ETEC, 1t

was necessary for volunteers to ingest f£rom 108 to 1010
organisms (Dupont et al., 1971). The inoculation necessary
to initiate illness might be dependent upon existing
conditions in the stomach at the time of ingestion (Dupont
et al., 1971). This level (ld8 - 1010) of ETEC necessary
to initiate d&larrhoeal illness was generally accepted,
although smaller numbers of ETEC might be equally

effective with freshly isolated strains (Mehlman et al.,

1976}.

-

(D) Host Specificity and Immunitys

ETEC appeared to be host~specific. When ETEC strain

263 which caused diarrhoea in piglets, was fed to human



volunteers at levels of 106,, 108 and 1010 cells, only

one out of 4 men ingesting 1010 cells became mildly ill.
Although it was isolated from stools (.‘M)B pex %’) and was
present in the dleum (1 x 106 cells per mY of intestinal
fluid), it could not be found in jejunal samples. It wasg
suggested that this might have resulted from failure of

the organisms to multiply in the small bowel or £rom
specles insensitive to "Swine" enterotoxin (Dupont et al.
1971). However, when nonpathogenic 2.-;9_9_1_:_1_». K 12 was made
the recipient of a plasmid coding for production of toxin
and fed to animals, it was not consistently pathogenic in
all hosts although toxin was produced as demonstrated by
in vitro tests., UWhen another plasmid coding for production
of an antigen involved in the adhesion of these cells to
the samall intestine was inserted into thesse toxin production
cells, the ability to produce diarrhoea was established
(Mehlman et al., 1976). Contrary opinion of lack of.
strict host specificity also prevailed. The presence of

K 99, K 88ab and K 88ac antigens in the E.coli isolates
£rom both cow calf and human sourges was an indicaion of

lack of strict host specificity (Kumar gt al., 1982).

The antigenicity of ST had recently been established
(Gianella et al., 1981y Klipstein et al., 1983a,b). A
complete understanding of the organisms in its immunological
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perspective might eventually lead to the development of
an effective vagcine of major value in diminishing the

dlarrhoeal problems (Sack, 1981),

(E) ch:eJ. aion of Serotype and ,'I'oxigenicitzc

The relationship between serotype and enterxotoxin
production in 109 ETEC strains isolated from 109 patients
with severe cholera~like diarrhoea in Dacca, Banglaﬁesh,
was studied by Merson et al.(1979)., They dsnonstrated
that atleast in one geographical setting, E.coli straing
producing both heat-labile and heat-stable toxins were
more restricted in their O groups and OsKiH. serotypéa
than was E.coli that produced only heat-stable toxin.
There were 69 strains which produced both toxinssy of
these 59 (86%) beslonged to one of four seragroups (016,
038, 0178, 01115) and 56 (81%) of these strains belonged
to one of six Oi1KsH serotypes. However, the 34 straina
which produced ST only, were distributed among £ifteen
0 groups. Only eight (24%) of these strains were found
in the four major LT-ST O groups. On a similar study
on E.coll strains, 33% possessed 016. ‘038 or 01787 93%
of these -‘Jere stable producers of LT and 86% produced
both LT and ST. 0:78 strains possessed CFA/I whereas 036
and 038 possessed CFA/II. The two most commonly isolated

serogroups which produced ST only were 0378 and 01128



(Bark et al., 1980). Other serogroups had also been
reported. 1In Japan in 38 outbreaks during a period of

a decade,occurrence of 016-Hi116 (LT, ST) 0311~H127 (ST)
03159-H:120 (ST) were reported (Mehlman and Romero, 1982).
In Indias, 021, 0211, 0217, 0236, 0138, 0144, 0159 and
0:125 were isolated from the diarrhoeal cases of infants

(Kumar et al., 1982), .

This type of information would be of great importance
to develop seroclogical pools for use in slide agglutinatio
tests that could b2 used for rapid simple diagnosis of ETE
disease and for epidemiological investigationg (Merson

(F) Adheeins as virulence attributes:

A non flagellated host specific filamentous appendage
and its significance was first described by Duguid et al.
(1955)., These non-flagellated filamentous apperdages were
calledeas»fimbriée by Duguld et al.{1955) and later were
called as pili by Brinton (1965), Now, since these
appendages were primarily involved in adhesions these are¢
termed as adhesins (Gaastra and Graaf, 1982). These
appendages are thinner and more numerous than flagella
and confer adhesive properties and haemagglutinating

activity to the bacteria. These fimbriae had been



clasaified into geveral typas based on their HA property
(Duguid et al., 1955, Brinton, 1965).

1

The adhesive propertiesand hacmagglutination pro‘pert;l
of type I fimbriae, produced by majority of E.coli,are )f
inhibhited by D.m'amﬁosc and are called maﬂnoée gensitive
haerragglqgination (MSHA). Thase adhesive properties

helped to c¢olonize the epithelial surfaces and thereforo
contributed to the pathogenccity of EPEC strains (Brinton,
1965, Brinton, 1967, Duguid and oOld, 1980),

In contrast to type I £imbriaze, another class of
E.coli fimbriae seemed to occur exclusively on ETEC. They
adhere to the intestinal epithelia of very limited animal
gpecies and specifically agglutinate only certain specias
of erythrocytes. In contrast to the types I fimbriae, tho
HA activity of {;hase adhesings was not inhibited by

D.mannc3e and are called mannose resistant haemagglutination

(MRHA),

fhese adhasins which occur exclusively on ETEC aro
surface aatigens which conferred adhesive properties to
the ETEC to colonize the intestinal epithelium of animals
and man. '!hgrfirst gurface antigen wag recognized in the
oedema disease and cnteritis of owine in 1961 (Orskov

8t al., 1961). A similar porcine antigen 987 was also



recognized subsequently. Among calves, a similar
antigen K 99 was reported in calf enteropathogenic

strain of E.coli (Orskov et al., 1975).

A surrf_&ée antigen with characteristics similar
to K 88 and K 99 antigens of animals was first described
in a human ETEC isolate made from a diarrhocal outbreak
in Bangladesh (Evans gt al., 1975). This surface a;xtigen-
was called CFA/I when a second immunologically distinct
surface antigen from human ETEC was discovered. The
gecond surface antigen was consequently termed CFA/IX
(Evans and Evans Jr., 1978). The human factoxr was also
able to colonize rabbit small intestine (Evans and Evans
Jr., 1978, Evans Jr. et al.., 1979). These structures,
were found necessary for the ETEC to express their full

pathogenicity (Evans Jr. et al., 1979).

The haemagglutinating typing system for ETEC with
CFA/I and CFA/II had been proposed (Evans Jr. et al.,
1979), The associ ation of CFA/I and MRHA of human and
bovine or human erythrocytes and of CFA/II and MRHA of
kovine erythrocytes had been established (Back et al.,

19805 Levine et al., 1980s and Deneke et al., 1981).

The location of CFA/I or CFA/II and enterotoxin
production on the same plasmid obviously explained the



plasmid borne characters and close association of both
the properties (Evans and Evans Jr., 1978y Levine et al.
1980), Controversy had creeped over the prevalence of
CFA/I and CFA/II in human ETEC strains and the necessity
of the same to manifest virulence and cause intestinal
colonization and immnological response (Levine gt al.,

1980).

One explanation for results of studies which
indicated a low prevalence of CFA's had been the loss
of CFA plasmids before testing (Orskov et al., 1976;
Gross et al., 1978). Alternatively other adherence
factors might be present in strains lacking CFA/I or
CFA/II (Deneke et al., 1979, Levine st al., 1980). It
waZs al so éemnstz:ated that six ETEC strains which caused
disease in humans did not cause MRHA of human bovine or
guinea pig erythrocytes and lacked CFA/I or CFA/II

(Levine et al., 1980).

They concluded that there éxisted in human ETEC,
other adhesion pilil not associated with MRHA ox other
surface gtructure that served as colonization factors
such as pol;;accharide, slime layers or lectins. Some
other attachment pili of ETEC differed in 'tir;eir HA
pattern from those of CFA/I and CFA/II. They were
physically and chemically distinct from previously



reported pili types (Deneké ot al., 1979). Demonstration
of a new adhesive factor antigen (E 8775) in ETEC of

serogroup 0:167 was recently reported (Thomas gt al., 1982)

The existence of colonization £ actor antigens in
Sspecific serotypes of E.coll had been reported. CFA/I
was found predominantly on strains of 0178 serogroup and
CFA/II was found predominantly on strains of 036 and 018
(Evans and Evens Jr., 1978), Other serotypes reported
with CFA/I were 0315, 0325 and 03163. Stralns belonging
to other O serogroups which had been found to possess
one of the adhesions -occasionally were also reported

{Gaastra and Graaf, 1982).

The CFA of humén. ETEC had not been used to produce
antis;era that were used for vaccination. Immunity to
ETEC was observed in human volunteers who were
rechallenged nine weeks after f£irst infection with ETEC
(Levine st al., 1979). The pili antiserum against K 88
was found to have no productive effect against ileal
loop dilatation. Hence modified method was required to

make pili antigen immunogenic (Molendo. gt al.., 1983).

(1) Klebsiella type I pili:

zgiebsiella pneumonia type I pili was found to




agglutinate guinea pig red blood cells (Fader et al.,
1979). The piliated phase of a urinary tract isolate
was found to cause exosion-of bladder epithelium and
appeared to have invasive type of pathogengci ty, With
the type I pili the organisms were able to mediate and
adhere to the epithelial cells (Fader gt al., 1979
Fader and Davis, 1980). However, these authors also
felt that the pili were not the sole virulence factors
of these organism. Apart from pili, T3 and T1 coliphage
receptors of the organisms also found to mediate the

adhesions (Pruzzo et al., 1980)

The agglutination of guinea pig red blood cells
by type I pili was inhibited by mannose (25 mgm/ml)
in PBS. Hence these pili agglutination were mannose
sensitive (MSHA). The MSHA, was a tool to detect the
presence of type I pili (Fader et al., 1979, Fader and

Davis, 1980, Pruzzo et al., 1980)

Intestinal isolate of X.pneumoniae was £ound to
adhere to human intestine cells. However, the adhesion
was least compared to buccal epithelial and bladder

epithelial cells (rruzzo et al., 1980)



(G} Plasmids as determinants of virulence:

Toxigenicity is mediated by a plasmid referred to
as 'Ent* and is transmissible to other strains of E.coli

and other members of the family Enterobacteriaceae also

(Brill et al., 1979, Twedt and Boutin, 1979). Toxigenesis
and other potentially virulent properties, like colonizatior
factor and hemolysin production, &re plasmid mediated in
strains producing only ST, LT=ST and LT only strains
(Wachsmuthu et al., 1979). Previous genetic analysis of
ETEC strains producing LT and ST had shown a plasmid
location for both toxin determinants (Wachsmuthu et al.,

1979).

(1) virulence and Antibiotic resistance:

Genes which code for antibiotlic resistance and
enterotoxin production were frequently transferred
together (Echeverria et al., 1978n., Echeverria and
Murphy., 1980, Echeverria et al., 1981). Resistance to
one or more antiblotics was noted for 72% of the
isolates) 44% were resistant to four or more antibiotics,
ETEC producing LT and ST, LT only and ST only were
frequently resistant to multiple antibiotics, When 25
of the 31 xe\sistant isolates were tested in bacterial

mating experiments, 80% transferred antibilotic resistance.



In 35% of the matings transferring antibiotic resistance
the abllity to produce enterotoxin was also conferred on
the recipients. Among the antibioties, tetracycline had
no effect on patients who were infected with ST producing

ETEC (Merson et al., 1980).

(I) Factors affecting production of Enterotoxins

A number of environmental conditions affect
enterotoxin production by E.coli (Sack et al., 197y
Evans et al., 1973bs Mundell et al., 19757 Greenberg
et al., 1977 Lallier et al., 1980). ’Production of ST
and LT is related to constituents of bacterial growth
media, pH of media, incubation time or age of the culture
agitation of the culture. Temperature and pH of culture
£iltrate had an effect on stability of LT (Mundell et al.;

1975).

(1) Labile Toxin broths

Several liquid media were compared for their ability
to support LT production. Casamino acid yeast extract
medium (CYE) was found to be suitable with pH at 8.2

(Mundell et al., 1975).

(11) Stable Toxin broths

Optimal ST production was obtained in 3% casamino



atd medium with added glucose (0.2%) and yeast extract
(0.06%). The optimal pH for ST production was 7.2 to
7.8. At this level maximum toxin production occurred
(Lallier et al., 1980). Milk as a medium for enterotoxin
production had been experimentally studied. Toxin
production was observed at optimal pH and temperature

range (Lovett et al., 19797 Glatz and Brudvig, 1980a)

(114) Age of the culture:

The age of the culture was an important factor in
LT production and ST production (Mundell et al., 1975)
and Lallier et al., 1980). The LT production was
maximum at 18 hours. Maximal yield of ST was observed
after seven hours of incubation under forced aeration

and agitation (Lallier et al., 1980)

(1v) Agitation and Aeration of cultures:

N

Agitation and aeration of the culture had a
gignificant effect on production of both LT and ST
toxins (Evans et al., 1973b, Mundell et al., 1975;
Greenberg et al., 1977; Klipstein et al., 1979;
Lallier et al., 1980). Maximum aeration in stationary
culture increased the production of ST and LT

(Klipstein et al., 1976)



Reports of production of ST by E.cold F11 (P155)
of porecine origin when cultured with agitation (150 rpm)
an@ forced =eration (Sﬁ per minutes) in a Casamino acids
yeast extract medium containing 0.2% glucose were
available (Lallier et al., 1980). Maximum aeration
increased the production of LT (Klipstein et al., 1976).
A simplified procedwre for production of ST was deseribed
by Gomes et al.,(1979). Low volume of medium per volume
in flat bottomed £lasks were used in stationary cultures.
In this method 1:10,000 merthiolate was used as a

preservative.

(v) Effect of antibioticsc

Presence of certain antibioties in growth media
might affect production or release of LT by ETEC.
Mitcmycin-C was found to have variable effect on the
production of LT (Evans gt al., 1973b; 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, 1982b).
The other antibiotics like Lincomycin 20/mg/ml and
Clindamycin {5 mg/ml) in growth media influenced the
production of LT (Brill et al., 1979).



(vi) Temperature range for Toxin Productions

The ability of an enterotoxd genic (LT+/5T+) E.coli
strain to produce enterotoxins in -the range of 15 to 50°C
was studied (Lovett et al., 1979). The optimum temperature
for toxin production was 35°C and 24 hours of incubation
wag necessary- to detect toxin at this temperature.
Departure from thiz optimum temperature in elther
direction delayed the appearance of enterotoxins. Alsﬁ.
no enteroéoxin production occurred when ETEC strains were
grown at 5 to 15°C in beef broth or milk (Lovett et al.,

1979).

3

(vii) Factors affecting Stability of Toxin:

(a) JTemperatures

When ETEC (H 10407) culture filtrates vere
heated at 60°C for five minutes, the activity in the
adrenal cell assay was decreased by one-third. Greater
than 90% of the sterlodogenic activity of the culture
filtrates _was lost after heating at 60°C for 15 minutes.
Culture £iltrates from E.coli H 10407 was stored at -70°C

for almost three weeks without an appreciable loss of LT



activity as measured by steriodogenesis (Mundell et al.,
1975).

(b) Hydrogen fon concentrations

When the pH was adjusted below six there was a
marked loss of LT activity (Mundell et al., 1975), An
optimum pH of seven for activity of partially purified
LT pathogenic for swine, was reported (Jacks et al.,
1973).

(viii) Purifigation:

A glmple ammonium sulphate goncentration was
shown to increase the activity of E.cold enterotoxins
approximately 20 fold (RobinsBrowne et al., 1982).
Nalin et al.(1974) had demonstrated that ammonium
sulphate treatment might disclose hitherto unrecognized

E.colil enterotoxins.

(J) Enterotoxigenic non~Escherichia coli coliformst

Recent_evidence had suggested that non-Escherichia

coli coliforms might be capable of colonizing the human
intestine and producing enterotoxins in high yield
{Twedt and Boutin, 1979). Whether these organisms were



newly capable of causing disease because of infestation
with e};tréchromaomal factors mediating pathogenicity

or simply because of inherent pathogenic capabilities

that had gone unrecognized, pose a puhlic health hazard
(Twedt and Boutin, 1979):; The enterotoxigenic material
elaborated by K.pneumonliae is heat stable and its molecular
weilght is less than 10,000 (Klipstein and Engert, 1975:).

Culture supernatants of strains of Enterobacter,

Klebsiella,— Citrobacter and Proteus had been found in

some laboratoxies to produce enterotoxin like reactions,
in tissue culture asséys, although they had not been
exténsively studled in the standard intestinal assays
(Sack, 1980). Enterotoxigenic E.gcoli and other Gram
negative bacteria of infantile diarrhoea, were studied
in detail with refererice to surface antigens,
haemagglutinins, colonization factor antigen and loss of
enterotoxigenicity. 1In this study non-E.coli bacteria
were found more often than was generally reported in
other stﬁdies on enterotoxigenic bacteria in diarrhoeal
disecase. The non=E.cold strains were generally moxe
labile entei‘di:éxin producers than E.goldi strains (Back

ot ale, 1980).



5. Current Methods in the Identification of

Er‘xterotoxigeniq coliformss

Many techniques currently exlist to determine the
presence of adhesins in E.cold (Evans et _a_;_,; 19783
Evans et al., 1979 Evans Jr. et al., 19797 Hadad and
Gyles, 1978y Levine et al., 1980) and to determine
whether or not enterotoxina are produced by a strain of
coliform (De and Chatterjee 1953; Dean et al., 1972
Donta et al.., 1974; Evans Jr. and Evans, 1977). The
demonstration of adhesins or pili is by haemagglutination
test (Evans Jr. gt al.+ 1979), serological test (Guinee
et al., 1976) and electron microscopy (Wadstrom gt al..
1978). The traditional methods generally involved the
use of test animals (De and Chatterjee, 1953y Dean
et al., 1972y Gienella @& M., 1976y Nalin et al., 1974;
Klipstein et al., 1976). Newer simple methods by employing
tissue cultures (Donta et al., 1974r Guerrant et al., 1974)
and serological tests (Evans Jr. and Evans, 1977y Greenberg

et al., 1977) are available for LT estimation.

While the earlier bloassay methods appeared to bs
specific and sensitive they were often difficult to do,
expensive and results were not quantifiable (Brill et al..

1979), FPurther more with tissue culture assays viable



cell culture must be maintalned and the results were
often quite subjective (Brill et al., 1979). The aim
of routine testing for LT, required a simpler, more
sensitive and more direct method of testing stool

specimens (Tenney et al., 1979).

Newer in vitro systems were simple to do and more
'Senaitive than the older biocassay systems for LT estimation
(Greenberg et al., 1977y Levine and Rennels, 1978y Tenney
et al., 1979y Brill gt al., 1979). The staphylococcal
co=-agglutination technique had potential for routine use
in diagnostice 1laboratory, although it wag not as sensitive
as the radioimmunocassay (RIA)r enzyme linked immunosorbent
assay (ELISA) or passive immune haemolysis (PIH) (Kornacki

and Marth, 1982b).

In the estimation of ST, the older conventional
bio-agsay system had not been replaced by the simpler
newer, serological tests, as the toxin could not
elucidate serum antilbodies (Glanella, 1976 Burgess
et al,, 1978y Moon et al., 1978; Robichaud gt al., 19787
Olsson, 1982).Modified bioassay using rabbit model f£or
LT estimation had heen a recent study probably because
of its consistency (Moon gt al., 1970, Burgess et al.,

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, 1980).

(A) Demonstration methods of adhesins:
(1) Haemagglutinationt

Colonization of ETEC was mediated by specific
type of fimbriae K 88, K 99, CFA/I, CFA/II and a new
fimbrial aitigenic type (E 8775) common pili. These
were antigenically distinct and each of these was
haemagglutinin identifiable according to the species of
erythrocyte agglutinated (Duguid et al., 1979; Evans Jr

et al., 1979; Thomas et al., 1982).

{a) Red blood cells:

Haemagglutination typing pattern for ETEC possessing
CFA/I and CFA/II had been proposed (Evans Jr. et al., 1879).
CFA/1 was found to agglutinate the Human A bovine and
chicken red blood cells in MRHA pattern. CFA/II positive
strains exhibited only MRHA with bovine and chicken red
blood cells ?E%ana et al., 1979). Mannose sensitive
‘haemagglutination of guinea pig cells were used to
demonstrate type I somutic pili. Human A cells for CFA/X



and bovine cells for the CFA/IX were only used.in
later study (Levine et al., 1980).

{b) Media for expression of adhesins:

Colonization factor Antigen (CFA) agar was
preferred for expression of pili assocliated with MRHA
while 1t was unfavourable for type I and somatic pili.
Static Mueller Hinton Broth cul tures offered optimal
growth conditions for expression of type I pili (Evans
et al., 1978y Evans Jr. gt al., 19797 Levine gt al.,

1980).

(c¢) Temperature of the test:

MRHA was carried out at 24°C and 4°C with human
and guinea plg cells and at 4°C with bovine cells
(Evans et al., 1978y Evana Jr. et al., 1979 and

Levine et al., 1980)

(d) Method Qf the tests

Various methods had been demonstrated in the
haemagglutination test. A method using depression
tiles and rocking it at 20°C with bacteri al suspension
and red blood cells was demonstrated (Duguid et al.,

1979). Slide agglutination test was also made use of



in the demonstration of haemagglutination (Stirm et al.,

1967y Evans et al., 1978;1 Levine'g_gg;_.. 1980).

