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Water	Filters	That	Remove	Total	Coliform	Definition.	Coliform	bacteria	are	naturally	occurring	microorganisms	that	are	found	in	topsoil	and	surface	water.	Effects.	The	occurrence	of	coliform	in	the	water	indicates	the	possible	presence	of	disease-causing	bacteria	from	Types.	Filtration.Gravity	Fed	Filters	for	Coliform	Bacteria.Probably	the	simplest
system	is	the	gravity	fed	filter	that	sits	on	a	counter	and	passes	the	water	through	several	types	of	media.	You	can	remove	coliform	bacteria	plus	heavy	metals,	pesticides,	pharmaceuticals,	arsenic,	fluoride	and	so	much	more.	They	require	no	installation	and	no	power.Prior	to	installing	the	unit,	our	well	water	tests	which	were	performed	by	Penn	State
University,	showed	Total	Coliform	Bacteria	=	157,	E.Coli	Bacteria	=	0,	pH	=	6.2,	Total	Dissolved	Solids	=	284,	Nitrate+Nitrate	=	5.6.	After	installing	the	unit,	all	the	bad	stuff	has	been	virtually	eliminated.It	is	advised	that	UV	purification	should	not	be	used	for	water	supplies	where	total	coliform	bacteria	exceeds	1,000	colonies	per	100ml	or	fecal
coliform	bacteria	exceeds	100	colonies	per	100ml.	Also,	the	untreated	water	entering	the	unit	must	be	completely	clear	and	free	from	any	suspended	sediment	or	organic	matter	to	allow	the	UV	light	gain.water	filters	that	remove	total	coliform.	A	54-year-old	member	asked:	Please	explain	which	filters	remove	floride	from	water?Dr.	Gary	Sandler
answered.	53	years	experience	in	Dentistry.	Fluoride	filters:	I	suggest	you	do	a	google	search	or	ask	your	local	plumbing	supply	house,	home	depot	or	lowes.If	you	are	using	well	water	and	have	a	total	coliform	bacteria,	you	need	to	use	either	chemical	treatment,	uv,	reverse	osmosis	or	a	filter	that	is	less	than.5	microns	in	size,	as	marcus	stated.You
can	also	get	a	countertop	or	undercounter	purifier	like	Seagull	or	PurestOne.	They	are	a	bit	expensive,	but	will	keep	your	water	protected.When	the	coliform	bacteria	are	detected,	the	filter	coliform	bacteria	in	well	water	is	required	to	be	done	for	the	same.The	bacteria	can	be	treated	by	ultrafiltration,	disinfection,	chemical	oxidation,	reverse	osmosis,
microfiltration,	carbon	filtration	or	particulate.If	total	coliforms	are	detected,	the	systems	must	also	be	tested	for	E.	coli.	If	excessive	E.	coli	or	total	coliforms	are	found,	then	the	water	supply	must	take	action	to	identify	and	fix	the	sanitary	defect	that	resulted	in	the	contamination.	It	is	recommended	that	all	private	water	supplies	be	tested	for	total
coliform	bacteria	each	year.There	are	a	number	of	ways	to	remove	bacteria,	including	coliform,	from	your	water.The	easiest,	most	affordable,	and	most	effective	way	for	a	homeowner	to	protect	their	water	supply	from	these	bacteria	is	to	us	a	UV	System.	A	UV	system	is	a	metal	cylinder	that	houses	a	UV	lamp.	Water	flows	through	the	steel	chamber
and	any	bacteria	are	exposed	to	high	amounts	of	UV	radiation.Carbon	filters	will	interfere	with	the	chemical	action	of	the	chlorine	bleach.	Remove	all	items	from	the	vicinity	of	faucets	and	outside	hose	bibs	that	may	be	damaged	or	discolored	by	the	bleaching	action	of	the	chlorine.	Establish	the	amount	of	chlorine	bleach	needed.	Take	the	number	of