Another method of micro haemagglutination test
using microtitre plates was evolved by Jones and Rutterxr

(1974).

(11) g_ggl’gt‘:l.nation test:

Agglutination tests with antipili monospecific
antiserum after absorption of the other non-specific
antibodies had been widely used, to detect the pili
antigens (Guinee. gt 2l., 1976y Evans et al., 1978).
Plate agglutination tests and slide agglutination tests
were used to determine this serological reaction

(Guinee et al., 1976y Evans et al,., 1978),

(114) Indirect fluorescent antibody technique (IFAT)

The serological test using immunofluorescent
procedure for the detection of eneteropathogenic E.cold
in soft ripened cheese was attempted with E.coli 01128~
B112 (Yoger and Kershaw, 1974). The authors, however,
concluded that in naturally occurring E.cold, this‘
procedure was not successful in cheese samples. Detection

of bovine EPEC from dung smears by indirect fluorescent



antibody technique had been standardized (Hadad and
Gyles, 1978).

(41v) Electron microscopyt

The pili or adhesins are long and very thin
structures having diameters between 3 and 25 nm, and.
hence electron microscope alon_e could be used to study
this gppendage. The pili associated with colonizing
factors of human ETEC was studied under electron

and
microscope £oxr their hydrophobic atBorption property.

Wadabrom v ok 12180
(B ) Assay of Escherichia coll enterotoxinss

(1) Heat labile enterotoxins:

Originally LT was tested by its capacity to
cause fluid accumulation in the small intestine. Later
suitable cell culture assays were developed, Since the
labile toxin is antigenic and purified products are
available serological methods had been introduced (Donta
et al., 19747 OGuerrgnt gt al., 1974y Evans Jr. and
Evans, 1977; Greenberg et al., 1977, Raskova and Raska,

1980).



(a) In-vivo assays
Ligated intestinal loopst

These methods were derived from the biological assay
of cholera toxin, the main criteria being, accumulation
of fluids in the ligated loops of intestine. The rabbit
model was used by the 61:1ginal authors to develop this
system (De and Chatterjee, 1953; Burr6WS and Musteikis,

1966). Escherichia co;i of human and animal origin

caused fluid accumulation in the ligated loops. The
interval of 18 hours between LT containing filtrate
administration and fluid accumulation was found optimal
for the assay (Moon et al., 1970, 1971y Evans et al.,
1973p., Raskova and Raska, 1980; Richard gt al., 1982j
Pitarangsi et al., 1982). 1In the interpretation of
results, wlume to length ratio of fluid secreted to
the length 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 assays

Intradermal injection of filtrates into rabbits,
followed by intravenous administration of Evans blue
produced permeability changes of rabbit skin in the
positive LT assay (Ewne Jr. gt al., 1973b).



Infant Rabbit assays

Oral feeding of enterotoxic filtrates to infant
rabbits (upto 14 days of age) as in the infant mouse

test assay for ST was recommended by Burgess et al.(1978)

(b) 1In vitro assayt

Tissue cultures

Adrenal cell mono layers (Donta et al., 1974) Chinese
Hamster Ovary cell culture (Guerrant et al., 1974), vero
cell culture from African Green monkeys (Starvic et al.,
1978) had been used in the LT assay and the gytotoxicity

studied.
Serological methods:

Passive imnune haemolysis (Ewans Jr, and Evans, 1977)
sclld phase radioimmuno assay {Greenberg et al., 1977)
and enzyme-linked immunosorbent assay (ELISA) (Yolken
et al,, 1977) had been elaborated. The passive immune
haemolysis test was found unsuitable for LT identification
produced by strains of porcine and food origin (Serafim

et al,, 1979).



Stapylococcal co-agglutination tests

The beneficial utilization of the immunological
cross reactivity of the LT and cholerogen had resulted
in a simple and cheap test called staphylococcal
co-agglutination technique. Protein containing
staphylocei '(Cowan I strain) sensitized with anticholerqgen
was agglutinated by heat labile toxin of ETEC (Brill et al.,
1979).

(11) Heat stable toxin:

(a) Biocassay:

Originally ST was discovered using the ligated
small intestine loop (Smith and Halls, 1967a), Since
then, ma,nylbioassays in different models had been evolved
(Pean gt al., 1972y Evans et al., 1973a; Kiipstein et al.

1976).

Infant mouse test (IMT):

With slight modlification of the original procedure,
this test had been used by most investigators (Dean et al..
1972). The culture supernatant or broth contalning ST

was injected intragastrically 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 was estimated and interpreted with the ST

values (Glanella, 1976y Olsson, 1982).

Agsgsay of the toxigenecity with diarrhoeal score
index at 37°C had also been evolved (Moon et 3al., 1978).
The limitations of the infant mouse test for estimation
of gﬂggii STb (ST 2) was studied and the test was under
scored as a mean of detecting ST in porecine isolates
of E.coli (Gyles, 1979). This test was evaluated as 50%
sensitive when compared to rat perfusion technique
(Klipstein et al., 1979). However, this test had been
used in detecting the E.coli strains of other species.

A simplified ST preparation for the mouse test had been
propoged by 'Gomes et g;_.(zs 79)s This 'IMT had been used
by many workgrs successfully (Whipp et al., 1975y Kapitany
et al., 1979) and had been a preferred method (Burgess

et al., 1978).

Rabbit ileal loop technique (RILT):

——

This method since its introduction by De and
Chatterjee (1953) had been used by many workers for
asgsay of enteropathogenicity of various organisms

(Burrows and Musteiks, 19663 Smith and Halls, 1967ay



Sack et al., 1971y Lariviere gt al., 1972y
Pit.arangsi gt al., 1982), The preparation of rabbit
and the anaesthetic techniques using intravenous and
other parental techniques had been reported (KaplQn
and Timmons, 1979). The response of lapine ileal loop
to enterotoxin, after six hours, was accumulation of
clear, full of mucus and hon-haemorrhagic flu:}.d
(Ssack et al., 1971).. The fluid accumulation at the
end of sixth hour after administration of the toxin
was measured and the volume of the f£luid (m&) and the
length of the intestinal loop {(cm) was measured, I£
the ratio of £luid ;;olume in nL to length in cm was
0.5 and greater, the test was considered positive
(Moon et al., 19707 Evans et al., 1973ar Gyles, 1979).
| A fluid volume to the length ratio greater than 0.3
was also considered positive (Robichaud et al., 1978)
The maximal response of fluid volume to lengthr atio
had been upto 2.75 depending upon the size of the
rabbit {Sack et al., 1971).

The rabbits were considered four times sensitive
than pigs _on the basis of dry weight of the intestines
(Moon et al., 1970)., For other toxins, the rabbit
ileal loop method was so far the preferred method of
establishing enterotoxic activity of various micgoorganisms

(Raskova and Raska, 1980r RobinsBrowmeet al., 1982).



Generally 10 mgm of crude material had been found
necessary to evoke intestinal response in ligated
.i'ntestinal loop (Kiipstein et al., 1977). ‘The antipili
antibodies to non toxigenic E.colf did not inhibit tho
f£luild secretion, in the immunized rabbit i:lgate.\,d loopa
when EPEC live cultures were inocgulated. But antibodies
against EPEC was found to inhibit, the f£fluid secretion
in the ligated loops when the live cultures were
inoculated (Molenda et al., 1983).

The atable anterotoxins of Xlebsiaella pneumoni.aa

ZEnterobacter cloacas, Aeromonas hydrophila and
Plesiomonas shigelloides had been assayed in RILT
(Klipstein et al:; 1973, Klipstein et al., 1975
Klipstein and Engert, ’1975;:' Klipstein et al., 1977
Klipstein gk al., 19797 Pitarengsi gt al., 1982).

Histopathological studiest

Tissue sections of rabbit ileal loop seven hours after

challenge with Aerom?{xas hydroph{la (Pitarangsi et al..1982)
tissue sections of the rat jejunal segments after perfusion
with Klebsfella enterotoxin (Klipstein et al., 1975) and of
intestines of calves after inoculation with ETEC and Rota

virus (Teipori et al., 1983) after FiXing in 10% buffered



formalin and staining with hasmotoxylin and cosin had

- been studied for histopathological changes.

Histopathologically, the enterotoxin (ST) had been
reported to cause broadening and blunting of villus of
the rabbit intestine along with other pathological
changes (Klipstein et al., 19757 Pitarangsi et al..

1982).
Infant rat models

To suit pathophysiological studies a slightly
bigger animal model than infant mouse was developed
for a>ssay of 8T, ST had bsen found to cause fast
onset of diarrhoea in the infant rat in contrast to
slower and longer acting LT. LT did not react in the

infant rat model (Kutas and Kovats, 1979).

Rat jejunal perfusion technique:

t

Heat labile and heat stable toxins of E.coli,

Kl ebhsiella and Enterobacter cloacae were identified.

The toxins induced net water secretion into the

perfused .Elntestine (Klipstein et al., 1976, 1979).



Dog loop assays

The test used small intestine loops of dogs.
Concentrated ST filtrates had to be used and net
absorption measured. ST activity was observed within
20 minutes after administration, whereas LT activity
appeared after a lag period of 4«6 hours (Nalin
et al., .1,9,,74)

Human buccal adherence tests

Demonstration of .adherence to buccal epithelia
by ETEC of human origin had been described as an assay
procedure for ST (Thorne et al., 1979¢ Panhotra and

Agarwal, 1981).

(C) Antibiotic sensitivity assays

The disc diffusion test method was used in 99
percent of the laboratories in Britain daring 1970
(Cruickshank%?Q']S). In this test, small absorbent
paper discs impregnated with known amounts of
antibiotics ;ve_re placed on an agar culture pl ate
that had been seeded uniformly with the bacteria of
the isolate to be tested. When the test conditions

are standardized, the zone of inhibition was inversely



3

related to the minimal inhibitory concentration (MIC)
of the antibiotic. The clinical interpretation
(resistant; sensitive or intermediate) of the zone
gizes wag based on its MIC susceptibility value as
determined from tube tests (Bauer gt al., 1966;
Cruikshank et al., 1975)

The sensitivity of the members of coliforms and
tox” E.coli had been assayed to various antibiotics
(Echeverria et al., 1978a; McConnell et al., 1979;

Echeverria et al., 198l1).



CHAPTER Il



CHAPTER IIX

EXAMINATION OF RAW MILK AND ITS ENVIRONMENT FOR COLIFORMS

(A) Introduction

Raw milk was defined as milk which had not been
treated by heat (Harvey and Hills, 1951). The coliforms
in raw milk produce product quality deterioration, and
cause pubiic health concern (Richter, 1981): Routine
quality control examination of raw milk in the dairy
industry is confined to the examination for coliform
count per ml of milk without identifying the source of

contamination and the members of the coliform group.

Heat treatment of raw milk after production at farm
is done at the processing plant. The point at which the
coliform standards applicable for raw milk had not been
specified‘(Indiaﬂ Standards No., 1479-Part III-1977).
These coliforms were being considered as an indicator
organism, of insanitary practice, in the production

process and mainly concerned with E.coli and Aerobacter

aerogenes (Foster et al., 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 currently given nomenclature as



Klebisblla pneumoniae (Collins and Lyne, 1970; Edwards

and Ewing, 1972, Buchanan gt al., 1974). The two other
members of the group which had not been studied in detail

are Enterobacter cloacae and Citrobacter freundii.

This study is an attempt on different farm environmental
factors that contribute for coliform contamination into
the raw milk and the relative oonstitution of the individual
members in the farm environment. An attempt has also been
made, to correlate éhe existing suggested Indian Standards
No. 1479-Part III-1977 to the stage of production ad handling
of raw milk, and also set an acceptable or tolerable standards

of commingled raw chilled milk at the dairy dock.
(B) Materials and Methods

(1) Selection of farms:

The visits to the farm were for comprehensive studies
including milk and its environment and also to a specific
study related to the raw milk alone. Factors like easy
approach, local facilities for preliminary bacteriological
work, hyglenic practices followed during milk production
in farms of private and public sectors, were taken into

consideration, While selecting the farms. No prescribed



standards were available to evaluate the hygienic
practices in the farm. However, visual examination

and other organoleptic judgements were used to grade

the farms and milk to group A, B and C before saﬁpling
based on the guidelines suggested by Barber (1962).

The group A consisted of commercial farms where

sanitary practices were given second preference to the
production and despatch of milk. The group B consisted
of farms of organized sectors where technical supervision
was avallable. The sanitaryrpractices were moderate,
Group C consisted of farms where sanitary practices were
experimentally imposed during the sample collection,

which included one of the Group B farm.

(11) Choice of samples on random and non random bRsiss

Usual¥y attempts were made to take samples on
random basis as specified by Indian Standards No, 1479~
Part I-1960. Choice of samples from specific cases like
healthy animal with healthy udder, air sampling at a
place where milk would be exposed to air borne‘dust
contaminations water used for rinsing the egquipments
were taken on non random basis. The milk bearing

utensils and the milking personnel were selected on



random basis to the extent necessary (ICMSF, 19747

Harrigan and McaCance; 1976).

(111) Environmental samplings
(a) Aixs (Anon, 1972)

Sampling for airborne microorganisms in dairy
farms were taken from the milking yard; weighment room
and milk pooling areas. Splashings and spillages were

carefully avoided during sampling.

The slit; sampler (CF Casella and Co.., England) was
used as an equipment of choice:. The number of particles
carrying coliform bacteria per litre of air on MacConkey's
agar waé enumerated on incubation for 24 hours: Wherever
the slit samplers could not be transported the settle
plate method by exposing MacConkey's agar for 15 minutes
was.adOpteda. After 1ncubafion of the plates the developed
colonies were counted and the result expressed for 15
minutes exposure or number of colonies present in 150

litres of air.

B

(b) Farm waters

A

-

The sampling procedure for chlorinated and non

chlorinated ‘water were as per the procedure of .
_ -



iAnoﬁ( 1975). The multitube technique using brilliant
green 'bile broth was employed for the presumptive

coliform test, wherever few numbers of bacterla were

suspected to be present dus to chlorination. The most

probable number (MPN) estimates using three tube
technique table suggested by Collins and Lyne (1970) was
followed. The presumptive coli test by plating out 3 ml
and 2 ml of water samples, on coyarsl violet bile agar
.(MﬁBA)-with overlay was also carried to pick out the
isolates (Har;igan and McCance, 1976). After 24 hours of
incubation the results were expressed as MPN of coliforms

per 100 ml in the multitube technique.
(c) Farm utensilss (Indian Standards No. 5253 ~ 1969).

Thé surface samples of cans and milking paills were
taken with cotton wool swabs moistened with 25 ml quarter
strength Ringers’ solution. The surface samples were
approximately limited to 100 sq.cm. instead of 900 sg.cm.
as prescribed by the Indian Standards No.5253-1969. For

"serjal dilution to pour plates buffered dilution water

suggested by Richardson et al.(1980) was used.

. Stock phosphate buffered saline (PBS)s

Thirty four grams of KH, Po, was dissolved in one



litre of pyrogen free water (pH 7.2). The stock solution

was sterilized and preserved.

Mgcl2 stock solution:=-38 ¢ of Mgclz was dissolved
in one litre of distilled water. After sterilization it

was preserved;
Buffered dilution waters:

Stock PBS 1.25 ml

Stock Mggl2 5.00 ml
Distilled water to 1000 ml

)

The buffered dilution water was dispensed and
autoclaved in the required quantity for dilution
purposes. grystal Violeéh%ile Agar (URBA) was used
for plating. The colonies were counted and the results
were computed and recorded as per the procedure suggested
by Richardson,gﬁrgig(lQSO). The results were reported

as numbsr per 100 sq. cm of the surface swabbed.

Rinse method with quarter strength Ringer's solution
was also adopted as described by Indian Standards No. 5253
1969. This method was adopted wherever the farms were
nearer to the laboratory. The counts were recorded as

coliform counts per litre capacity of the vessel.



Coliforms not more than 10 per litre capacity were
considered satisfactory. Coliform count over 10 to
100 per litre capacity were considered fairly
satisfactory and coliform count over 100 were

considered unsatisfactory.
(d) personnel (Milkman‘'s hand)

Roughly 100 sq. cm. area on th9 palm and forearm
of the milkmen were swabbed just prior to hand milking
as described for utensil swabbing. The swab was
processed as already described and the counts were
recorded@ as number of coiiforms present per 100 s¢. cm.

area,

(e) ZTeat swab (Rendos et al., 1975)
The teat ends of the dairy cows were swabbed and

the swab washings were procesaéalin the pour plate

method using ¥RBA. The number of organisms present per

teat end was recorded.

The break up figures of environmental sampling are

furnished in table 1.
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&¥) Sampling of milk (Indian Standards 1479 = Part I - 1960)

The milk was collected atleast from two quarters from
a cow in a sterile contalner, after letting down four
streaks from each teat. The pooled milk in cas and
canningled milk in road tankers were sampled after plunging
to take a representative samples of the bulk. The
particulars of milk sampled for the study are furnished in

table 2,

(V') ZTransport and examination of samples:

After proper labelling with indelible ink on adhesive
tapes the milk samples were packed in polyethelene water
proof bags and preserved in ice during transport to the
1l aboratory. The 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 milk (Indian‘Standards No.1479~
Part III, 19627 Collins and Lyne, 1976). The commingled
milk sampleé were also plated out for standard plate count

in plate count_agar (Difco).

(vi) Statistical methods for selection and examination

of Bacterial cBlonies: (Harrigan and McCance, 1976)

Every colony on the plate wag selected when the
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numbers present were roughly equal to number required

' to be examined. Whenever the number of colon;es required
to be picked out wrere leas the Harrison's disc (1938)
was used, All ¢olonies occurring in the area 1 of the
disc were picked out for examination. Whenever this
number was insufficient, the colonies occurring in areas

2, 3 and 4 were picked out for further studys

(vii) Preservation of the igolate for further study:

The icolonies picked out from the pour plate
cultures, were streaked on Eosin Methylene Blue Agar
(EMB Agar). Atleast five typical E.coli colonies and
non E.a@li colonies were inoculated in Casamino acid
yeast extract medium (CYE) with 15% glycerol and frozen
at «10°C in partial modification of the procedure
suggested by Evans gt al.(1977). For routine use, stock
cultures were kept in 2% psptone agar Stobs after paraffin

sealing of the cork.

(viig) Identification of cultures:

The stock cultures in the paraffin sealed stubs
were plated out on a non inhibitory media, like Tryptic
Soy Agar (Difco, Detroit) and subjected to conventional

tests (Edwards and Ewing, 1972) primarily in the patterms



of tests suggested by API 20E system, The medium for
the tests vere prepared and primary colony characters
on EMB agar, motility test with H, S production (Difco,
media) decarboxylase reactions, indole production,
Simmons citrate utilization phenylanine deaminase test,
ureage test and inositol fermentation were studied for
identification purposes,

i

,{C) Results and Discussion

't

(1) Farm airs'

The resuits of the air sampling is presented in
table 3. 7The coliform counts were found varying from
source betwée; A and B, Aand C and B and ¢. The high
coliform couné in source A indicated that there was
much bodily movement of animals and/or other disturbances
resulting in the presence of environmental dust (Anon,

1972).

Reports prescribing standards of coliform density
in the farm air -are scanty. The total coliform load in
the 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 E¢dell; 1970f ¥Fiser and
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Svitavsky, 1975, Rondinni, 1982). Since the coliform

load represented around 5% of the aerobic viahle counts

in the earlier studies norms for air borne coliform load

were now fixed at 5% of the aercobic viahle count. -As

the APHA (Anon, 1972) suggested a wide range of 4.5 to

50 bacterial count per 15 minutes exposure or one cubic

foot of air, the 5% of the higher value in the range was

taken intod considerat;gn to set the norms. So & satisfactory'
norm would be the presence of less than three coliforms per |
15 minutes exposure or 150 litres of air. Value over 3 and
upto 10 was considered fair and above 10 warranted

investigation as to the cause for high aeromicrobial load.

In this study, the source A was over stocked with
milch animals ard had mixed farming within the same
premises. The dung was not removed frequently and the
animals were let loose in the same area till the milking
operations started4tesultin§ in much bodily movement of
animals. In the study group B the animals and the flcor
were not washed before milking though the environment was
comparatively clean. In the study group C the f£loor and
animals were washed before miiking and movements of
animals were restricted. Otherwise the flooring of the
milking yard and feeding schedules were similar in all
the three study groups. Probably the dust free condition



\ o,
in the group C had resulted in low count though there

was no Separate milking parlour. A clean ideally built
milking parlour might further reduce the coliform fall

cut in these farma,

In this study, the fall out varied from 10 to 75 in
15 minutes exposure of 100 mm plates., Assuming that 20
to 150 coliforms settled in 200 mm diameter neck of the
milk can or pail, it could be calculated that the aerial
contamination of milk would be very negligible as compared
to other sources of contamination as was also observed by
Benham and Bgdell (1970). However a study on the coliform
bacteria in the air o!ﬁ -7a farm with calf septicaemia
revealed high E.goli count (80%) among coliforms (Jagquet
and Chiki, 1977). Such c}rc\mstances warrant a need for

aerosal Spray with sanitisera to xill the probable

enteropatiogenic E.goli serotypes.

¥

(41) Parm waters

T

The most probabie number (MPN) coliforms per 100 ml

of tap water and stored water is furnished in table 4.

The results in the study group AR and AC were
statistically highly significant. Though the tap water

had high coliform count the stored water had no coliforms

'1‘.



(10°0>a) 23uediITubys ATUBTH :(OV) QN x4«
{10°0>d) IueoTITUbTs ATUDTH t(EY) QN »»
ejwTAsp TPUION ¢ an

X1030p3s5TIRG ~ TW QOT/0G UeYl SS3T FTo0 2apadumeaxd § DBUTPRID

Kzo3zoezstiesun  Kxo3deystieg »¥0L oy v o
Xzo30e3sTiesun Kxojdegsyjesun »xIPT zL v g
Xzoj0e3sTies Kxojoezsizesun N | »x0SP 14 4

@

- e e e M e T T T e T ) iy S, D e e DD __aw__ae M. m Ly wm @m mp B M @» e SW e e @ e
- - T - - - - . .
....1

——r

I938M POIOAS To3en dey, Iojem polols — Iojem del L T T T
. TW 00T/Naw
xBuTpexo enbruydey oqNITITN

- em an S5 An B WP D ML B @ T Gl M AP G G YD on EP D W TP 4 Wk G an Gn G an TP an % @ e an an o W

SHTANYS MWILVM NI INNOD WHOJIIOD FAILANNSTHA NVAW

¥ eTqeL -



in study group A. The optimal chlerination and
cleaniiness of tank without organic matter. ajded in
the reduction of coliforms in this group. El therx a
dnaufficient chlorination, or the cbvious preseﬁ%e é!’.
organic matter would have been the reason resulting 1n
the incraease in numbers in the group B and C. Much '
attention ®© chlor;nation of water was not paid in the
experimental grouﬁ C as“the subseyuent sanitation of
water with lodophor at 75 ppm was planned for rinsing
the milk pails, washing the milker's hand and teats, <
The addition of water iﬂiéwihe/hiik{ either from sources
of tap water or fram the stored water in groups (B and
C) for the purposes of adulteration, would have resulted
as an inoculum for coliforms and pﬂychfétrophs ( Thomas,
1958 Palmer, 19807 Cousina, 1982). Hence contaminataed
_water might not be a major source of bacterial contami—
nation to milk uniess such watex was added deliherataly
into milk a3s was also considered by Palmer (198C)., The
contaminated water if used for washing and rinsing of
farm utensils W1thoht sanitization would be a source of

Wt

contamination to the milk. S

o :

Chlorination of water to the optimal extent might
destroy all the coliforms (Clark, 1962). Howaver tha

high eliform count in the tap water sources in alil



the farms shéuld.be investigated into as it might
indicate manure pollution or damage to the walls of

the bulk storage points permitting seepages

{(Cruikshank éghgl.. 1975). The very recent study by Walsh
and Brissonngtte (1983) haa thrown light on the effect
of chlorination on the enterotoxigenic Escherichia gggé_
(ETEC). Even insufficient chlorination at the rate of
0.5 to 0.75 ppm of available chlorine might damage and
cause subleﬁLal injury to ETEC. Such a sublethal injury
démaged the surface adhesins leading to less adhesive
-property in ETEC. Their study which was oriented in the
recovery of}the.injured’ETEc from the chlorine treated

water had oﬁened a new path of research in water sanitation.

(114) Parm utenailss
‘ =

The résults of the ringse test of milk pail;andamilk

can in the study group A, B and C are presented in table S.
The statisﬁkcal analysis had revealed that the results are
highly significant in the milk hygiene aspect of the three
groups. The milk contact surfaces of the eguipment or
utensils where the milk invariably got into contact

either dur%ng'htorage or transportation were the major #
sources fo% the contamination of coliforms (Mabbit, 1980b).
The 1mporténce had been emphasized by public nealth
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authoritie.‘.ﬁ like American Public Health Association {(Anon,
1972) and National Standards Institutions (Indian Standards

No. 5253 -.1969).

|

In the present study the milk pail and milk can of
source A hj%d contributed millions of coliforxms in the milk.
This could-‘!' be a major source of bacteria in ex-farm milk
(Mabbit, 1980by Gehriger, 1980y Fluckiger et al., 1980).
Though the level of contribution was less in the source B,
or ‘compara;tively very meagre, yet their multiplication in
the milk q';ould pose problems if the milk was not chilled
immedi\ate]?;;y (Gehriger, 1980; Cousins, 1982). The absence
of c;olifoﬁfms in the milk pail of group C indicated the
cleaning é"}’nd sanitization efficiency with iodine compounds.
The unsat%sfactory grading of milk can in group C was due
to the cléaning and attempted sanitization by an another
agency which was responsible for collection of milk.
Though mechanized detergent cl eaning and hot water
sterilization were available in the ¢an washers of the
organised; dairy industry which had collected milk, the
result hé‘d indicated that the process was not satisfactory.
So 1t could be suggested that all the milk collecting
utensils.': should invariably be sanitized either with
acidif:l.e'gi chlorine in the concentration of 500 ppm of
chlorineﬂ or 75 ppm of iodine or 100 ppm of hexachlorophene

[
(Hansen,! 19733 Palmer, 1980). When such practices were



adopted, baq}eriological quality of farm bulk milk tanks

‘showed much ﬁower bacterial count (Palmer, 1980).
|

(iv) mMilking personnel and teat of the cow:

The rasults of the swab test of the palm and the
forearm of t'lhe milking personnel and swabstest results
£rom four t?ats are presented in table 6. Statistically
the resu].ts,? are highly ’ significant between A and B, A and
C and B anc';"j C. The standards furnished by Harrigan and
McCance (1§76) for the milk contact surfaces had been
suitably mg'fdified to cover the test results as there were
no other a{iailable standards, The surface area covered
while swabg.ng were extended to an area of approximately
100 sq. cms.

|
}

In tl‘%}‘e study in group A, no cleaning and subsequsnt
sanitizati!;m of the hands of the milking personnel and
teat were |belng followed, as this group was a commercilal
one. 'mis commercial group shc;wed urgency in all aspects
including|trangportation of raw milk to the star hotels
of the ci:ty by their transport vans. The study group B
followed :,aanjl.tization programme with commercial iodine
preparati_fbn. However it was lacking in thorough cleaning

of the hE}nds of the personnel, animal and udder surfaces,

In the gxt;foup C attempt was made to clean and sanitize
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the hands of xgéersonnel and teat of cow with iodine at
75 ppm. Howe'}ver the drying of udder with a clean towel

or diSposable/ paper towels was not taken up.

PhosPhor.fic acid and iodine combinations were in use
in the dairy industry since a decade, Normal milk
contains dao;.t 165 ugm. of iodine per litre of milk. A
farm survey ':iln Australia reported values upto 346 ugm
per litre where sanitization agents containing iodine were
used in the [farm (Hemken et al., 198l1). Recent fear of
the fodine hazard to human health had been proved to be
unfounded sgl.nce the daily intake of icdine to the extent
of 100=300 }"uqm.is needed for a healthy adult. The peak
concentratigon in the dairy environment after dipping or
spraying tl;‘xe teat with 5 g-available iodine per litre of
water causéd 0.645 ngm, geséed per litre of farm air. This
level rema;f].ned below the recommended maximum of 1 ugm
per litre of atmospheric air in dairy establishments.
Hence thié also proved to be of no hgalth hazard by the

[}

way of in}halation (sheldrake and Hoare, 1982). The pre=

milking a{_’nd post-milking teat dipping or washing not
only improved the milk quality but also reduced the
intramammary infection rate by 50% (Cousins, 1972%
cousina,i' 19795 Sheldrake and Hoare, 1982).
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an-iogoform cleaning methods or teat dips were
-associated with low iodine concentration in milk. An
acidif;ed chlorine sanitizer (500 ppm) with an alkali
(Hexachlorophene 100 ppm) may be used as was suggested

B
by Hansen (%973) and Hubble and Mein (1981).

The éq?ence of drying of the udder with sterile
towel or pé%er towels wag a shortfall in the complete
sanitizatid% programmes 1ln the farms of group C. .This
could havefg en the reason for encountering the coliforms
in the hanés of the personnel as well as teat surfaces,

A method sﬁggested by Golton 95,3;.(1962) for the pree
milking udéer preparations would have helped in the

total absegce of coliforms in the udder surface and hands
of personn?l in this study. The authors had used
prepstall kforcing of 19 1itres of air per m@nute) and
drying wiép,paper towels. They concluded that clean and
dry teat éhrfacés ensured high bacteriological quality of

milk. _
;

(v) Raw individual milk and raw oled milke

ﬂ—-—r———*—————————~—-———~—Eg———~w——~—

The ?oliform content of indi{vidual cow milk and
1

pooled mi‘k samples are furnished in the table 7. The
i |
low coliform count encountered, indicated the absence of

subcliniéél mastitis in the cows examined which is in
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agreement wﬁth the finding of Rao and Nambudripad (1978).
JThe statistﬁcal analysais revealed the highly significant
data between A and B, A and ¢, and B and C. As far as
compliance with the apecifications of Indian Standards
Institution{No.1479 - Part IIT ~ 1977 only the individual
milk samples of group C conformed to the standards, while
none of thehpooled milk samples complied: Similar data on
the achieveb levels with pooled milk were also reported
under Indii:jin conditions {(Gahlot et al., 1975; Singh and
Ranganatha%? 1978), as well as from abroad (Rangasamy,
19803 Kaquénov and Gogov, 1977): The Indian standard
would howeéer apply when the milk was drawn f£rom the udder
after letting down the first four or five streaks to flush
out the ba%texia in teat canal as it was obtained in the
group C. ?

1

In.thia study coliforms were present at the teat
ends in the range of 50 « 32000 per cow i.e., 12 < 8000
per teat ;nd (Table 6). Tolle (1980) also observed that
1f milk wés removed from the gland or teats of a healthy
mammary giand by aseptic puncture of the wall or by
surgicalli,Iﬁblanted catheter system, sterile samples
could be ﬂbtained. The contaminating source at the
animal point should be the teat ends: Rendos et al.(1975)

|

reported,%hat with different types of beddings, the



organism varied from 8 = 127 per teat end which included

l - ll‘KlebsiélLa also. Hence at milking level the primary
sources of cogtamination could be the teat ends. The next
source would ge the milkers hands which carried a mean
3,600 colifof?s in this study in the group A farms

{Table 6), wﬁéreas in a similar study, 0.26 million of
bacteria were added from a milker's hand when they were

rinsed in 200 ml of sterile milk (Smythe, 1960).
i

!

So the ﬁre—milking teat dips with solutions of
sj :
chlorine, iodine or hexachlorphene would yield a quality

milk of goo% bacteriological grade. A detailed study
on the effedt of using different udder washes on teat

microflora ?as made by Hansen (1973).

l
As far as the milking techniques are concerned the

|

ideal milking should include avoiding of moistening or .
wetting thé hands with the first few drops of milk and

J
touching the milk contact surfacea of milking buckets

or pails. }The milker should wash his hands and arms

thoroughlj}with soap and sanitize with antiseptic

l

solution ﬁricr to milking (Palmer, 1980).

The $ilking vessel and cans were the next points
!

that shoq%d be given importance in producing milk of
high bacteriological quality. The possible addition of

e



coliforms from]' utensils is presented in table 5, Mabbit
(1980b)and Pa‘lmer (1980) considered that the equipments
were frequeni:}ly the main source of bacteria and an
effective clejaning and sterilizing routine would keep

the bacterial’ density lass than 1000 bacteria per ml of
milk. Obviously all the bacteria harboured in the equipe
ments shoz%g' J(L‘nvax:iably get into the milk whereas 4if the
coliforms ar'éJ present in milker's hand or teat there
could be only a chance entry of them into the milk. So
the pooled m,[jilk quality could be very strongly influenced
by the clean!;iiiness of milking utensils (Gehriger, 1980).

1

The mufjt:iplication of bacteria during farm storage
could be and;ther constraint in producing milk of high
bacteriOIOg:L!_‘cal quality. It depended upon the effect of
initial 1ev‘cla1 of contamination, the time of storage and
effect of tésnperatute (Lagrange, 1979, Gehriger, 1980).
The stor:age; temper sture and the antibacterial system in
the milk hai.'d an influence on the growth of microorganisms
(Bjorck et al., 1975; Bjorck, 1978, Lagrange, 1979y Ayres
et al., 198:,0: Cousins, 1982), Swartling (1967) established
the relatiéns’ﬁl’p between the temper &ure and the growth of
bacteria 15"{ milk. The growth rate of bacteria decreased

with ‘dec,;rej!asing storage temperature.



Hence in the; farm conditions the minimal t¥ansfer and

. handling off milk in various eqQuipments would invariably
reduce the §hances of initial contamination. The methods
of minimiai;ng the multiplication of coliforms would
include the{f, holding the milk at the farm as short as
possible and cooling should[;eapid and as Jlow to a
temperaturéf as possible. These practices would minimise

the co,li‘foi;:'m growth in the pooled milk.

!

(vi) Bact_e’riclogxcal quality of commingled milks

|

The %esixlts‘ of i:‘he examination of chilled milk
from three’ different sources are furnished in table 8
and ‘9. Th:e first of the two tables indicate the standard
plate coun:t/ml (SPC/ml) of milk and the second table the
coliform ci:enaity/ml of milk. The freguency and the
percent agej of distribution 4in the class are presented
in the reépective tables. The percex?‘cage of coliforms
in the tat?;al viable count ranged from 0.47% to 1.6%.
The coll fi:)rms. thougﬁ represented a lower psrcentage out
of the total aerobic count, were considered to have an
impact onf; the final product quality by producing
metabolicf intermediaries and gassiness (Muler et al.,

1978 K:}!’aft and Ry, 1979). These high SPC and colifcrm
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Table 8

I
STANDARD PLATE COUNT (SPC) PER ML OF REFRIGERATED COMMINGLED MILK
/ AT DAIRY DOCK

t
I

-—-m-—_--ﬁ_id—--—”-“—-‘-ﬂn-ﬂ---—-—n

MILK SHEDS
A B c
No.of samples* j 82 18 30
i
Mean MBRT in hour 0.5 1.0 1.5
Range of the c‘o'y'mtz ' . .
12N | 0 11.11 © 30.00
(2) (9)
2~5M ' 0 - 30.00
t;’ £{9)
5 < 10 M , 1.22 16.67 36.67
_ ! (1) (3) (11)
10 - 50 M i 21,95 33.33 3.33 ‘ )
(18) (6) (1) U5 o
] (13) (2) .
j ) ) T‘A‘y\u\q
‘100 - 200 M , 29.27 22.22 -
, (24) (4) Wy Flasia
200 - 300 M 31.71 5.56 - N vt
| (26) (1) P
Mean SPC in 146,41 66,67 5.87

million

‘

* Sample sﬁ.:’ze depended on the no.of supplies from each sources

M-Millions j
MBRT Methy]};ene Blue Reduction Time
Figures in parentheses indlcate the number of samples testeds

A = Education on clean milk production absent, milk chilling
around five hours. after production (Poor). .

B - Education to farmers on clean milk productionand milk
chilling around four hours from production (Fair)

C =~ Milk|sheds wherein érientation on clean milk production
and chilling of milk within four hours of production :

(Sat.}sf actory) i

i
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'I’ab‘;q 9

COLIFORM COUNT PER ML OF REFRIGERATED CQOMMINGLED MILK AT DAIRY DOCK

AE W W ar e am oy S W FB SR g W W M g WP W WO GE W NP W0 Ay e W W op e G SR TR s W

MILK SHEDS
(values « in percentage)

A B c
_--‘-,---,--2;——---—--——-‘--‘-—---——n—*——)q—vn-u,,

El

+

No.of samples* 4 82 i8 30
Mean MBRT ;n hour ' O. 5 and 1,0 h 5
below

H
l

Range of the qounf.‘i

1000 - 5000 ; - - 6.67
i (2)
5000 = 10000 - - 26,67
l, (8)
10000 - 20000 - - 23.33
(N
20000 - 30000 - 5456 13.33
‘ (1) . (4)
30000 - 50000 | - 5.56 10.00
i (1) (3)
50000 - C.1 M - 22.22 20,00
‘ i ‘4) (6)
i
Qel M = 0,6 M 14,63 66.66 -
, {12) (12) ~
. (2)
100 H - 30«‘0 M ! 82.93 - -
(68)

' Conf-i......
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Table 9 Contio eae

- SE M) A D e NS S SR (AR D WL T WS TR b W W SR e G Al Gl R WP S W W e S W W

SRR EEE LR

Conformance to j
IS11479=Part III-1
(1977)

Percentage in !
total viable
count (SPC/mb)

i
i

MILK SHEDS

W e S e EP ES R S G eR W A SR WS Y e A as e on e

A

l1.70 ™M

l.16

B

- eepy et e e on oo

320,000

0. 47

c

- Eh ws em W e WY s

28,000

0.48

!

* Sample size f;:depgnded on the no.of supplies from e®ach sourca

M-Mllions .,’

i
MBRT Methylene Blue Reduction Time

Figures in par_élanthesis indicate the number of samples tested

'
i

A = Educatio:,’n oin clean milk production absent, milk chilling
around five hours after production (Poor)

B « Educ atio!n to farmers on clean milk production and milk
chilling around four hours from production (Fair)

l!

C - Milk shed., wherein orientation on clean milk production
and chilling of milk within four hours of production

(Satisfactory)

|
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count indicatLd that cooling could not serve as a
substitute fof improper cleaning and sanitization
methods of pégductiOn. as observed by cehriger (1980).
The antibacte&ial gystem present in fresh raw milk
would be also of 1ess aigni £icance in such a high
contanj.nahiorjx (roster et ales 19583 Ayres et alee 1980).
Further it was observed that a low count milk with 1590/ml
had a keepiné quality of 46 hours at 18° c, while a high
count milk wlth 2007111 ion/ml Leld at 22°C was found to
be sour on c&ot on boiling test. The comparison between
guch grades . o€ pooled milk at farm level (Table 7) chilled
milk at daigy jevel {(Table 9) reflected the growth of
bacteria £r§m the farm stage to the processing stage at
the dairy d%ck.
1
Statié%ically in the group A study for coliforms

68 our of éz samples fell into 1 million to 3 million

modal clasé, In the group B. 12 out of the 18 samples
were foundi to have counts ranging £rom 0.). to 0.6
miliion. ‘In the group C the modal class were geen in
the range |of 5,000 to 10,000 coliforms Per ml with 8

out of 30 samples £alling in this class.
!

The iow count ©of the group C wherein sanitary

methods were carried out under the supervision of the
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,researcher'q%viously explained, the possibility to
i

execute good sanitary practices that should be

followed in (the eclean milk production. The failure

to observe ﬁhese sanltary practices would result in

spoilage of milk, production of of£f flavour of the

milk and allowing the toxigenic organisms to multiply
i

(Mikolaj cik, 1979, 1980)..

1

The mﬁ%ern trend in the tranaportation of milk
demands hyékenic quality of milk ex~farm so as to
transport t%e chilled milk to the processing dairy,
after a long haulage in the road tankers, avoiding
frequent heat treatment and thus preserving its
nutritional quality. The percentage of increase in
coliforms énAthe refrigerated tankers was only 12 and
it was as gigh as 357 when they were transported as
unchilled in cans (Fluckiger ét al., 1980). This
obviously necessiated the production of milk with low
coliform density and the need for immediate chilling
for long %ransportation.

I —

The quality of 130 commingled milk samples tested in

this study from various sources inclusive of the group C
|
revealed that none of the samples complied with the
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P

suggested Inﬁian Standaxds 1479 - Part IIT - 1977 which
'specified tﬁé absence of coliforms in 1/100 dilution of
raw milk, 1{9,, not exceeding 10 coliforms per mi. Th2
lowest number of bacteria in the best poésible sanitary
standards oé tropical climate was 28,000/ml (meah). This

is 2,800 fo#d higher than the suggestéd guideline for
acceptancge ]jay Indian Standards No,1479 - Part III - 1977.
Hence the Q?ggested guldeline could a@most be taken as
desirable standard at the producing farm and not at the
acceptance (level at dairy docks. The bacteriological
standaxds éf raw chilled milk had been given less
significanée. because of the ensuing heat treatment and
manufactune of various diversified milk products depending
upon its;éuality (Fluckiger et al., 1980). But with the
‘present jk{?{iowledge on Enterotoxigenic E.coll and its known
thigenic;potential, the dependence on heat treatmernt had
to be rez;GWed'with regard to coliforms which could produce
heat staﬂie toxins (Marriex et al., 1973; Klipstein and
Engert, ﬁ975) Mehlmen et al., 1976; Batish et al., 1981b;
Glatsz ang Brudvig, 1980a,b). The type of the end products
obtainedfwould not have any influence on these toxins
whether ihey were fluid milk or a solid heat processed
productj The stable toxin might be carried over through

the heaé treatment so as to cause public health hazard.



These hazardé were recently emerging and might éssume

f

a major rolelin the late eighties (Busta, 1979 Richter,
|

1981y Kornqéki and Marth, 1982by Winslow, 1982 Kraft,

1982). Hend% the presence of coliform in milk products
hitherto co&siﬁered as an indicator organisms of faecal
pollution5~<1ndian Standards No.1479 « Part III - 1977)
proved to»bg a potential public health problem as they

,
had been incriminated in the diarrhoeal diseases of

infants and!adults (Marrieg_gglgaa. 1973y TIwedt and

Boutin, 1979; Glatz and Brudvig, 1980a,b).

(vii) Disfribution of colfformss
= . _
j
The{iso;ates gtatistically picked out on the basis
i

of Harrisoé (1938) were identified utilizing the conven-

tional tests qfkAPI 20E series. The API 20E series of’

tests and ‘additional battery of tests were interpreted

|

with differential chart of API 20E and tables of Edwards
and Ewingﬂ(l972). The cglony characters in the eosin

| .
methyleneiblue agar were also observed to differentiate -

I
between the E.coli and Klebsiella Enterobacter and

I
Citrobagter groups. About 10.26% of the total organisms
could noﬁibe identified and this group was classified as

untypablé and was not taken up for further study.

!
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The dist;x’z-ibution of coliforms are presented in
table 10, Ir the farms where insanitary conditions
prevailed duz;-ing milking operations, E.coli (37.13%)
dominated th% environment followed by Klebsiella

pneumoniae (30.54%) E.asrogenes (13,77%) and Cltrobacter

freundii (11'.’38%)*. E.cloacag was lowest (7.18%). In
A————s | =

the group B and C Klebsiella dominated the prevalence
followed by E.cloacae in the group B and E.cold in the

group C. AE{!’.I a whole ‘Klebsielg_g pneumconiae (39.54%)

,)
dominated the farm environment followed by E.coli (27.12%)

_E;".aerogenesf (11.44%), E.cloacae (11.11%) and Citrobacter

i
£reundii (1:50.'-79%)_.
. ' [}
1
Statis'tically the distribution of E.coli was highly

significant between A and B and B and C. The K.pneumoniae

also attaig'_aed high significance between A and B and A and
C. The _E__.«';loacae was placed in the highly significant

position between A and B and B and ¢ (Table 11).

In a /study in Russia Epterobacter was present in the

| , ,
milk at the rate of 47.7%. It was also considered as an
indicatorj organism by these authors (Kartashova gt al.
| . .
1974). 'I_,;he' distribution of E.coli was (40%) followed
| - ——

by E.aerdgenes (23%) in an environmental study made by

Misra anc_i Sinha (1978) in India. Contrarily Enterobagter

i , , o
aerogenes constituted 35.0% of the group follcowed by
asrogencs >

]
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Citrobacter Fz@.a%) and E.cloacae (23.,9%) (Kaloyanov
. ‘ ===
and Gogov, H?7ﬂ).

l

All thége studies indicated, that the_presenné of
individual members of coliform group depended on local
envimonmentél-Conditions. assocliated probably with the
distribution of the intestinal flora of animals ﬁousgd,:

i
the fodder fed, and prevalance of enteric diseases.

' (D) Summary

}

. P .
The eqyironmental niches of the dairy farms of

three groug@ based on sanitary practises were sampled
for, the study of coliforﬁe. Thesa included farm air,
vwater, fax@ utensils, personnel and teat of coﬂé. The
individual 'cow's milk, pooled milk at the farm leﬁe.l. ]
and commingled milk at the dairy dock were also sampled
for this séudy. |

It Wa$ concluded;that farm utensils were coysidered'
to be the #ajor source of the contémination of milk,
followed b? personnel and teat ends. The furm.air and
farm'wate% played an insignificant role bompared‘to other

sources. It was evident £rom this study that possible

{
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|

sanitary prac%ices at the farm level could very much
improve thé milk quality at the dairy dock. In such
milk the mead%cdliform density was 28,000 per ml
compared to mean of 1.7 million per ml, wherever

insanitary practices pfevailed.

The suggested only available guideline of Indian
St andards No. 1479 - Part III - 1977 (Bacteriological
- analysis of milk) was found to be too rigid and
unobtainable with regard to pooled milk and commingled
milk in this tropical climate. The individual cow milk
produged a n‘sanitary environmental conditions was alone
found to comply to this standard. The need for high
bacteriological quality ex~farm milk in the organised

dairy sector was discussed,

The distributiocn of each member of coliforms in
the farm environment were found to vary from group to

group. In. an overall study E.coli dominated wherever

1nsanitat'y.?; conditions prevailgd. K.pneumoniae dominated
wherever s,ianitary practices were adopted during productior
Probably the distribution was influenced by bacterial
flora of the dung and its collection and disposal, feed

lots and other disease conditions prevailing in the farm.

‘



CHAPTER 1Y
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CHAPTER IV

METHODS Oﬁ IDENTIFICATION OF TOXIGENIC COLIFORMS
| OF THE ISOLATES

1
(A) Intrqduc:‘t.‘l.on

;

A high initial dose of the organisms possessing
virulence fag‘;tors might be necessary to initiate the
infection ‘by,fi enterotoxiéenic coliforms (Dupont et al.,
1971y Levire and Rennels, 1978). Method of identifi-
cation of tq:xigen.tc coliform included the demonstration
of the colonization attribute mediated by host specific
£imbriae. 'éhese host specific f£imbriae are all
ant:lgenicalliy distinct and each is a haemagglutinin
identifiable agcording to its sensitivity to mannoae and
to the kind of erythrocyte agglutinated (Xsgacson, 1978;
Evans Jr. _e_}_:_ al., 1979). Many human isolates of ETEC
which prodxice' LT and ST also possess fimlrial CFA either
CFA/I or cé‘A/II depending on its serotype (Evans et al.,
1978). | -

The production of enterotoxin is the other virulence
attribute ;wt;ich must also be conclusively demonstrated to
show an ogganism, to be potentially enterotoxigenic
(Evans g_g:g}_., 1973as Greenberg et al., 1977y Brill
st al., 1?‘79) in any of bioassay methods available to

~TZARARY Copy

fi/_\eo?
P, -
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demonstraté!ST producing potential (Sack et al., 1971;
! =
' Dean gt al.f, 19727 Klipstein et al., 1976).

1

™ dgﬁgrmine the enterotoxigenecity of the coliforms
isolated i% the present study and maintained for further
study the ajidhesi.on factors (CFA/I and CFA/II) and the
entenotoxini(ST) production were demonstrated. As the
labile tox{% would be destroyed at pasteurization
temperature or at further boiling of milk, it was considered

that the déponstration of ST alone would be sufficient as

for as milk

presence oﬁICFA/I and CFA/II pattern of MRHA in E.colil

was concerned (Burgess et al., 1978). The

and the poﬁ%ible presence of similar fimbriae in other

coliforms §?e discussed.
h (B) Materials and Methods !

(1) Identﬂ%ication of adhesion attribute:

I

1 ) )
(a) Mannose resistant haema lutiqation MRHA

The organisms isolated for further study £rom
milk and its environment were grown in 5% aheep'hdood
agar. Theﬂ were subcultured on colonization factor

|
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1|
antigen agar (CPA Agar) and incubated for a .period of
‘ |
24 hours (Evans et al., 1977 Levine et al., 1980).
i

CFA Agars I
c‘asamino Acid (Difco) 1%
Yeaa’t._-; extract 0.15%
MgSo 4 0. 005%
MCl,, 0.0005%
Dif coli Agar _ 2%
PH 7. l?p

'J
| | ~ ]
(b) Microtitre proceduret (Jones and Rutter, 1974)

Bacterial suspensions:

A homogéi:ous bacterial suspension from the CFA
agar was prepfaréd. CFA/I and CF3/II were identified by
MRHA of humsn type A (Evans et al., 1977) or bovine
erythrocytes ':('Evans et al., 1978). Human type A and

bovine eryt;h::i:,cytes were obtained fresh, washed twice

in PBS at pH 7.2. The cells were suspended to prepare

3% suSpenaiori in PBS with mannose 0.5%. The bacterial
suspension wcj‘re made in doubling dilution in four wells
of the mic:ot%j.tre trays previously cooled in refrigerator

(8°C). All the E.coli and other coliforms were tested‘

i
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|

with all the two species of erythrocytes: HA was
icarried out 'pn microtitre plates at 24°C with human A
red hlood céjlls and at 4°C with kovine cells. The
plates were ;Iincubated over night (12 hours). The
agglutihatign in the £irst three wells were considered
positive., |

i
(c) Identification of type I pili of Kichsiellas

‘!'

The MRHA human A and bovine red hlood cells positive
Klebsiellaj{gneumoniae were tested for presence of type I
pild (Féde%: et al., 1979). The organisms were grown in
trypticasqf; soy broth with 0.5% glucose: The guinea pig
red blood ';?aells (3% v/v) in PBS was used in the slide
agglutinaéjion test. Ppositive results were observed
within twé minutes. All the positive strains were

subjected| to mannose sensitive haemagglutination test

(MSHA) in' the microtitre with 0.5 percent mannose (Jones
and Rutte',’iu 1974). The incubation was at room temperatwe,
The inhibition of the haemagglutination in the lagt three

wella was considered as (MSHA) positive isolate,

4

(d) Serological identification of CFA/I and CFA/II among
i ' ,
MRHA positive E.coli and non E.cold coliforms:

!

(Evans et al., 19787 Guinee et al.
1976)

1

'I'hé MRHA positive E.coli cultures were serologically
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tested by slide agglutination test for CFA/I and CFA/II
with the ser; kindly provided by Center for Vaccine
Development,| Baltimore, U.S,A. The non E.coli coliforms
which were s}milarly positive for MRHA were also tested

for the rel ated antigenecity with CFA/I and CFA/II. The
working dilutions of CFA/I serum was 131000 (E.coli 3456/17
purified pili). The CFA/II antisera was from E.coli on

M 424 C puri%ied pili. ‘The working dilution of CFA/IX was
13200, The working dilutions of the CFA/I and CFA/II sera
was prepareé;as suggested by the Center for vaccine

development ,j Baltimore, U.S.A, -

(44) Identﬂ%ication of toxin attribute:

(a) Bécteria;‘culturesn
All MRHA positive coliform bacteria were taken
for this study.

(b) Culture medias

[}
|

i i
Casamino acid yeast extract medium (CAY) was

prepared as:modified by Lallier et a1.(1980). The media
.i -
contained cjsamino acid 3.0% yeast extract 0.6% and

glucose 0,20%, The pH was adjusted to 7.2.
g
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d
(e) Culture conditions and preparation of crude
> , de

enterotoxijn samgles ']
g

From a ov%rnight culture of blood agar (5% v/V)
povine blood) 38 few colonies Were.inocuiated into the
test medium ofl 10 ml, in 110 ml milk dilution bottles.
The bottles wei:e 1ncubated overnight (18 - 20 hours)

on a shaking water bath at 37°C with 120 revolutions
per minute, 'I‘he culture quSpension was preaerved by
agdition 1310,000 merthiolate and stored at =10°C-dn
deep freeze c"abj.netsv £ill test, which was carried out

within @ weeke

!
(a) Rabbit .L'Leal loop techniques (Lariviere gt al.. 19722

Rabbitsﬂ weighing 1.0 - 1.5 kg were used for this

study. The rabbj.ts were starved for 24 hours.

Apnaesthetic J.Sether was used for induction and maintenance

of anaesthes!.i.a during the experimental procedure.

preparation of animal for laporatony and the operation

procedure till the exposure of viscera were followed on

the lines of Keplan and Tymmons (1979). The small bowel

was £lushed with warm 10 ml of 0.1 M phosphate puffered

salime ‘QpHI’I.Z) aft & ligating the intestine in the
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part about 50 :i:m from the pyloric end of the stomach.

The £lushed inf:estinal contents were held in the caudal
‘end of the ilex‘:jm by applying a ligature. The loops were
made £rom the caudal end 4 to 6 cm in length by applying
a single tie ?f single surgical silk thread between
segmentss in ibetween these segments of 4 to 6 cm, small
interloops of ;2 - 3 cm were also made. Ten to twelve
such larger sc—égments were made with inter -1001:;5; while
applying l;!.gai!.ion the mesenteric plood vessels were
carefully avo.tded from being included in the ligation

and also froml the needle puncturée.

In the ﬂionger segments, 2 mi of the preheated (75°C
for 15 minutea) aterile test sT preparations were injected
with 26 G neédl;e carefully avoiding the blood yvessels. In

the 1nterloops i m of O.1 M pBS (pH 7,2) were injected.

In the last Jsegment. 2 ml of sterlle CYE broth with the

game concentj'fr‘ation of merthiol ate (1110, 000) was inoculated
as a control. The ddomen Was closed and warm gauze
packings wag applied to the area of operation. Six hour3
after the aldministration of the toxins the rabbits were
killed with terminal anaesthesia and the volume of fluid
per cm of ligated gegment were recorded for each segment.

Ratios of volume to length (mlscm) of 0.5 and greater were
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considered pgsitive. In later studies one known positive
and a known negative controls from the local isolates were

/
used. 1

{e) Histqggfhological examinations

Small éLgments of positive loops were opened with
fine scissofa, taking care not to disturb the villi
pattern. :ﬁe opened,seéments were made to adhere on a
thick piece!gf Whatman filter paper and the eéntire pilece
was f£ixed iﬁ Bouin's £luid (Saturated picric acid 75
partsy fé:ﬁa;in (40%), 25 parts, glacial acetic acid
5 parts) and sections were carefully made to include all
the three layers of the ileum for haemotoxylin and eosin
stain and w%re examined under light microscope for

morphiological changes,

!
i

, (€} Results and Discussion

(1) Idenggfication of adhesion attribute:

Amoanzoé isolates of coliforms tested for MRHA of
human A addkbovine red blood cells 90 strains were found
to be posftivevfor MRHA with human A or human A and

i _
bovine re? blood cells arid 40 strains of the coliforms
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were found to” be positive for MRHA with bovine red
blood cells o}l'lxly (Table 12). The agglutination upto
third well ofj the double fold dilution in microtitre
were taken as?‘ positive., - The prevalence of MRHA positive
strains (huma;x]m A and bovine red blood cells) was found
to be more than 38% in case of E.coli and 35.53% in case

of K.pneumoniae whereas in cases of E.aerogenes,

C.£freundid an:cri E.cloacag it was found to be less than
22% (Tahle 12‘;). MRHA of bovine red blood cells only was

found to be more than 11% in cases of E.coll, K.pneumoniae

E.cloacae andi C.£freundii, whereas in.cases of E.aerogenes
the figure waftfs less than 6% of the total coliforms tested.
In all 29.4% Eiof the strains were MRHA positive for human
and bovine mir; human red blood cells and only 13.07% of the
strains were |MRHA positive for bovine red blood cells

{human = , bgvine +) (Table 12).

HA teat.’}with bacterial cells are rapid, simple and
economical tg perform and thus are convenient f£for prompt

screening of] large numbers of isoclates for haemagglutinins.

.Haemagglutinfation was the first observed manifestation of

]

the adhesiv‘ei p:-.;;perties of the fimbriated enteric bacteria

(Duguid et al., 1955). OColonization of ETEC is mediated
{
by specific ??.‘-.ypes of fimbriae. These fimbriae appeared
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Table 12

, . , i
PERCENTAGE OF MRHA POSITIVE STRAINS AMONG COLIFORM ISOLATES

Name of tha
organ;sm

No,of
isolates
tested

E.cold

k,pneumoniae
E.aerogeneg
E.cloacae

= ——

C.£freundii
=_—=

Total

83

121

35

34

33

Human and Bovine

Bovine Red blood Total
Red blood cells

cells

[ AD WM EE S Gl an W SR Ge W N G R AP R e e WS S W W

(32) (15) (47)
35.53 12.40 47.93
(43) (15) (58)
17.14 5,72 22,86
(6) (2) (8)
5.88 11.77 17.65
(2) (4) (6)
21,21 12.12 33.33
(7) (4) (11)

| |
306 !

29.41 13.07 130
(90) (40)

Figures in parentheses indicate the number of isolates
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to determine hosg specificlty because the colonization
factor CFA/I andJCFA/II are found on ETEC of humans
(Evans et al., 1975 Evans and Evans Jr. 1978; Orskov
and Oorskov, 1977 Gaastra and Graaf, 1982). CFA/I
f£liabr'ae medistMRHA of human and bovine erythrocytes
whereas CFA/IIX pediate MRHA of bovine erythr&oyteo only.,
The aim of the %resent work is to screen the prevélegcg
of public healt& significant enterotoxigenic colifarﬁé'
among the isolates from dairy farm environment, The
main virulence [attributes of E.goli are the adhesins and
enterotoxing (;"al‘vans &t al,, 1975¢ Evans et al., 1978)
Demonstration ?ﬁ the above two virulence factors in large
numbers of iaq;ates is rather a Herculian's task and
tedious (SackJ119803 Mehlman and Romero, 1982). Hence
MRHA of humanﬁand bovine red blood cells was followed in

the present séudy to screen t_:’he\ isolates for the prevalence

of enterotoxi{g’;enic pathogens.,

{

Among g.:;g_:_q_l_._j_._ isol ates, 38.55% of the isolates
exhibited MRHA pattern of CFA/I and 18.0%% of the
isolate exhibited pattern of CFA/II. The sensitivity
of the MRHA to the serological identification of the
presence of CFA;I and CFA/II is very much questionahle.

on serological identification, there were only one CFA/I
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positive and, one CFA/II positive isolates out of 47
éygggi tested (Table 13). Similar results of HA
positive strains not similarly reacting in serological
tests had aJsa been reported (Scotland et al., 1981;

i
Cravioto et al., 1982)
|
In the present study, apart from E.goli {solates

other co;iféLms also revealed MRHA pattern similar to
CFA/I and CéA/II but mone of the strains were positive
for CFA/I er CFA/II. It 1s probable that the HA test
.¢ould indicate the presence of certain fimbriae.
“Fimbriae‘of different antigenic types might be clustered
together ai?ce they belonged to the same HA group

[
(Czirok et al., 1982). It was also observed that

fimbriae might not be the only adhesin factor to mediate

the pathogegicity of Klebsiella. Other adhesive factors
llke coliphgge receptors had also been demonstrated

(Pader and Davis, 1980s Pruzzo et al., 1980). So the MRHA
of these strains might be due to £imbriae or other

factors whﬁch are not known.

In cage of Klebsiella sPedies. prevalence of type I

pill and its significance in the urinary tract infections
had been reported (Fader et al., 1979; Fader and Davis
1980; Pruzﬁo et al., 1980). The role of the type I pili in
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Table 13
PRESENCE OF CFA/I AILND CFA/II ANTIGENS IN MRHA POSITIVE E.COLI

AND NON E.COLI COLIFCRMS

|

1 )
Organisms l\i!umber tested CFA/X CFA/II

———mpl =

E.coli " 47 1 1
Non E.coli ,' |
coliforms ! 83 0 °
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/ »
enteric 1n’£’glaction is uncertain (Evans Jr. e al., 1980).

. Intestinal isolates of Klebsiella pneumoniae was found

to adhere wfith type I pili to the epithelial c¢ells of
buccal cav:l:f.t:‘y, urinary tract and intestine. While the
adhesion wds high in buccal and urinary tract epithelial
cells it wgs fewest in intestinal epithelium. So the
role of type I pill in the intestinal adhesions for
productionjj of enterotoxin appeared to be remote (Pruzzo

et al., 1980). The studies on typs I pili among humar A

and bovin? MRHA positive Klebsiella species indicated

that onlyjtwo isolates out of 58 were positive in guinea

i
prig MSHA *'ti.eat (Table 14). Citrobacter strains also

,posaessedﬁ common £imbriae antigen shared by type I pili
of Salmoni"ell'a {(Duguid and Campbell, 1969). No report on

i

pili ant.‘{»"gen of Enterobacter spacies could be traced.

<&

Further wjork is warranted to £ind out the exact signifi-
cance of ]MRHA of hunman A and/or bovine red blood cells

positivef} strains among coliforms other than E.coli.

One__’f phenomenon that was observed in this study was
!
that the MRHA pattern to human and bovine erythrocytes
! .
(CFA/T) idominated the MRHA pattern to bovine red blood

cells aj,one (CFA/II (Table 12). The presence of MRHA
bovine and human type pili in E.coli was 38.55% and in
i

K.pneumonjacit was 35.53%. The overall percentage of
i
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Table 14

1
IDENTIEFICATION OF TYPE I PILI IN MRHA POSITIVE

i

i KLEBSIELLA PNEUMONIAE
2
!

‘-?—_--y\--n-n--b-:u‘-ﬂq-u--ﬂ‘
1 i

Numbezfof Method of
Klebsiella No. positive identification
tested

]

i

5 MSHA of

guinea pig
{ erythrocytes
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< 3 ihis.pattegh among coliforms was 29.41%. In a similar
stuéy on globél collections in the division of enterie
pathogens, Central public health laboratory, london, it
was observed Fhat prevalence of CFA/1 dominated the
prevalence ofICFA/xI. It was reported that six out of

28 ETEC cultures tested possessed CFA/I and none possessed
CFA/II (Scotland et al., 1981). The higher prevalence of
CFA/I patterﬂ of MRHA in other coliforms also 1ndicated
the possible presence of CFA type of antigenically
‘different pijfli in them.

{
{11) Demonstration of toxin attributesi
]

!
{

i
On terminal anaesthesia the skin sutures (Fig. 1)
i

were removeh and the small intestines exposed. Distension
of large loops (E) with,fluid.accumulation were observed
in compari%on with nomal ileum (N) (Fig. 2)., The ileum
was dissaq%ed out carefully keeping intact of all loops.
There werggdiStentions with fluid secretions in first,
third anq;seventh loops (Fig. 3), These distentions

werea ahse?t or comparatively less in the interloops
(second, fourth, sixth, eighth and tenth) where 0.1 M

PBS was a%ministered and in the negative and control

loops (nin¢th. eleventh and twelth) with CYE broth

containiﬁg merthiolate.
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Figure 1 Rabbit ileal loop test :+ Rabbit after
laparotomy for toxin assay by rabbit
ileal loop test.
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Figure 2 Rabbit ileal loop test: Distended toxin

positive (E) ileal-loops coimpared to
normal ileum (N) .



Figure 3 Rabbit {leal loop showing positive
results (1,3 and 7) as compared with
negative ru\nt.g (9, 11 and 12). The
interloops (2,4,6,8 and 10) also showed
the @bsence of distension.
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The volume of the fluid was measured to the nearest
0.5 ml and the length was also measured to its nearest
0.5 ecm. The ratio of £fluid volume to 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 very mild congestions were noticed on the

serosa in stray cases,

Oout of 130 strains subjected to bioassay for ST by
means of ligated gut loop technique in rabbits, 24
strains were positive for ST. The percentage of positive
strains varled from 12.50% to 45.45% among different

species of coliforms (Table 15).

In histopathological examination the control sections
were observed with long finger or 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.

In the positive groups the villi showed structural
abnormalities in the ileal loop. The activity was
subdued and the villi had become shortened, lroad and
blunt. All the layers of the ileum were clearly‘seen

(Fig. 6 and 7). Polymorphonuclear leucocytes were



Figure 4 Histopathological features of normal
intestinal villi The sections of the
villi showing three layers of intestine
ted long tongue shaped normal '
villi- ¥ and E x 120.
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cellularity in the lamina propria-
n-un:‘u-




rigure 6

llltmthnloqteal features of villi of
the toxin positive loops. The villi have
become shortened and with heavy
cellularx {nfilteration of lamina propria.
All the intestinal layers are observed.

H and E x 120.



Pigure 7 Histopathological features of villl of
toxin positive loops. Villi have become
shortened and broadened with neutrophil
infiltration - H and E x 320 .



Table 15

PREVALENCE OF TOXIGENIC COLIFORMS AMONG MRHA POSITIVE STRAINS

(RABBIT ILEAL LOOP TECHNIQUE)

Number

Orcaniams assayed Positive Percentage
E.coli 47 7 14.89
K.pneumoniae 58 9 15.52
E.aerogenes 8 i 12.50
E.cloacae 2 33.33
C.freundid 11 $ 45.45

- e eh e =S ¢ AF% ap T T W W W @ W T W o > »

Total 130 24 18.46
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present in the laminapropria. The histopatinlogical
changes due to positive 3T, were similar to the
observations of Klipstein et al,(1975) and Pitrangsi

et al.(1982).

The rabbit model was taken since STb which is more
heat stable than STa i3 active in this model (Burgess
et al., 1978). Further major role of STb in enteric
infections was reported in the swine and human diarxrrheoal
diseases (Robichaud et al., 1978). 1In the biocassay of
stable toxin the response of the rabbit model was
reported to be more sensitive as the reaponse was
secretary type (Raskova Raska, 1980y RobinsBrowne et al,,

1382),

The correlation of MRHA positive coliforms with
RILT i8 shown 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 assocliation

of CFA/II and enterotoxin production was marginally high

than the CFA/I,

Among E.coli isol ated tested, 14.89% of MRHA positive
strains (47) were positive for stable toxin (Table 15).

This £inding is of significance in the light of other



Table 16

CORRELATION OF MRHA PATTRN WITH TOXIGENIC POTENTIAL ('I'(D(+)

Total
Number
MRHA Human Number
sitive And positive Bovine positive

sulcates Bovine

W e AR AR M N an en WD P e W W W Eh D W R W @ WP W ap M S» ap W 9 B W

130 920 16,67 40 22,50
(18) (9)

W WS aGb ap @Gy Ss W @ TN En W e ew S WY W D W Wk ST G W SR W A m Gy D wn G
Tox' - Toxigenic strains (Echeverriah et al., 1981)

Figures in parentheses indicate the number of isolates
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reports which indicated that the enterotoxigenic
isolates among hospital environmental strains and of

| non-diarrheol orig¢gin were less than 1% (Scotland et al.,
198isy Mehlman and Romero, 1982). Perhaps, these
differences may explain the different sanitation levels,
acquisition of enterotoxigenic potential with antibiotic
resistance as they are single plasmic borne characters.
Sensitivity of the RILT might also be a oontributing
factor for higher results. Different geographical setting
might also be a factor for the high incidence in this
region (Scotland et al., 1981). However, the identifica-
tion of 8.43% of ETEC from total isolates (83) concurred
with findings of Sack et 23l.(1977) (Table 17). These
workers identified 8% from the total isolates of E.cold

in food.

In addition to the E.coli ST production has also
been demonstrated in other coliforms (Table 15). It
was observed that toxigenic strains were high among
C.freundii isolates (45.45%) followed by E.cloacae

(33.33%), K.pneumoniae (15.52X) and E.aerogenes (12.50%)

It appeared that non-gE.goli coliforms are more significant
than E.coli itself. Others had reported on the prevalance

of enterotoxigenic coliforms in a survey of bods and



water by using rabbit model for assay of the stable

toxin (Sadruddin et al., 1981).

The prevalence of all the toxigenic coliforms in
relation to total isolates (306) is also presented in
table 17. The highest prevalenoce was observed in
C.freundiy (15.15%) followed by E.coli (8.43%) and
K.pneumoniae (7.43%). The toxigenic.. potential of
C.freundii from the farm environment is established in

this s tudy,

In the rabbit model, the ratio of volume to length
in this study varied from 0,5 to 0.83. The total
toxigenic isolates were 18,46% of the MRHA positive
isolates. The pathogenic isolates may probably be
more if concentration of the toxin lxoth was made before
the biocassay. Toxin purification and ammonium sulphate
@oncentration of toxin had shown to increase the activity
of the enterotoxins by 20 f£fold and by this way many
new enterotoxigenic isol stes could be detected(Nalin
et al., 19747 Robins Browne et al., 1982). So the
concentration of the toxin preparation would have
disclosed hitherto unrecognised E.coli enterotoxins.
However, it was not atempted in this study since the
experimental conditions was set to simulate the real

conditions in the possible production of toxins in milk.
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I
water by using rabbit model for assay of tha stable
!

toxin (Sadruddin et al., 1981).
i

The fprevalence‘ of all the toxdigenic coliforms in
relation ?;tc total isolates (306) is also presented in
table 17.. The highest prevalencs was cbserved in
g.ﬁreundilf::;:l (15.15%) followed by E.coli (8.43%) and

K.pneumoriiae (7.43%). The toxigenic.a potential of

_g.frexmdf‘:l from the farm environment is established in
i

this s tudy,

In ‘ﬁ:he rabbit modsl, the ratio of volume to length
in this study varied from 0.5 to 0.83. The total
tox&geni:? isolates were 18.46% of the MRHA positive
isolates; The pathogenic isolates may probably bo
more if cjoncentration of the toxin Ixroth was made before
the bloagsay. Toxin purification and ammonium sulphate
concentr;a?t;.on of toxin had shown to increase the activity
of the eé!aterotoxins by 20 fold and by this way many
new ente;:rotoﬁf.genic_ 180l ates could be detected(Nalin
et al., _,Ji.974: Robins Browne et al.,, 1882). So the
ooncentgfation of the toxin preparation would have
disclosefd hitherto unrecognised E.cold enterotoxing,
Howeve:,j it was not ‘zttempted in this study since the
experime;ntall conditions was set to simulate the roal
C!onditioj_ns in the pogsible production of toxins in milk.
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Table 17

|
NUMBER OF TOX' COLIFORMS OUT OF THE TOTAL ISOLATES

1
]
i

] A
. Number of Number
Organismsj isolates positive

J

#

E.coli ;’ 83 7 (8.43)
‘I_S.pnemnoniae‘:? 121 9.(7.43)
j ‘
E.cloacae 34 2 (5.88)
. i
E.aerogenes , 35 1 (2.86)
i
C.freundii || 33 5 (15.15)

‘l
j U W G @ me we W @ e A W ER W G W

. 'Total 306 24 (7.84)
Tox* - | Toxigenic (Echeverrish et al., 1981)

Figures ':’m parenthesis indicate the perxcentage



There couid be chances for dilution as the toxin

containing milk might be blended or used for
I
xecombinérion in the industry to increasa the

distribut%on volume,
i

The Lluid response in the iigated loops to crude
toxin preparation was the absolute reaction of the
enterotoxén as the same sterile CYE with merthiolate
did not é;ve a gimilar response, This conclusion ia
supporteé by the recent report that rabbits immunized
against ﬁ&li antigen 0f non-ETEC did not inhibit the
£fluid seéretion while a rabbit immunized against the
ETEC culéures-reduced or inhihited the £luid secretion
(Molenda' et al,, 1983): The £luld secretion was non
haemorrhagio, clear and secretary type (Sack et al.,
i97). A minimum of 10 mgm of crude toxin might be
essential to produce the secrstory response (Klipstein
et al.. ;9??). Two ml of the toxin kroth used in this
study wogld have had this as a minimum to elicit positive
:eeponse? So in this study a complete toxin potential
of colif%rm§_had not been demonstrated since the other
negative| toxin preparations might have had some amount
of t.oxinf; that would have been insufficient to elicit

positivalsecretory responses
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The other interesting feature was that the MRHA
positive 'lx’jxon-gf;.gg}_;_ cultures responded equally or more
to the b.ij,oassay of toxin., The hypothesis of intergeneicg
transfer Eof plasmids responsible for enterotoxin
ptoductign (Guerrant et al., 19767 Klipstein and Engert,
1977} is!, supported by this study. This indicates that the
plasmidsjj responsible for enterotoxin production might
aasoeiaée with colonization factors in other non<E.coli
co;ifonixs also (Evans et al., 19787 Evans gt al., 1979
Twedt ax’;id Boutin, 19797 Levine gt al., 1980). So future
study nfécessarily warrant the study on the significance
of MRx-u\:i pattern in othor non-E.coll coliforms. More
siguificance should also be given to non-E.gold coliforms,
gince ghey comparatively lack recognition as that of
_E_)_.._c_g__;_j..j The bioassay for detection of ST had been'well
develog;ed since ST was considered to be noneantigenic.
aoweve"r, recent reports have proved that ST is antigenie
and 1'n;munological tests are possible (Glanella et al.,

19817 Klipstein et al., 1983a)
s
“s'r was also aynthetically produced and £ound to

have,;the antigenic characters of ST pmduqed by bacteria
(Kiipatein et al., 1983b), So the serological assay of
s?T aga tha of LT could be the forthcoming research

i
problem for oagy identification of ST.
1



(D) Summary

Three hundred and six isolates of coliforms were
tested for MRHA of human A and bovine red blood cella,
MRHA of human A and bovine red blood cells was observed
in 29‘.417%- isolates. MRHA of bovine cells only wera
obs’erved."only in 13.07% of isolates. Serological tests
with imported CFA/I and CFA/II sera revealed two positive
1solates3; out of 47 E.cold isolates. None of the non E.gcoll
coliforms (83) was found antigenically rel at:gd to CFA/1
CFA/IX. ' The significance of MRHA amdng non-E.cold
coliforms was discussed. The dominance of human A and
bovine (CFA/I pattern) over the other was reported and
discussed. The presence of type I pili in K.pneumoniag
was analysed and discussed. The bioassay of MRHA positive
cultures revealed 14.89% of E.coll were positive roxin
product._?;on. C.freundii was positive at 45.45% level,
followef&l by E.cloacae (33.33%) K.pneumoniae (15.52%)
and E.gerogenes (12.50%). The results of the histow
patholdgical examination of the positive loops was
fumisl‘;jed. The applicability of RILT in the bioassay
was foénd"to be sensitive. The future role of sero

identification of ST was discussed,
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CHAPTER V

[
STUDIES ON THE TOXIGENIC COLIFORMS IN THE ISOLATES FROM
! FARM ENVIRONMENT
i
|
(A) _;ntrodu'étion
|
i ,
A major problem in current efforts to identify
i
pathogenic strain would be the identification of
toxigenic c‘élifcrms. In specimens from patients, the
i .
pathogens f"rj:equently constituted only 10% of the E.cold
isolates. In environmental specimens the incidence was

i
dess than 1%.{Mehlman and Romero, 1982).

1

The sérological identification which was the easiest
metod of all the identification procedures was questioned
bacause sel%:olog:lcal identification of the adhesins was
incomplete since the cultures with few exceptions lacked
enteroto:d,"lgenj.c potenttal (Scotland et al., 1981).
However, the serology could be a tool for recognition of
probdle énterotoxigenic potential of ETEC strains in the
absence O.;f other practical tests (Scotland et al., 198l).
But regre:ttg_b;y the antisera for determination of CFA,
had not E:_’.een gstandardized and only 2 limited sources are
availahlé: commercially (Mehlman and Romero, 1982). Further

additionél colonization f£actors were being introduced and
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and correl;tion of the presence of MRHA pili with

toxigenicity did not always exist (Evans and Evans Jr..
!

1978y Levine gt al., 1980 Gorbach et al., 1981;

Thomas et al,, 1982)

To ffnd the correlation)serological studies of
E.goli and other coliforms were attempted in this study
. with imported antisera./ Demonsﬁration of the presence
of pild oé toxigenic Escherichia coli strains and
Klebsiella strains were also attempted under electron
microscop%. To attribute correlation of antibiotic
resistanq% and enterotoxigenic potential, a study of the
resistand? pattern of toxigenic (toxf) coliforms and
nontoxigéhic {tox”) coliforms with common antibiotics for
Gram neg%tive bacteria was also made.

g

The 'probable environmental factors available for the
toxigenic strains to produce toxins in milk were studied

and disc?ssed.

i

{

| (B) Hateriala and Methods

(1) ,Sefolo 1cal Tests:

o
(a) Source of specific seras
} ZOUECS OF Spoelfil SIS

The antisera for CFA/I and CFA/II were kindly
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provided bj’( the Center for Vaccine Development, University
of Mazylang, Baltimore, U.S.A, In all 25 isolates were
tested, Kg 99 specific antisera received from Rijks
Institute,[' Netherl ands were used for serological identifie

I ’
cation of ”K 99 pili among tox’ E:cold.,

1
[l

(b) Bacteérial isolatess
"1
]

2

ALl ghe seven extra intestinal ETEC isolates which
were proved to possess enterotoxigenic potential were
~used in this study as has been done by Scotland et al.{(1981)
The other]ij non E.coll isolates which were positive in MRHA
with huma;il A, and bovine red blood cells, were also tested
to ‘find q,"li.lt the antigenic relationship if any with CFA/I
and CFA/II. The seven E.coli stralns were also tested
against Ki 99 specific serum.

13 ‘
(c) Slide agglutination testt (Guinee gt al.;, 19767 Levine.
'j and Rennels; 1978)

The| over night growth on CFA agar at 37°C was used

for sudi,;e agglutination test. The bacteria picked out
from fhi}.e ia'lonies were suspended in 1:500 and 11100
dilutior of CFA/I and CFA/II serum, on a new dry glass
slide. !‘I’he working dilution of the sera were less than
111000 n@ 11200 which waa earlier used with MRHA positive

strains’l Control serum from a rabbit was also used.
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Bacterial Samp%bs showing apparent agglutination with
CFA/I or CFA/I¥ serum and absence of such agglutination
in the controlirabbit serum were considered as CFA/I or
CPA/II positives. ILikewise all the non-E.goli cultures
were tested w;?h CFA/I and CFA/II serum. The ETEC
strains grown on minca agar (Guinee et al., 1976) were
also tested w%th 1¢100 dilution of K 99 serum obtained

from Ri jks In%titute, Netherlands.
|

(14) Pregaraiion of CFA specific gserums
q ) ‘ '

Antisera to CFA/I (Evans et al:, 1975) was prepared
with local ifolate that was positive for slide agglutinae
tion test. Fhe ETEC CFA/I positive culture was cultivated
in Roux flask on CFA agar, After overnight incubation,
the growth q%s washed in 100 ml of PBS with sterile beads,
The suspenefbn wag centrifuged and washed with 0.1% sodiun
azide PBS, %Finally 0.1% sodium azide PBS was added to the
original vofume and the precipitate was suspended. The
suspension was used to immunize two rabbits each weighing
2 kgs by repeated 4 inoculations (Strim st al., 1967).

The dose wés increased from 0.5 ml to 2 ml in the five
day 1ntervél§ getween the inoculations. The rabits were
bled by thé ear vein, eight days after the last injection.

The sera were adsorbed with CFA/I positive culture grownal
1:

i
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18°C until the sera failed to agglutinate CFA/I culture

1

grown at 18%C (Levine et al., 1980). However, CFA/I
was still strongly agglutinated. Antiserum to CFA/II
was likeWis% prepared,
-
These 'sera were compared with the imported sera by

by testing ‘7 ETEC cultures 25 non ETEC cultures and 17

,

other non E.coli toxigenic coliforms.

{(111) Segbtyping of ETEC cultures

1 A
The ETEC cultures were serotyped for O serogroup
1 , ' .
at the Ceﬁtral Research Institute, Kamgauli for

epidemiolbgical purposes,

(1v) Indairect Fluorescent antibody technique (IFA)

i

Th? CFA/I and CFA/II specific antisera were used
at diluﬁéons of 1:100 and 1110 respectively. The
fluozes%ein isothiocyanate (FITC)} conjugated anti-rabbit
IgCG wasjobtained from Miles Yeda Ltd, Israel:. The FITC

was useﬁ at a concentration of 1310,

(a) Bacterial isolatess

il
The two CFA/I and CFA/II positive strains by agglutis

nationﬁtest were taken up for further study by IFAT.
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o

(b) Test ﬁ%ocedurex (Hadad and Gyles, 1978)

The CFA/I and CFA)II positive ETEC isolates were
grown on CFA agar overnight. Thin smears were made on a
microscopic slide for each culture. The smears were air
dried and ﬁfi,xed in 95% ethanol for two minutes. They
were placed in a moisture chamber and flooded with the
respectiveq’; antisera, After incubation at room temperature
(25°C) fox:‘; 30 minutes, the slides were washed and held for
30 minutes’; in Q0.1 M PR3 (pH 7.2), which was whirled in a
beaker, wjf.th the help of a megnetic pellet and stirrer.
Three cha{“z;:ges of PBS were used, The conjugate was added
and held ;'at room t emperature for 30 minutes. The slides
were oncej’_' again washed with 0.1 M PBS (pH 7.2) and allowed
to dry. ;’Us:l.ng FA mounting £luid the coverslips were f£ixed
The tesu.]:;ts of two CFA positive cultures jdentified by

agglutination test were confirmed.

(v) Electron Microscopy!
v

The, CFA/I positive E.coli was grown for six hours in .

CFA agaf‘j. The Klebsiella pneumoniae were grown on trypticase

soy broth _for expression of pili (Fader gt al., 1979). The

i
growth on solid media was suspended in the distilled water.'

Ammoniq;r]n molybdate 0.16 M was mixed with 0.1 ml of
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bacterial suspension in equal quantity. A drop of the

m},xture was aﬁi-:lied to a carbon coated colloidion grid,

The grids wer f examined under JEOL - transmission type

electron micrg‘jscope £rom 10,000 x onwards,

1

(vi) Stable i!mcin production in milks (Glatz and
il Brudvig, 1980a)

i .
Toxigen:il.c coliforms isolated in this study were used,
1

for toxin pro*duct‘ion. The study group consisted of two

ETEC, one toa%igenic Klebsiella and another Citrobacter sp.

About 10 2(; ml of sterilized standard milk (4.5% fat and
8,5% solids flon—fat-) in one litre Roux flask was inoculated
with a loop :gull of bacterial colonies picked out from
overnight gr{bwth on 5% bovine blood agar. The inoculated
milk was 1nc:‘izbat;ed a 37°C for 16 hours, with periodical
vigorous shaking for aeration. The bacterial density at
the 16th hon.}ir was determined in violet red bile agar (VRBA),
The whey wa.? separated and preserved by addition of
1:10,000 me:ré.thiolate and tested in the biloassay within

a week, Before testing, the whey was held at 90°C for

10 minutes 5nd centrifuged at 5000 rpm for 10 minutes,

The supernatant.was t aken up for the bioassay. The rabbit
ileal loop ',i:echn:ique (Robichaud et al., 1978) and infant
mouse diarrhoeal score test (Moon et 3l.., 1978) were

adopted in, this procedure. The results of ST production
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were'recordeﬁ. Control test with non ETEC was carried

out.

I
(vii) Antibacterial drug sensitivity tests (Bauer et al.,
{ 1966)

(a) ?uacegtibdlitx discs:

fbhe “Biodise" *212' for Gram negative

H

bacteria coﬂ&aining known amounts of 12 antibiotics or
i
chemotherapeutic agents were obtained from Pasteur

Biological ﬁahoratories {India).

(b) Medialﬂ

4
Mueller-Hinton agar was poured in glass petri
dishes to aLdepth of 4 mm. The sterile moisture free

o
plates after 24 hours of incubation were used.

|
)
(c) Preparation of inoculums

|
The qutoxigenic coliforms and randomly picked 26
nontoxigenig coliforms were used in this study. The
overnight growth of organisms were inoculated into

1
trypticase%soyrbroth by transferring four or five
colonies. ﬁOn incubation for six hours at 37°C, broth
cultures with moderate turbidity were used as inoculum.
j

?
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(d) Streaking of platess

1

The Muéller Hinton agar plates were streaked with

the aid of Sterile cotton swab, dipped and squeezed with
I

the inoculum streaking successively on three different

directions to obtain a sheet of growth. The plates were
incubated for about 3-5 minutes f£or the inoculum to dry;
The suscepéibility discs were placed and gently pressed

over the iﬁoculated surface. On overnight incubation the
results wé?e read,
i

i

(e) Reading of the plates:s
~

The éiameter of the each zone including the disc
diameter %ere measured at the obvious breakpoints with a
vernier galliéer to the nearest point. The readings were
interpreéed with the zone size interpretative table
providedgby the manufacturer. The results were fecorded,
as resiépant which included both resistant and intermediate
column éhd absolutely sensitive.

i

J (C) Results and Discussion

-

(1) Sérological Test for Colonization Fagtor Antigens:

T%e seven isolates on agglutination test with CFA/I

h ,
and CFﬁ/II specific antiserum revealed tha one strain wag:
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positive fLr CFA/X and another for CFA/II (Table 18).
The other /five strains were negative either for CFA/I
or CFA/II{ The above two strains are of significance
since theé possess both the virulence attributes i.e.

|
enterotoxén production and adhesins.

Peréapa this is the first report of isolation and
|
demonstrétion of potential enterotoxigenic strain of
human si%nificance from dairy environment in the part

of the %Euntry.

Thé pathogenic potential of the other five isolates
which s%ow@d prevalence of STb, but lacking in CFA/I ér
CFA/II is difficult to ascertaln, The possibility is
that t%ese strains may harbour other colonization factor
antigeﬁ apart from CFA/I or CFA/II. Recent reports
suggeqfed that human enterotoxigenic strain may harbour
a‘thiég colonization factor antigen (E 8775) (Thomas
et Qii, 1982), 9o, a battery of such new antigens may
be discovered in due course within which the other five
g,gggi may £it in. The other possibilities should also
be cégsidered in view of the recent report of the human
ente?otoxigenic strains that in addition to pili other
factors such polysaccharides, slime=layer or lactin may

med%ate adhesion (Deneke et al., 19797 Levine st al.. 1980)

¥
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(14) P;e;:"aration of CFA serat

] 'l'l
} '

CFA/I and CFA/II sera are not fully standardized

and are n?_t commercially available (Mchlman and Romero,

1982). Afx attempt was made to prepare CFA/I and CFA/II

antisera for routine di agnostic purposes. The 24 énéero-

toxige.niq’!J cultures, 25 non-ETEC cul tures were tested with

imported i:FA/I and CFA/II antisera and with the antisera

prepared {ﬁlocauy. There was 100% correlation between the
!

tests. This indicate that local antisera can be prepared

for iatg? gcale screening purposes.

(141) Serotypes of toxigenic E.colis:

5
i

';J;'he results of O gserotyping revealed that five vere
O:1l ancli the other two were untypable. The source of the
five tn‘gical strains were two from soil one each from
psrsonn:él. water and teat (Table 19)., This showed that
the sar:{é 0 sero group which was found in the milk was also
seen iri the farm environment. So the possibility of
contanqi.]nation of milk edst in the farm environment. In
these éircmnstances, inspite of the absence of the adhesin/ .
plli a:a observed,the five strains of the E.gold may still |
prove {to be potentially pathogenic if stable toxin is
produced in the milk.
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The clés‘sical O groups assocdated with CFA/I are
0115, o:zsgfo:sa and 0:178. The above classical O groups
does not il{’cluae strains belonging to other O groups
which were{reported occasionally (Gaastra and Graaf, 1982).
It was tho{xgh’c farlier that CFA/II occurs exclusively in
O group 6 and 8 (Evans and Evans Jr., 1978). But later
reports cq"'gjlfirmed' the prevalence of CFA/II in othexr groups
apart froniH 016 and 038 (i.e.) 018Q,0:85 and 01115
(Craviato l’_e_a_g al., 1982). Further the production of ST, LT,
CFA/I andgcﬂ/n are controlled by plasmids. Hence the
prevalencé may be independant of serotypes in E.cold
(Evans Jr., et al., 1977). However, it has been proved
that theﬁje is clustering of ETEC strains in ce:;:tain O groups
perhaps {;ue to unusual stability of virulence plasmids in

certain gerotypes {Evans Jr. et al., 1977).

"I‘hefl! 0 group isolated in the present study is a known
enteropafthogenic O group of infants and adults (Rang&nathan,:
1973y ,S?ingh and Ranganathan, 1974y Orskov and Orskov, 197'_'.7i:
" Mehlman; and Romero, 19823 Kumar et al., 1982). The presencé
of sero,fbroup 0111 in the dairy environment of Indian farms y
were aﬁ’so reported by Tiripathi and Soni (1982). 1In the
present study the E.coli strains of 0111 was found to
possess both virulence attributes of enterotoxin and

adhesin. It was postulated thé& the serotypes of ETEC
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may vary f£rom reg’&.on to region (Sack, 1980). The
isolates that prc',:duced ST only were found distributed
among 15 O groups while the isolates that produced both
the toxins were .{:estricted to only four groups (Back

et al., 1980). This indicated that if the isolates are
only ST producex;"is. they are likely to be distributed in
various non-claf’x"sical serogroups. Hence, the present
findings conf.trltined the possibility of enteéoto:dgenic
strains in othe’r O groups apart from classjical sero

groups.,

i
i

Out of tbe{ total isolates tested from the environment

the prsvalence/ of toxigenic nem-E.goii coliforms is presented
in table 20. fThe water and eguipments rinsed with such water
yielded high r;;umber than the other environmental niches.
Hence the contaminated water would be a potential source if

_i ;
used untreated for rinsing purposes,

|

: !i
(iv) Application of serological testss

i

i
As per,’]the recent reports it is postulated that the
virulence atjltributes of human E.coli (4ie.) adhesin and
enterotoxin .'are‘bome on the same plasmid and there is a
possibility .'.of clustering of human ETEC in certain well
defined sercf;groups (Gaastra and Grazdf, 1982). This

hypothesis recommends the use of serotyping for routine
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Table 20

il
TOXIG’ENIC ISOLATES IN THE FARM ENVIRONMENT

gi

' ae e aw M e GE Gn wa AP AP En S WS M G Mr Ge M W MW GB @D SR WA e o am

f

k Number of Number
Source ﬁ isvlates positive
Air 38 3 (7.89)
Water 38 5 (13.16)
Personnel 35 " 1 (2.86)
Teat 65 2 (3.08)
Utensila 56 5 (8.,93)
Milk 74 8 (10.81)
Total 306 : 24 (7.84)

Figure% in parenthesis indicate the percent age
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diagnosis ?ﬁ ETEC mediated diarrhoeal infections of human
and for epidemiological study of E.coli contamination in
the milk f%ods‘ While the serogrouping may be a screening
test for E?Ec and ETE& sero groups in dairy products, the
mere preseﬁce of it does not necessarily warrant the
rejection Of the milk £oods poSsessing such SErogroups.
So, the réPorts stating that mere O grouping 1is not a

satisfactéky tool and identification of ETEC for enterétoxin

assay haééalso to be borne in mind (Glatz and Brudvig, 1980b

Orskov and Orskov, 1980).

o
(v) Demonstration of X 99 pilis
'}’
out of the seven ETEC tested with K 99 specific serum,

one isolate was positive for K 99 antigen. The K 99 was

serologiéglly demonstrated from the ETEC isolated from the

milk of il

B}

had its ékigin from the interior of the udder ox from teat

cow in group A farms. The isolate might have

tip. Th?re was also a chance of contribution by the milker.

t
This colonizing factor of E.colil mediate adhesin in

|

calves, lambs and pigs (Igaacson, 1978). The farm was
I

a mixed type having swine population also. The reported
[

clagsical serotypes were 038, 019, 03120 and 0:101 in

1 ,
calves and lambs and 0164 and 0:101 in swinea (Gaastra an
’
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Graaf, 1982{:’;. A random stud;r of toxd genic and non

| enterOpat"ho;!genic E.,coli with K 99 specific antiserum

did not revyeal the prevalence of K 99 positive Oslil
serogroup dmong cows and calves in Pantnagar, India

(Kumar et 5_1\'_1_.—, 1982). BHence this reéorting of K 99 positive
0111 serogxﬁoup in the dairy environment might also probably

be a first|report in this country.

(vi) Indirect fluorescent antibody technigue (IFAT)
i - .
}

The I'CFA/I and CFA/II positive strains stained by
indirect j.j*muncfluoreSQence methods revealed peribacterial
fluorescerf{ce (Figure 8 and 9). The indirect fluorescent
antibody technique results confirmed slide agglutination

test results.

Rapi%i identification of ETEC is considered essential
for epideémiological studies of food poisoning (Marrier
et a., 1,}’9‘73). However, conventional procedure such as
isolation, identificaion and demonstration of virulence
attribut,[es are time consuming and labour oriented ‘techn.tques:
The ef,fi:éig_gcy of IFAT for identification of ETEC had been |
reported? by several workers (Hadad and Gyles, 1978;
Isaacsorfx, 1978y Moon et al., 1978y Benfield and Francis,

1980). lIn this study the demonstration of CFA/I and CFA/II
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Colonization factor antigen I in indirect
£luorescent antibody technigue with CFA/I
specific sera. The peri bacterial fluoresence
1s observed.
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Pigure 9 Colonization factor antigen II in indirect
fluorescent @ tibody technique with CFA/IIX

specific sera. The peribacterial fluozrescence
is seen.



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 confirmation of the presence of
CFA/1 and CFA/II in the sophisticated laboratories.
However, this test could not be applied in detecting a
particular serotypes of E.coli in cheese samples (Yoger

and Kershaw, 1974).

(vii) Electron microscopic study:

The toxiqénic cultures with CFA/I and CFA/II were
further examined under electron microscope. The moderate
piliation were visualised as a fuzsycoat around the
organism. In case of piliated bacteria cell wall
demarcation was not distinct (Fig.IIO). The electron
microscopy i8 one of the methods used for the cl assification

and the confirmation of the pili.

A non-piliated Klebsiella pneumoniae with capsule is

seen in Fig. 11 . This toxigenic Klebsiella may probably

be in the non-piliated phase of type 1 pili (Fader et al.,

1979). The capsule is clearly seen in the Klebsiella,

The fuzzy ooat is absent and the cell wall is clearly

distinct.
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Figure 10 Electron microsecpic picture
with moderate piliation.
sSaleney o :rw twis around
each other. wall is not nn;
demarcated. Long peritrichous flagella also
seen, x 10,000,

-
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Figure¢ 11 Ele microscopie picture of non-piliated
- with clear and distinct
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J
The CFA/I pill appeared to be non tubular: The
f£ibrea also sjihowed a tendency to aggregate twisting

around each é)ther‘ (Wadstrom et al.., 1978).

i/
(viid) Procfuetion of stable toxin in milks:
- , S

f
In the present study for stable toxin production
1
stationary cultures having low volume of milk per volume

of flask wa‘s used (Gomes et al., 1979). It was considered
necessary t'Ihat for production of enterotoxin sophisticated
equipments %uch as incubator shaker were essential as the
agitation and aeration had a significant effect on
product:l.om‘;of both ST and LT. Agitated cultures contained
twice the ﬁumber of bacteria than of stationery cultures
(undell g_it_:_ al., 1975). 1In this study, the stationary
cultures é£re agitated manually for aeration simulating

a c@nditiéfn of transporting milk at ambient temperature
in cans. f!In, the field, low volume of milk per volume of
can had b_%en observed by this researcher during transport,

This coul;l‘d provide optimal conditions for toxin production.

Out }of four cultures inoculated inthe milk media,
two prov,'e_d t0o be positive for enterotoxin production &
assayed in riabbit ileal loop technique (RILT) and
infant mouse test (IMT). In the IMT diarrhoeal scores

were taken into consideration for interpreting result
i
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(Moon et gl;,, 1878). The test was conclusively positive
as there was death of one mouse with the diarrhoeal

scores oflimo,re than three (Fig. 1§A),. One out of the two
E.coli cu:itures was positive in the RILT and one out of

i
one Citrobacter was positive in IMP and RILT. The

b_.act'.ex:j.a;l.jJ density at 16 hours after inoculation for
tox.i.geni_cé‘ cultures were six and nine logs (Table 21).

t
The control with non-ETEC was negative in RILT and IMT.

‘ Maximum yleld of stahle toxin was observed after
sever; hours of incubation under forced asration and
agitation in BHI broth (Lallier et al., 1980). The
optimum PH wanld be 7.2 with variations upto 7.8. At this

level of

7.2 = 7.8 maximal ST production occurred (Lallier
et al., 41980) |
I

I‘ha_’j positive results in two of the four cultures
1nd1cate:l; the potentiality of the enterotoxigenic
coliforrés to produce the toxin in the milk. The milk
media céluld probably contribute the required nutrients
as that{present in ST broth (Lallier et al., 1980).
The fai:;l.ure_ of the other two organisms to produce toxin
might probably be due to adverse pH due to lactic acid
pmductjion by these coliforms (Lallier et al., 1980).

Alterna,?:ively the quantum of toxin might be lesser than
I
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Figure 16 Infant mouse diarrhoeal score test in
toxin assay of milk. The left filter
paper shows the coantrol while the
right shows the pesitive result with
reddish brown diarrhoeal matter,
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10 mg per ml so that the toxin level was insufficient

to elicit reaction in the bic~-assay model (Levine et al.,
1980). Ear?lie: study in milk,also indicated that only
one out of _ithree known ETEC cultures produced only heat
labile ‘toxil.ln (LT) (Glatz and Brudyig, 1980a). No ST was

produced 11!: the milk as reported by these authors.

So th;;.s experiment has conclusively proved that
milk may sflxbstitute the CYE toxd n broth. With ideal
volume of r'}d.lk for a stationary culture, the milk may
support the growth of enterotoxigenic coliforms and
provide optimal conditions for production of toxin.
Ag the tox;i.n is preformed without the need for adhesin.
factors, t'}g'ze, milk may be potentially hazardous o produce
diarrhoeal;i 1llness to the consumers especially in infants.
Since theélca toxins being heat stable at 100°C for 30
minutes (Klipstein and Engert, 1975y.XKlipstein and Engert.
1976a,b) they could alsc be potent and a‘;:t,i.ve within the

usual heat treatment.

The optimum conditions for the production of stable

toxn a‘."e-, explicitly available when the milk is transported

|
in the half-filled or quarter f£illed cans providing

I
sufficient aeration for the toxigenic cultures which might
have enteired the milk £rom the farm environment. The

requisite] amount of agitation is provided vhen these milk
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cans are éranSported in lo#ries in the village milk
routes. jli'he stable toxins thus produced may be heat
stable anld'i may be available in the f£fluid milk given

for babie!s; Prokably the infant is not able to tolerate
even the diluted toxin which causes gastro intestinal
disordefsii. The adult may be able to withstand as the
adult mouse were found to be unsuitable for the estimation
of diarrljfoeal score (Moon gt al., 1978). Reports are

availablé that many fold increase of coliforms occurs when

the milkjis transported in cans (Fluckiger et al., 1980).

'mis hypothesis of availability of preformed toxin
in the milk exposed to near 37°C with aeration due to
agitauo!n and growth of coliforms within about f£ive hours,
may have: to be further studied in detail. The consumer
attitudés of feeding the fresh milk to the babies may
support fthe view that the heat processed dairy milk may
be a ca\;xse for the infantlle diarrhoea due to the stahle

toxins, l

(ix) Antibiotic sensi tivity:s
!
)

‘{he Tesults of the antimicrobial disc diffusion

technique for enterotoxigenic coliforms and none

enterotgoxlgenic coliforms are presented in table 22,
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Table 22

1 -
COMPARISON OF DRUG RESISTANCE IN TOX' AND TOX™ COLIFORMS

I

‘--ﬂ----—-“-”-ﬁﬂ—-“-‘—-‘-_~‘b-“-.

Antibacterial ﬁ Tox" Tox
agent coliforms coliforms
d 24 26
Ampicillin 1 100 69.23 *w
il (24 ) (18)
Cephaloridine 100 46,15  *»
{24) {12)
Gentamicin ! 0 0
i
Chloramphenicol ' 25 7.69  *w
’ (&) {2)
Carbenicillin ! 100 100
il (24) (26)
Polymyxin-B 100 100
i (24) (26)
Kana“ij.n I; 620 50 7. 69 o
{15) (2)
Co=trimoxagole ! 12.50 0 *
: (3)
{ LT3
Streptomycin 58.33 15.38
- (14) (4)
} (23) (22)
Tetracyecline 1 100 46,15  #*
: (24) (12)
Colistin ! 100 100
{24) (26)
Figures in parenthesis indicate the number of isolates
» Significant (P< 0.05) . Tox' - Toxigenic coliforms

#%* Highly signﬁficant {(P<0.01) Tox - Nontoxigenic coliforms
(Echeverriah et al.,19¢
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It may,hg seen from the table that on statistical

analySi#'toxf coliforms significantly differed from

tox coﬁiforms in seven out of twelve antibiotias.

The resistance was noticed in ampicillin, cephaloridine,
kanamyc%n, streptomycin and tetracycline. 1In co-trimoxazolé

the resistance was moderate.

g

| + -
The drug resistance pattern among tox and tox
colifor%s are presented in table 23, Among tox’ coliforms,
for seven antibiotics five isolates (20%) were resistant,
For eight antibiotics five isolates (20%) were resistant.
Twelve(isBlates (50%) were found resistant to nine to ten
anﬁibi?tics out of twelve employed. Among tox coliforms
as muc? as 84.62% were found resistant £rom four to six

antibiotics.

In a genetic study of ETEC isolated from pig with
diarrﬂoea it was found that the geneés controlling the
antibiotic resistance and enterotoxin production were
located in the same plasmid (Gyles et al., 1977).
Ampicillin resistance had also been found to transpose
into JIan:_s_i:_n__,_t_ plasmid in E.coli strain of human origin

(McConnell et al., 1979). In this study also there were

highﬁy significant development of resistance for seven

'
!
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antibiotics among tox' coliforms which subscriked to the

" view of Gyles et al.(1977) and McConnell gt al.(1979).

This confirmed the early view with ETEC strains that

genes which coded for antiblotic resistance and enterotoxin
production are frequently transferred togethexr (Echeverria

et al.. 1978a)., This study illustrates that these plasmid

borne characters are not only prevalent among ETEC, but

also prevail in other coliforms also,

The tox' califorms were hundred percent resistant to
ampicillin and tetracycline (Merson gt al., 1980). This is
in contrary to the reports of Bishop et al.(1980) and
Sack (1981) where the mastitic coliforms and ETEC were
found to be susceptible to tetracycline, wphaloridine
and ampicillin, However, the findings with tox coliforms
correlates with the study of Bishop et al.(1980). This
once again confirms that the genes which code for antibiotic
resistance and enterotoxin production are frequently
transferred together. If genes encoding for antibiotic
resist smmce and enterotoxin production are frequently
carried on the same plasmids, mtibioi:ic selective pressure
should increase the prevalence of tox’ coliforms in the
dairy environment where antibjiotics may be carelessly used

in the treatment and as feed supplement.
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This type of study was taken up by Ebheverria\g&_éls
{1981) with the E.coli in human population with judicial
administration of antibiotics. A controlled study of
this sort in a dairy farm maﬁ'enl;ghten the tranaéosing
0f enterotoxin production in the plasmids for antibiotic
resistance. The interspecies transfer of R factors along
with the transfer of characters for enterotokin,production

may also be a further study of interest,

(D) Summary

out of saven ETEC isolates cne stragﬁ'was positive
for CFA/I and another was positive for CFA/IX by slide
agglutination test. The presence of both the virulence
attributes from the dairy farm environment may be £irst
report in this country. The other five toxigenic culture
may probably have new colonization factors or other
adhesion factors. The other toxigenic coliforms did not
possess any pili antigenically related to CFA/I or CFA/II
as demonstrat ed by agglutination test. CFA spscific sera
were locally prepared and found to compare with the
imported sera. The serogroups of the ETEC were identified
ags Osll which were rare amongETEC possessing CFA/I and

CFA/II. The distribution of serotype 0O3ll of E.coli in
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farm environment was discussed. The farm water and

farm utensils contributed highest tox® coliforms, than
other farm sources., K 99 was demonstrated in one ETEC
which also possessed CFA/II. The presence of CFA/I and
CFA/II were confirmed by IFAT. Demonstration of piliated

phase of E.coli and non piliated phase (type I) of

Klebsiella was done under electron microscope. It was
also found, that the milk could support the growth of
toxigenic cultures and the production of toxin was
demonstrated in RILT . and infant mouse diarrhoeal score
test. The drug resistance pattern of toxigenic coliforms
were studied and compared with that of non-toxigenic
coliforms. Asscciation of antibiotic resistance and
enterotoxin production was observed. The toxigenic
coliforms were absolutely resistent to tetracyclines and

ampicillin.



CHAPTER VI
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CHAPTER V1

RAPID SCREENING TESTS TO DETECT MILK QUALITY

(A) Introduction

The milk is a perishable item where the bacterial
flora is in a dynamic state of multiplication, and 1if
uncontrolled, would lead to spoilage, and consequent
galvage operations {(Cousins, 1982). The bacterial flora
of raw milk depended upon the care in its production
{Mabbit, 1980a). The antibacterial lactenin system
available in fresh clean raw milk might keep the
bacterial multiplicati on especially that of Gram negative
bacteria (GNB) under control for f£ew hours from the
production because of its bactericidal property (Bjorck,
1978), and chilling of milk within this period might keep
the existing bacterial flora in its minimal metabolic
status by lengthening the generation time (Ayres et al.,
1980). But these antibacterial system might play a minor
role in the defence mechanisms and probably did little
to inhibit the dynamic multiplication of high initial
ccntaminaq&g, when the raw mllk was exposed to trbpical
temperature before chilling (Ayres et al., 1980).

The estimation of the bacterial quality of raw milk
would help in its grading (Indian Standards No.1479 =



Part I-1960). Standard tests such as dye reduction

‘tests to measure the metabolic activity of micro-
organisms could not be interpreted in terms of actual
numbers of bacteria since they Were dependant on the
metabolic rates of microbeas. Hence these tests could
only serve as an index of microbial loads. Further

they are not reliable for GNB (Luck, 1972, Ayres et al.,
1980, Cousing,1982). The enzymes of the GNB, could

break down the milk fat and protein (Mobbit, 1980a).

The role of GNB in the keeping quality of refrigerated
raw milk had been comprehensively reviewed (Cousins, 1982)
the estimation of which would‘ﬁe necessgsary as they were
dominant in refrigerated milk (Ayres et ali, 1980). The
routine plate counts for general viable count or coliform
count would consume a minilmum of 18 hours being the
incubation period (Indian Standards No.l1479-Part III-1962,

Indlan Specifications 5402 ~ 1969).

S8ince the time involved for investigation is very
1limited the microbilologists should evolve new tests or
apply avallahle suitable tests for rapid screening of
milk for enzyme producing GNB froﬁ a new unknown source.
A fully automated systems was developed for one hour

-

ldentification of the Enterobacteriaceas utilizing
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£fluorogenic substracts and lﬁminescent tests and
'reactions (Hartman and Minnich, 1981), Other systems
for rapid estimation were also reported (Gnan and

Luedecke, 1982, Waes and Bossuyt, 1982).

The Limulus amocbolysate test 18 a reliable test
for the presence of GNB. Here the clottsble blood
protein of I.q,imt;lu&' (horse shoe crab) when allowed to
react with the endotoxin of the GNB, would form gelation
thus indirectly revealing their presence in the sample
of milk, in one hour. This is considered as a rapida
test to evaluate the number of GNB by appropriate
calculation (Jay, 1977s Jay et al., 1979y Jay, 1981).
Chromogenic LAL method had been recently developed in
the diagnosis of gonococecal and nongonococcal urethritis
in man. The test results had been observed within ten
minutes (Prier and Spagna, 1983), The LAL had been
applied to detect Gram negative bacterial endotoxins in

normal as well as in mastitis milk (Hartman et al., 1976)

This preliminary study is an attempt in the
application of Limulus amoebolysate test as a rapid

screening test under Indian conditions.
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(B) Materdals and gethodq

(L) Glassware and distilled water preparat on

All glassware and utensils employed in the LAL
procedures were rendered pyrogen free. The glasswares
were completely immersed for an hour after thorough
cleaning and washing in £resh pyrogen free distilled
water. The glasswares were packed with £resh aluminium
foils and steriiized at 190°C for two hours on two

subsequent days.

The fresh pyrogen free triple glass distilled water
collected in a sterile container just prior to test was
distributed aseptically in presterilized milk dilution
bottles in 99 ml quantity and in test tubes in nine ml
quantity using measuring jars and pipettes specially
prepared for LAL test. The pyrogen free water thus
prepared was utilized within two days of preparation.
The water samples were twice tested for their pyrogenic
contents in rabbits as described by Kaplen and Timmons

{1979).

(41) Miik samples:

Individual cow's milk samples and pooled milk

samples collected in t he pyrogen free glass contalner
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were frozen till the test. A minimum quantity of 20 ml

was collected for each test,

(111) ZTest progedure (Jay, 1977)

The LAL test was performed by adding i1 ml of
quickly thawed milk into 99 ml of pyrogen free water.
The earlier attempt to extract the inhibitors by addition
of equal volume of chloroform as suggested in endotoxin
detection of blood plasma {(Anon, 1973) and followed by
Hartman et al.{(1976) was discontinued in these studies
for simplification as applied in meat studies by Jay (1971),
Jay et al.(1979), To extract GNB and endotoxins in this
study, the milk dilution lottle waa beaten in the palm of
the hand, 25 times within 10 seconds, with flve minutes
interval for three times. OCne ml of particle free homogenate
taken below the upper layer of tat was placed into a sterile
pyrogen free test tube. Serial dilutions were made up
to 100 for just drawn milk and fresh raw milk and upto
10'® for pasteurized milk, pooled aged milk and curdled
nilk samples. The LAL test was completed by inoculating
0.1 ml of each dilution in the speclally prepared narrow ‘
sugar tubes to which 0.1 ml of lyophilized standard 5
E.toxate — dry concentrate of Sigma Chemicai, Saint Louis, i
Missouri, USA, diluted with pyrogen free water as !




suggested by the manufacturer, was added. A positive
control of reference endotoxin was simultaneously added
with Limulus amoe?otlysate. The tubes were recapped
and kept in a water bath at 37°C for one hour. Totally
25 standardized tests were performed limiting to f£ive
samples each, because of limited availability of the

E. toxate ® (helation was recorded at the appropriate
highest dilution for which the results were scored in

modification of the manner suggested by Anon,(1973).
Positive results:

+++ = A s0lid gel formed at the end of one hour
++ = A 30ft gel formed & the end of one hour
+ = Only an increase in viscosity. No gel

£ormation after one hour.

Negative resul ts)

In the absence of any of the above changes

the results were recorded as negative. .

With the same milk, serial dilutions were made upto
IOP with buffered dilution water (PBS+Mgc12) (Richardson
et al., 1980) for plating out, to enumerate coliform count
in violet red bile agar (VRBA). Results were recorded as

the number of coliforms per ml of milk.
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(C) Results and Discusaion

v

The water for dilution tested in rabbits did not
show any rise in temperature and hence considered as
pyrogen free., The ability of the Limulus test to
detect endotoxins of GNB by gelation, of various samples

of milk 18 presented in the table 24.

Incidences of false negatives in the lower titres
such as 10 and 10° were encountered while gelation was
observed in higher titres. Likewise, stray false positive
were also recorded in highest titres, while the correSpondian

lower titres, showed negative reactions.

The gelation with soft gel formation in the lower
titres with increase in viscosity in the subsequent .
titres are shown 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
specific and sensitive assay in the rapid detection of
GNB in milk as was observed by Hartman et al.(1876).
The endotoxin titre value for freshly drawn milk £rom
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Figure 12 Limulus amoebolysate test showing gelation
(From right to left). In the £irst two
tubes solid gelatin is observed. From the
third to sixth tubes soft gelation is observed,
The seventh tube shows an increase in viscosity.
The eighth tube shows absence of viscosity and
thus is negative.
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healthy udder was nil, which confirmed the none
availability of the bacterial endotoxin in the freshly
drawn milk. Likewise, the high titre value in the
curdled gassy milk, indicated the presence of endotoxin
which required, higher dilution to avoid gelation.
However the coliform count of different 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 enl arged GNB spectrum (Cousins, 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 laboratories
(Jay, 1977). Howéver the inhibitory effect did not carry
on beyond 102 dilution within which no positive results
were obtained. As there was gelation beyond 102 in all
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

presence of pyrogenic material (Jay et al., 1979).

The study revealed that fresh raw milk should not

havo gelation at any dilution. A good quality raw milk,

might have gelation upto 106"'8 dilution, a pooled milk

of inferior quality upto 1010"12 dilution, and any gelation
beyond 1013 might indicate the chances for curdling. The

endotoxin oontent of pasteurized milk might represent the
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endotoxin of non-viable heat killed cells as well as
viable cells and hence no true picture could be arrived

at. No attempt was made to report the actual concentration
of endotoxin in a given sample as suggested by Anon (1973)
and Hartman et al.(1976). However future studies might

be attampted to estimate the endotoxin content per ml of
milk and correlate it with the titre value as was done

for meat samples (Jay et al., 1977y Jay and Margitic, 19 79;

Jay et al., 1979).

The minimal presence of atleast 10‘ to 105 ONB was

found essential for giving a posit.ive result (Jay et al.,
19773 Nachum and Shambrom, 198l1), whereas the present

study revealed 5elation even at 103 which was in accordance
with the study of Reinhart et al.(1981) who on operating
nebullzers observed sensitivity with 1()3 CFU per mli. This
test might be more applicable at the dairy dock to the
refrigerated raw milk held for a few days, during which

the psychrotrophic and psychrophilic GNB might be

dominating (Ayres et al., 19807 Oousins, 1982).

With regard to merits of the LAL test, the endotoxin
content of viake and dead GNB could be estimatad with

relative easiness within ex less an hour. The LAL test



<10

results 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 cellis, as the test indicated the
endotoxin of total GNB present, and not of the viable

GNB alone. The routine dye reduction screening test,
which 18 indicative of total bacterial metabolic activity
rather than GNB 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
sources of raw chilled milk might be examined by the LAL
for the GNB consisting of mesophilic psychrotrophs and
psychrophiles. Hence, though the LAL test was expensive,
it 5fi1l could be the best as observed by Reinhart et al.

(1981).

2. PRESUMPTIVE RAPID IDENTIFICATION OF COLIFORMS.

(APX 20E SYSTEM)

(A) Introduction

The Appareils et Procedes identifjication (API) based
on the work of Bussiere and Narden (1968) standardized
miniaturized version of conventional procedures for the

identification of Enterobacteriaceae and other Gram




negative bacteria (GNB). It was a ready to use microtube
system designed for the performance of 23 standard
biochemical tests from a single colony of bacteria. The

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

Entercbacteriaceae (Smith et al., 1972; Hayek and Willis,

1976, Holmes et al., 1978y Fung and Cox, 1981y Griffith
and Phillips, 1982)., The variability among biochemical
tests had been reported (Holmes et al., 1978). The results
obtained might be campared 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). There were certain limitations like carryover
of the substrate from microtube to microtube, false positive
or negative results and insufficient incubation period
(Anon, 1979, MacFaddin, 1980). However rapidity and
easiness to perform made the test System advantageous

(Fung and Qox, 1981). 1In this study the API 20E galleries
were used for rapid identification of ooliforms. The

limitations and advantages are discussed.



(B) Materials and Methods

(1) 1Isolates studieds

8ix strains of four species of coliforms (E.gcoli,

E.aerogenes, E.cloacae and K.pneumoniae) already

identified by macro methods (Edwards and Ewing, 1972)

Wwere used for this study. Citrobacter freundii was not

taken up for this study as wide variability and dis-
agreements in the percentage of positive reactions were
observed (Edwards and BEwing, 1972, Anon, 1979, Blackall,

1980).

(1i) Procedure of testings

The API 20E galleries were stored at 2 - 8°C till
1ts 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 motllity agar (Difco) was also lnoculated
and the cultures were also streaked on MacConkey's agar.
In all, the total test performed was 28 with the galleries
cf API 20E system inclusive of 24 for four species of
organisms and four to check the reproduecibility of the

results,
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(C) Results and Discussion

After 18 hours of incubation at 37°C the reactions
of the tests were recorded, wherever reagents were not
required.O nitrophenyl - [3 -D galactosidase (ONPG) and
glucose were positive in all the tests. On addition of
reagents for tryptophane deaminase (TDA) indole and
Voges Proskawer (VP) tests the results were recorded.
The motility test was recorded from the motility media,

The results of E.coli and Klebsiella pneumconiae were seen

correlated with conventional tests. The correlation and
variation with the conventional system of the E.aerogenes

and E.cloacae are presented in table 25 and 26.

The variable reaction of E.cloacae in citrate
utili{zation and slight colour change in the inositol and
sorbitol fermentation tests are shown in Figure 13. The
E.aerogenes which showed variable reactions in ornithine

decarboxyl ase are also shown in this figure 13.

The variable reaction of K.pneumoniae in the urease
reaction 18 compared in figure 14. An untypable contaminant
is shown in figure 15 along with organisms of figure 13 and
14, in a comparison. The test in API Z20E system were seen

reproduc¢able in the four species retested.
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Figure 13 \) Enterobacter
aoacaa in A

aemggg nes and Enterobacter

system



Figure 14 gtebugelga ggg§!gg§g§°1n APY 203 system.
tom gallery shows positive urease

activity.
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Figure 15 API 20E system - a comparative picture

i)
i1)

i11)
iv)
v)

Klebsiella pneumoniae

Klebsiella zggggggigg with positive
urease activity

Enterobacter aerogenes

Enterobacter cloacae

A contaminant with negative sugar
reactions
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The API 20E system is easy to perform when compared
to the conventional system, since the system was a ready
to use 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 (1981).

The system however appeared to be difficult to
identify the bacteria with the aid of differential chart
provided by the manufacturer. The aggregate reactions
of the strain had to be considered as a whole to determine
the identity. A possible combination of 221 or 2097152
resul ts could be possible as observed by Robertson and
MaclLowry (1974). Hence for an unfamiliar bacteria
identification through this process, might give rise to
problem without API index system viz. API 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 arrive
in clinical and food bacteriology. However, for the
familiar organisms, a competent microbiologist can interpret
the results using his judgements, knowledge and other

morphological characters. If necessary confirmative
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results like serology may be used before finaliy deciding
on the identity of the bacterium (Anon, 1979 MacFaddin,
1980). The diagnostic kits now available in the market
are made for medical laboratory work and suitable

modi fications are required to £fit them in the food

microbiology. The emerging food poisoning organisms like

Yersinia enterocolitica, Vibrio parahaemolyticus and

Campylobacter jejuni should also find a place in the mini

kit that may be evolved for exclusive purposes of food
microbiology (Fund and Cox, 19797 Richard et al., 198l1;

Griffith and Phillips, 1982)

But with the present kit system available for

Ent esrobacteriacae the identictication of the members of

oliforms was a simple process, with familiarity of
reactions of these organisms. The accuracy of the
results of the minitube system r anged from 83.33% to

100% in this study. Similar reports were made in the

di agnostic bacteriology (Smith et al., 1972y Hayek and
Willis, 19767 Holmes et al., 1976) and B2% to 99% of
accuracy with conventional systems were also observed

in food bacteriology (Poelma et al., 1977y Poelma et al.,
19783 Cox and Mercuri, 1978; Mercuri and Cox, 1979;

Cox and Mercuri, 1979). The organisms examined were

E.coli, E.cloacae, E.aerogenes and K.pneumoniae the




‘common members of the coliform group, in which the
results of API 20E system were correlated w{ph the
conventional test results of Edwards énd Ewing"(1972).
The diagreeements in this study with conventional system
were with E.aerogenes and E.cloacae where the percentage
was 16,67% in both the cases. However, no disagreement
with E.coli and K.pneumoniae was observed as similarly
reported by Hbges et al.(1982), The mean agreement with
the conventional system for these coliforms was 91,66%.
The results correlated with the accuracy of 82% to 99%
reported by other workers (Poelma EE|2£!¢ 1977y Poelma

et al., 1978; Griffith and Phillips, 1982).

In the individual tests, the variations were
observed in citrate utilization and ornithine deearbo-
xylase to the extent of 10.47% and 15,40% respectively.
Similar results with citrate utilization, arginine
dinhydrolasesornithine decarboxylase were also noticed
by Holmes et al,.(1978) and Blackall (1980). The possible
reasons could ke that the reactions recorded as delayed
positive with macromethods generally were shown negative
on the API chart, since this chart is based on the
results obtained in 18«24 hours of incubation. A rare
phenomenon of dublous results were encountered with
inositol and sorbitol 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 concerned (Anon, 1979)., The other
reasons, might also be the insufficient incubation

for the organisms to exhibit the reaction.

However these limitations of identification,
variation in test reations and false positive or
negative results were small and negligible constraints
when more than 83% of the familiar members of coliforms
in milk and its en&ironment were identified with ease,
rapidity and with limited laboratory facilities,
However any of the identification system, had t¢ be
followed by with serological confirmation or by
demonstration of atleast one of the virulence attributesof

ETEC or other members of collforms.
(D) Summary

The Gram negative bacteria (GNB) are enzyme producers
which may affect the quality of milk food. The GNB include
mesophilic and psychrophilic bacterfa. The LAL test was
used as a ?ggid'screening test to detect the endotoxin
level produced by the GNB, which included psychrotrophic

coliforms also. The results were obtained within an hour



and reflected the endotoxin of both viable and non
viable cells of GNB. The mean value of total microbial
endotoxin titre for raw milk, chilled pooled milk,

pasteurized milk and curdled milk were ldﬁ. 1010, 1010'6
‘and 101'6'4 ré5pective1y.

For preliminary identification purposes a rapid
minitube identification system (API 20E) was used. The
percent age of agreement between this test and cOnvéntional
test results was acceptable for assignment of the familiar
isolates to the species level. There were orxrelations
upto 83.33% in cases of E.cloacae and E.2erogenes while the

correlation was 100% in E.coli and Klebsiella pneumoniae,

Individual tests like ornithine dfcarboxylase test and
Simmon's citrate utillization reactilons were found to deviate

from conventional system by 15.4% and 10.47% respectively.

The constraints with these two systems were non
availability of indigenous Limulus amoeboclysate and
mini test strips and hich cost of their import. These
impediments could be warded off for the easiness and
rapidity in the test procedures. With experience, the
reading and interpretation of the results of minitube

identification of familiar coliform isolates could be

easier,



COMPOSITE PICTURE OF THE STUDIES
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FIGURE 18

COLIFORMS AND THEIR TOXIGENIC STRAINS IN DAIRY M
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E.cloacae C.freundii

Figure in numerator indicate number of toxigenic isol ates
Figure in denominator indicate number of total isoclates



CHAPTER VII

'‘COMPOSITE PICTURE ON THE STUDIES OF COLIFORMS OF RAW MILK
AND THEIR TOXIGENIC POTENTIAL IN DAIRY ENVIRONMENT

{1) JIntroduction

Social attitudes have recently made a greater impact
on food protection than earlier days and will continue to
do 80, Increase in urban influx bring the change in the
social att;tqﬁ; of the population. This urban population
necessarily depend on supply of milk by organised dairies,
These organised dairfes enhance the procurement operations
year after year from the remote villaées of the milk sheds.
The raw milk thus procured reaches the consumer after
procesaing, a few days later after the procurement. This
period exposes the milk to microbial threats of spoilaga
off f£lavour, intoxications and degradation of the nutritional
quality., OGonsumer attitudes remain very positive in
cbtaining fresh milk 4{€f it is made available without
adulteration., The non availability of £resh milk 4in
metropolis brings about changing consumption pattern of
switching over to processed milk which is evident in the
last few years. The milk borne microbial threats are
still unrecognised though infantile diarrhoea are popularly



attributed to feeding of packed milk. This awareness
towards food safety and quality necessiates changes in

fcod protection activity.

This study is broadly based on this congept that
milk borne microbial threats are especially of those -~
coliforms which were hitherto conaidered as indicators
of pathogena. An 1ntéresting feature of this old concept,
was that the so called 1ndicatof organisms by themselves
produced heat stable enterotoxins that could be carried
through alnghe stages of proceseing whereaa the pathogens
themselves are destroyed at pasteurization temperature

(Kaplen Q_E .a_g._-" 1962)0

The exposure of milk in the farm environment to the
contaminating sources like air, water, unclean equipments
personnel and cow ltself are more ﬁhen compared to closed
pipeline circuits in the dairy plant. After contamination,
the milk is exposed to conducive temperature of microhaal
maltiplication at the farm, whereas in the plant the milk
after heat processing is chilled. So the milk borne

microbial threats at farm level are greater.,

The earlier reports on the study of dairy environmental
sanitation were scanty. Available studies indicated that

enterotoxigenic collforms were not commonly found in the
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dairy farm environment (Glatz and Brudvig, 1980a).

However, a greater understanding and appreciation of the
importance of bacteriological quality of raw milk had
developed in the last decade (Mabbit, 1980a,b) Gram
negative bacterial (QVB) threats were greatly implicated

due to their enzyme production and enterotoxin production
(Cousin$ 1982)., The coliforms are mesophiles and could

also multiply in refrigerated condition (Foster et al.,

1958y Cousins, 1982)., The factors influencing the
bacteriolq&gcal quality of raw milk had been well documented
(Pluckjigar et al., 19807 Gshriger, 1980; Mabbit, 1880p,,0-,
Palmer, 1980). Milk food borne out«breaks due to E.coll
causing diarrhoeal 111#635 was an emerging problem £rom

the late seventies (Mshiman et al., 1976y Sack, 1980;
Mehlman and Romero, 1982). This ecolaogical study has
attempted to identify the contaminating sources of the
enterotoxigenic coliforms in the farm environment, their
toxigenic potential, their ability to grow in milk and
related study on toxigenic califorms{ Figure 17 and g].

2. ENVIROGNMENTAL COLIFORMS
Different farms were chosen and grouped into A, B

and C depending on the commercial orientation and

sanitary practices adopted. Environmental sampling were
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done (Table 1) at the farm as suggested by International
Dairy Federation (Mabbit, 1980a,b; Palmer, 1980).
Insufficlently cleéned and sanitized surfaces of the farm
utensils were frequently found to be the major source of
coliforms in ex-farm milk as also xeported by .Mabbit,

1980}, (Table §). Effective washing and cleaning with
iodophor at 75 ppm p¥evented this contamination. The _
milking personnel and teat (exterior) were other significant
sources of contamination (Table 6). FParm &lr and water were

of lesaer{?;gnificance (Table 3 and 4). However, farm water
~
had more percentage toxigenic coliforms (13.16%) followed by

the surfaces of the utensils rinsed with these watar (8.99%),
The other miches had comparatively leas strains with
toxigenic potential (Table 20). Sampling of milk were also
taken as raw, pooled and commingled milk at various sources.

which included dairy dock aiso. The coliform density which

included E.coli, Klebsiella, Enterobacter and Citrobacter

species was identified and was found that the tepxesentationf
of each member of the coliform group varied from group to

group of the farms (Table 10).

E.coli dominated wherever insanitary conditions
prevailed. K.pneumoniae dominated in the farms where
sanitary practices were adopted: Though €itrobacter

freundii had the lowest distribution (10.79%), they had
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the highest number of strains (15.15%) with toxigenic
potential (Table 17). Probably the variations in the
distribution of members of coliforms were due due to
the presence of each member of the coliform group in

the dung of the cattle population and its diaposél.
3. COLIFORM DENSITY IN RAW MILK ,

A detailed study at the level of coliforms at
various stiljes of production and handling was also made.
A total of 227 samples were tested to assess the coliform
ievel (Table 2). The only guideline of absence of coliforms
in the dilutions of 1:100 for grading of raw milk supplies
had been suggested in Indian Standards No.1479-Part I1I-
1977. When this standard was applied none of the pooled
milk samples and commingled milk samples complied to the
satisfactory standards and the conformance level was zero.
The raw fresh milk produced in the group C farm only was
found to comply with this standard. So, as far as these
standards are concerned, the applicablility micht be remote
as simjilarly reported in other studies géahlot et al., 1975;
Singh and Ranganathan, 1978). With the absence of milking
machines and farm refrigerated bulk storage tanks and

this
transport of raw milk in tropical climate |standard would be
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too rigid and almost impossible to attain at the aceaptance
ievel. So, realistic standards to suit individual regions
at various levels of raw milk handling had to bes suggested
by the national body. In this study with enforcement of
économically‘possible hygienic milk production, thg
researcher did obtain 28,000 coliforms per ml of milk &t
the acceptance dairy dock while it was 1.70 million per ml
from the uncontrolled milk sheds (Table 9). So the coliform
count of 28,000 per ml may be explicitely imposed as an
accept able levgg at the dajiry do¢k thouch a desired level
may be sei around 10,000 per ml. The existing Indian
Standards No,.l1479-Part II1I«1977 might be made applicableo
for the individual raw fresh milk at the farm level.

4, RAPID TESTS OF THE FUTURE ,

Por‘identﬁfication purposes a rapid minitube
identification system {API 20BE) was adopted (Fig. 13, 14,
15). A screening test that wag already available to
detect ﬁhe endotoxin level of Gram negative bacteria {GNB)
in plasma, hospital equipments and urine was also used to
detect the endotoxin due to Gram negative bacteria in milk

3

(Fig. 12).
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The test was based on gelling property of the
lysate of the amoebocytes of Limulus polyphemus in the
presence of endotoxins of the Gram negative bacteria
(Hartman gt al,, 1976j Jay, 1977). These two simple
rapid systems might find a place in the dairy industry
for the screening and identifying ceoliforms as they
were acceptably correl ated with microbial quality of
milk and conventional systems of enumeration of coldiforms
and identification {Tables 24, 25, 26), These tests are
easy to perform without involving much iabour. Howsver,
the constrainks are high cost due to import, lack of
availability of experienced worker %o interpret these
tests and certain drawbacks in the true reflection of
the microbtal quality of milk. Ofcourse these impadiments
could be warded off in the near future when their usefule

ness and importance are made known.

5. DEMONSTRATION OF VIRULENCE ATTRIBUTES

On identification of 306 coliform isolates, they
were further processed for identification of toxigenic
potential present in them: The ldentification system

of the toxigenic E.goll were considered as an Hexrculian's
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task as many isolates were to be examined either by
bjiocassay or by other systems (Sack, 1981). To ease the
tedious process, screening tests identifying the presence
of &ihesin or pili which was considered as associlated with
the toxin attribute had been attempted {Evans gt al., 1975
and EBvans and Eva&s Jre l97$: Gaastra and Gradf, 1982},

'

() Detection of adhesins;:

In human enterotoxigenic E.coli antigenically
di £fferent "\:ﬂgo adhesive factors termed as CFA/I and CFA/IX
had been identified. The presence of these fimbrial antigen
could be identified by expressing the manifestation of their
adhesive propertiles. ' Haemagglutination was the £irst observed

manifestation (Duguid et al., 1955),

A haemagglutinating typing system had been proposed

to identify the CFA/I or CPA/IX (Evans et al., 1977;

Evans Jr. gt al., 1979). The presence of this pili in
_E;'._c_g}.__:g_ and probable presence of such type of pili or
adhesion factors in non=E.goli coliforms were detected

by using MRHA of human A and bovine erythrocytes. All the
308 cultu“res- were tested by this way and the MRHA pattern
observed. " The MRHA of human A and/or bovine erythrocgytes

were present in the E.coli and also in non-E.goli coliforms.
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The percentage of distribution was nearly similar fin some

" of the non-E.coll coliforms compared to the E.coli (Table 12)
It is suggested that there had beeﬁ some agglutinating
faotors like that of _12_._(_:__9}__:!; in the _I{».'Lebsie;.la-‘ and other
coliforms, The hypothesis of intergeneric transfer of
pl e8mids, between related species might be correlated with
these £indings (Guerrant et al,, 19765 Klipstein and Engert,
1977). Type I fimbriae were not present in all kut two of
the 58 MRHA positive Klebsiella, when tested for their
presence by g‘fSHA of guinea pig erythrocytes (Table 14)
(Fader et al., 1979). Puture study may probably reveal the
relationship {f any between the GFAsS and type I pili of

Klebsi el}la,

Totally 130 cultures were ildentified to possess the

\haemagglutinating activity for human and or bovine (CFA/I)

. and bo%ﬁggé;’{gne (cFA/1X) (Table 12). These strains were
serologically tested by slide agglutination test for CFA/I
and CFA/II with specific antisera, Only two E.coli isolates
were found positive in this test (Table 13). None of the
non=E.coli coliforms pc;ssessed any antigenic rxelationship

with CFaas.

(B) Detection of toxigenic potentials

The MRHA positive cultures (130) were subjected to
bioassay in rabbit ileal loop test for assay viz. the



other virulence attribute of the enterotoxigenic bacteria.
The assay of labile toxin was not taken up since the
organism capable of producing the labile toxin and the
labile toxin produced by them are heat labile at
pasteurization temperature or subsequent boiling of milk
at home (Burgess et al., 1978); whereas the stable toxin
was found to withstand even the 100°C for 30 minutes
(Kiipatein and Engert; 1975 Klipstein and Engert, 1976a,b)
This bloaasay detected presence of 24 toxigenic organisms
in the colifqrm group (Table 15): There could be presence
of undetectable level of ﬁoxin also. The rabbit model
responded to the enterotoxin assay with an appreciable
distention of ligated ileal loops (Fig: 2 and 3): These
toxigenic organisms constituted 18.:46% of the total MRHA
positive strains and 7.84 (Table 17) of the total isolates,
These £indings coincided with the study made by Sack gt al.
(1977) 4in which 8% of the E.cold isolates from the food
produced enterotoxin: However, the recemt report of
presence of less than 1% of ETEC among hospital environe
mental isolates (Mehlman and Romero, 1982) probably
suggested the higher sensitivity of the bloassay model
employed in iizis study: It is now pertinent that other
colliforms also produced the enterotoxins as that of the

E.coli (Table 15)., Perhaps in the light of the study
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made by Glatz and Brudvig (1980a) the isolation and
. ddentification of the toxigenic E.coli from dairy

S et

environment reported in this study might be a”f'irst'

-~

!_.'eport. )

-

Though the other coliforms hald been attributed
as putative causative organisms in addition to E.gcoli
in paediatric diarrhoea (Sadruddin gt al., 1981}'; their
demonstration as toxigenic organisms in £arm environment
had not bsen reported. 8o this identification of other
toxigenic cUliforms in i;—he £ &rm environment :'might. also
pr::bably be the first report of this kind. ‘,I'h; 24
enterotéﬁgenic cold forms were tested for serological
identification of the presence of CFA/Iy CFA/II and K 99
with typa specific sera by slida agglutination (Table 18).

All the coliforms other than E.coli were found to
be negative to posgess related antigens of CFA/I and
CFA/II. Out of the seven E.coli, one was positive for
CFA/I and another was positive for CFA/II. Among E.coli
thése tvo isolates were conclusively proved to possess
the two virulence attributes by indirect fluorescent
antibody technique and electron microscopy (Fif.3,3and10).
All the seven E.coli was also tested with K 99 specific

sera and out of this, one which was serologically positive
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for CFA/II was also found to possess K 99 pili. It
indicated that a particular strain might be &le to
produce more than one type of f£imbriae or adhesin
(Gaastra and Graag, 1982). The CFAs positive and
enterotoxin positive isolates indicated the cloge
plasm.:!.df borne asscoclation between the presence of

CFA3 and production of ST. Probably in other isolates
there may be presence of unidentified new pili as

{E 8775 or other adhesin factors (Levine et al., 1980
Thomas et al., 1982), However, the absence of
colonization factors$or adhesins are not of much
significance &J7 these E.gcoli are supposed to be
destroyed during heat treatment and hencs unlikely to
adhere in the human gut. So even the presence of both
the virulence attributes for colonization of the anterior
part of the intestine and then enterotoxin production are
not essential in raw milk. The presence of single
attribute of producing potential exterotoxin in any of
the coliforms would be sufficient to preform the heat
stable toxin before the heat destruction of these

organisms(Craviote et al., 1982).

(6) SEROTYPING OF E.COLI

The sero grouping of the seven E.celi revealed
that they belong to 03ll. Though this is not a classical

O group possessing CFA/I and CFA/II as reported by
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Gaastra and Graaf (1982) the association of this sero
group in diarrhoeal diseases of human and calves had
been reported from India and abroad (Singh and

Rangamthan 1974y Tiripathi and Soni, 1982; Mehlman

and Romero, 1982; Kumar et al., 1982). This aero group

i o s T

was distributed in a farm environment 1n water, personnel

- - - - e - e g g T
——————— N T
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and the teat of the animal and ultimately in milk. Other

—— e S —
o o o "~

coliforms ware alao like wise distributed in air, water,

utensils, teat and milk (Table 19). This indicated the
potential presence of toxigenic coliforms in the dairy
environment iuich might subsequently get into the milk.

The agglutination testing of ETEC with K 99 antiserum
revealed presence of K 99 plli in one of the seven ETEC
cultures. This isolate was made from the milk of a
individual cow. The 0:ll serogroup with K 99 was not
in the classical serogroup already reported (Gaastra and
Graaf, 1982). Thus the extra intestinal source of K 99

positive 031l ETEC is of significance.

(7) DRUG RESISTANCE PATTERN OF TOX' COLIFORMS

The antimicrobia sensitivity pattern of enterow
toxigenic coliforms were significantly different from
that of nonw~toxigenic coliforms isolated (Tables 22, 23).
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stotance o)

* Multiple drug resistance and resistdnce to' ampicillin,
‘tetracyclines®cephaloridines wete Bgﬂéiénificancea
Evidence for plasmid borne characters and associ ation

of characters of drug resistance and enterotoxin
production were strongly implicated. The study indicated
the possibility of inter species &£ transfer of R factors
and gggf plasmids and warranted further study in the light
of car@less use of antibiotics in the treatment and as

feed supplement.

(gs ENTEROTOXIN PRODUCTION IN MILK

The possibility of production of enterotoxin in
the laboratory substituting the toxin’broth in milk
was also studied. The oconstituents of the milk would
support the growth of toxigenic coliforms, as the
constituents in toxin broth (Lallier et al., 1980).
out of the four toxigenic cultures tested, two could
evidently produce toxiris at dstectable level in milk.
Probably, the other two would have also produced the
toxin which ocould have been elucidated, had the culture
suspension QSQ concentrated, thus throwing the light on
possible production of the toxins by 7.84% of the
coliforms,identified as toxigenic isolates in the milk
during transport. The milk gets aerated and agitated
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at the ambient temperature during transport in the
 uneven village milk routes. The time of exposure of
raw milk to the ambient temperature, pH of milk and
subsequent chilling to 4°C were also found near optimal
to the ideal factors, conducive for the enterotoxin
production and its stability (Lovett et al., 1979y
Lallier et al., 1980):; Even the antibacterial system
would not retard the «m‘ﬁltiplication of coliforms if

the initial level of contamination was heavy. Such a
prgformed hUht stable toxin which could withstand 100°C
for 30 minutes (Klipstein and Engert, 1975y Klipstein
and Engert, 1976a,b) might potentially be hazardous and
the production of infantile diarrhoea might occur when
such milk was fed to unexposed infants. The exposure
of these infarts to the preformed toxin was similar to
travellers' diarrhoea among travellers, f£from developed
countries to the developing countries ('Sack; 1980s Sack,
1981). Infant mice also responded to the diarrhoeal
score assay in three hours at 37°C when such 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 the experimental mouse

study with the reality in the infantile dlarrhoea after

milk feeding.



(9) BACTERIOLOGICAL ANALYSIS OF MILK FOR ENTEROTOXINS

In the examination of milk a simple estimation of
quant.'l:t ative bacterial load had keen found to be very much
insufficient, 1In this study the presence of two virulence
attributes had been established beyond doubt in atleast two
isolates. Thé presende of pili had been further confirmed
by indirect fluore,sceﬁi microscopy and electron microscopy
So, mere enumeration of the coliformg as it had been
prescribedﬂgouldonly roughly indicate the milk guality.
As 7.84% of the coliforms in milk were ﬁoﬁnd to be
potentially toxin producers, some other qualitative assay
should invariably be incorporated. In these circumstances
easy assay procedures should be evolved to detect the heat
stable enterotoxin or the organism producing such toxins.
The detection of pili antigen elther by MRHA test or
serological tests could be very much erroneous as the
correlation between the main virulence attributes (i.e.)
toxin production and adhesin factor (pili) were found
to be as smaller as two out of seven in E.coli. Again
suitable serologlcal tests or @taﬁlismd £fool proof
heemagglutination test were absent at present as far as

non E.coli coliforms are concerned. As the adhesins



attribute was not considered essential to produce toxin
in milk, the identification of enterotoxin attributas
would be the only needed method in the non clinical and

extra-intestinal isolates.

In the present study it was found that it is easy
to detect the enterotoxin level by using rabbit ileal
doop technique (RILT). More tﬁan 10 samples could bhe
tested in one animal and this animal model was nmore
suitable £6r STb assay. The milk samples may be concene
trated to elicit detectable secretory response in the
intestine of the rabbits. With an experienced worker,
the laparotomy operations could be completed in 28
minutes and the results could be seen in another six
hours after terminal anaesthesia. The interpretation
Oof the results could be completed in fifteen minutes.

A quantitative enumeration by plate count technique
coupled with qualitative agsay of ST in rabbit model
would sult the present needs. As the antigenicity of
the stable toxins were also currently assayed (Gianella
et al., 1981) and synthesis of stable toxin had been
attempted (Klipstein, 1983a,b), the serological test
might in due course replace the bicassay of ST as in

labile toxin. In such circumstances the simple
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staphylococcal coagglutinin test might conveniently

" replace the bloassay.

In the farm side it was proved that compaign on
clean milk production would bring down the total coliform
level from nearly two million to 28,000 per ml at the
dairy dock. The optimal chlorination of water, judicial
use of lodine compounds in cleaning and sanitization,
sanitary milking, hanaiing and rapid chilling are
practicable possibility in clean milk production. 1In

gy

this study1¥1 had been observed that farm water possessed

____,,/“Mv-v ~o s - S ‘ e

highest percentage of toxigenic isolates (Table 19). The
. w"‘ .

e—— T v i

w;;;ent findings that the sub-lethal chlorination might
injure the toxigenic coliforms had thrown a new light
(Wwalsh and Bissonnette, 1983). So such a low level
presence of chlorine and possibly iodine might injure the
coliforms and affect the toxligenic potential though not
totally be lethal to these organisms.
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E.coli (27.12), E.aerogenes (11.44), E.cloacae

In the 227 milk samples tested for coliform density
from three different farm sources, and milk sheds only
the £resh milk had coliforms less than 10/ml. The added
contamination and dynamic multiplication started right
from the milk let down. At the acceptance dock the
coliform density of commingled milk varied from a mean off
28,000/ml to a mean of 1.76 million per ml depending on
the satltation practices prevailed at the milk sheds.
None of the pooled or commingled milk complied with
Indian Standards No.l479-Part III-1977. As the conformance
level was absolutely absent in these cases, there needed
a rethinking on the highly rigid unrealistic standards at

acceptance level in tropical countries.

‘The E. coli and other coliform isolates were screened
for the adhesion attributes of enterotoxigenic organisms.
by mannosge resistant haemagglutination test (MRHA) of
human A and/or bovine erythrocytes.

The MRHA positive E.coli constituted 56.63% of the
positive group; K.pneumoniae formed the next with 47.93%
followed by C.freundii (33.33%), E.aerogenes (22.86%)
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and E.cloacae (17.65%). The MRHA positive isoclates

were serologically tested with CFA/I and CFA/IX

specific sera by slide agglutination test. E.cold
strains producing haemagglutination of human and/or
bovine erythrocytes but lacking colonization factor
antigen/I (CFA/I) or CFA/IIX wére encountered in 45

out of 47 strains. None of the nonggﬂgg;§ co1iforms
were serologically positive with CFA/I and CFA/IX sera
The probability of the presence of certain £imbriae of
different antigenic type was indicated with other non—‘
E.cold coli{fgnns. since all were antigenically
heterogenous to CFA/I or CFA/II. Type I pill in
Klebsiella could be demonstrated by mannose sensitive
haemaggluilnation (MSHA) of guinea pig erythrocytes in
two out of'Sa MRHA positive isolates indicating that the
MRHA of human and/or bovine erythrocytea by this species

was probably due to other factors.

*

All the MRHA positive strains were inoculated in
the Casamino acid yéast extract (CYE) broth to test
their potentiality in enterotoxin production. 1In the
bioassay using rabbit ileal loop technique (RILT) 24
isolates, out of 130 MRHA positive coliforms (18.46%)
were found to be potentlally enterotoxigenic. C.freundii

topped the percentage (45.45%) followed by E.cloacae



(33.33%), K.pneumonise (15.52%), E.coli (14.89%) and

E.aerogenes (12.50%). Citrobacter freundii though
represent only 10,79% of the total coliform isolates
had more strains with toxigenic potential. Out of the
total isolates, species wise C.freundii had toxigenic
strains of 15.15% follawed by E.coll (8.43%),

K.pneumoniae (7.43%)7 E.cloacae (5.88%) and
E.aerogenes (2.86%). Among enterobacter, E.cloacae was
found to be more pathogenic than E.aerogenes. In the
farm environment water source had more toxigenic
colifotmsﬂ? (13.1,6%) followed by equipments or utensils -
washed with such water (8.93%).

The toxigenic coliforms were once again tested
with lower working dilution of CFA/I, CFA/II specific
antisera, One ETEC was positive with CFA/I and another
with CFA/1I. The demonstration of CFA/I and CFA/II in
two ETEC 1éolates by agglutination test was confirmed
by IFAT and electron microscopy. One of the ETEC with
CFA/II was found to possess K 99 pili by specific serum
agglutination test using K 99 specific serum. The ETEC
ware serotyped. In this f£ive ocut of seven belonged to

0t1l serogroup. This serogroup was found distributed

in the environmental nichea of the farm and the milk.



The demonstration of both the viruleénce attributes
in the E.cold of 011l group in dairy environment might
probably be the first report in India. The demonstration
of K 99 pili in an ETEC of 0:ll 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 from the
milker's hand or £rom the teat canal., The entei:ot:oxigeniq

Citrobacter, Klebalella g«‘.‘z";-‘ntgropgci;gr species from the

dairy farm environment were also reported now though
ﬂ? .

their pathogenicity had already been demonstrated in

infantile diarrhoea.

In an experimental study the enterotoxin could be
produced in milk by inoculating four proven toxigenic
isolates, TwWo organisms could produce detectable level
of enterctoxin by stationary culture method, This result
could conceivably expl ain the probable production of '
enterotoxin in milk handled in low volume per wlume.
of cans during transport and hold ups. 1In that case
the diarrhoeal syndreme in infants after feeding such
milk reguires further study to attribute this reason.
These toxins produced in milk could elicit dlarrhoeal

response in young mice.



251

The drug resistance pattern of toxigenic coliforms
revealed that this group was significantly different from
non=-toxigenic coliforms. The hypothe;is of genes which
code for antibiotic resistance and enterotoxin production
are frequently transferred together was confirmed in this
study. This type of study which was hitherto limited to
E.coll alone wag extended to other members of coliforms
in this study. The toxigenic coliforms were significantly
resistant to ampicillin, tetracycline and cephaloridine.
Multiple dxug resistance patkern was also observed in

toxdigenic coliforms,

A simple sc:eéni’ng test for endotoxin of Gram
negative bacteria (GNB) was applied., The test called
Limulus «;lmoeboly.sate test l'__LAIQ was sensitive enough to
detect presence of endotoxins in raw milk, pooled milk and
pasteurized milk. Coliform: dsnsity as lqw as 1600 per
ml was detected by this test though the minimum number
was varlahle in other reports. The other Gram negative
bacterial load of the milk could not be estimated. 1In
the pasteurized milk presence of viable and non-viable
GNB tilted, the correlation of viable coliforms and
endotoxin content. The limitations and advantages of

this test were discussed.
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The rapdid minikit identification system (API 20E)
was applled for the identification of different species
of coliform group. With a limited study it was concluded.
that atleast 83.33% of the results of API 20E system,
correlated with conventional system. Certain disagreements
with ornithine decarboxylase and citrate utilization tests
were encountered. -This system could be utilized by the
microbiclogists asﬂ;l_.,p 45 rapid, easy to perform without

much labour forde involved.

It ‘}'s clear from the attempted ecologlical study of
coliforms that the presence of these organisms in milk ,J
should not be taken only as indicator/index organisms | v
for pathogens. Apart from the quantitative study, thelr
toxigenic potential should also be identified, in Bimplf'e,
assay methods like rabbit ileal lcop technique: In sucr; '
cases, the cases which were hitherto considered as
"etioclogy unknown®" may get"themselvea identifled as a

known cause,
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