feet	of	water	in	the	well	and	divide	it	by	66.Ultra	Violet	systems	are	normally	used	on	water	where	e-coli	and	coliformare	present	or	have	been	present	in	the	past.	The	system	is	placed	in	your	main	water	line	where	a	UV	bulb	is	in	a	clear	sleeve.	The	water	then	flows	by	the	lamp	and	the	light	from	the	bulb	kills	the	bacteria.Coliform	bacteria	in
drinking	water	is	not	typically	a	concern	of	many	home	owners.	This	is	primarily	due	to	the	fact	that	there	are	controls	in	place	to	eliminate	and	prevent	contamination	in	the	municipal	water	supply	and	a	overarching	sense	that	well	water	is	inherently	clean	and	safe.Bacteria,	including	total	coliform	bacteria	and	Escherichia	coli,	were	found	in	as
many	as	one	third	of	a	subset	of	400	wells.	United	States	Geological	Survey	E.Coli,	or	Escherichia	Coli,	is	a	type	of	coliform	bacteria.	Coliforms	are	bacteria	that	are	found	in	the	intestines.Our	Whole-House	ULTRA	VIOLET	(UV)	PURIFICATION	SYSTEM	will	KILL	VIRUSES	AND	BACTERIA,	including	E.coli,	Coliform	Bacteria,	Salmonella,	Giardia,
Cryptosporidium	&	other	water-borne	Micro-organisms	that	can	cause	such	diseases	as	Typhoid	Fever,	Flu,	Tetanus,	Polio,	Dysentery,	Cholera,	Meningitis,	Infectious	Hepatitis,	and	Respiratory	Diseases!Experts	say	the	Pur	CR-6000	2	Stage	Water	Pitcher	is	effective	at	removing	lead	and	organic	matter,	and	blind	taste	tests	give	Pur	pitchers	top
marks	for	the	best	tasting	water.	Although	the	filter	isnt	designed	to	treat	water	for	any	kind	of	bacteria,	tests	show	that	it.List	of	related	literature:In	the	past,	the	sanitary	quality	of	drinking	water	was	judged	by	a	most	probable	number	(MPN)	or	membrane	filter	count	(MFC)	of	coliform	bacteria,	and	the	maximum	contaminant	level	was	set	at	1
total	coliform	per	100	mL.	fromThe	Civil	Engineering	Handbookby	W.F.	Chen,	J.Y.	Richard	LiewCRC	Press,	2002FAST,	SIMPLE	WATER	STERILIZER	The	Ster-O-Lizer	Model	310	supplies	bacteria-free	water	without	filters,	chemicals,	ultraviolet,	boiling,	or	reverse	osmosis,	states	the	company.	fromCommercial	News	USA.by	United	States.
International	Trade	AdministrationU.	S.	Department	of	Commerce,	International	Trade	Administration.,	1981As	a	result,	the	EPA	has	a	special	regulation	called	the	Total	Coliform	Rule	that	requires	all	public	water	systems	to	monitor	tap	water	for	total	coliform,	which	is	easier	to	find,	as	a	first	indicator	that	there	might	be	something	wrong	with	the
water	supply.	fromBottled	and	Sold:	The	Story	Behind	Our	Obsession	with	Bottled	Waterby	Peter	H.	GleickIsland	Press,	2010Coliform	bacteria	are	often	used	as	a	measure	of	disinfection	efficiency	in	chlorinated	drinking	water	and	may	be	incompletely	enumerated	by	currently	accepted	MF	procedures	(APHA,	1981).	fromAdvances	in	Applied
Microbiologyby	Allen	I.	LaskinElsevier	Science,	1983Two	other	microfilters	have	test	results	that	meet	the	EPA	standards	for	removal	of	viruses:	General	Ecology	First-Need	mechanical	filter,	which	ostensibly	uses	electrochemical	means;	and	Sawyer	Water	Purifier,	which	utilizes	hollow	fiber	membrane	filtration.	fromThe	Travel	and	Tropical
Medicine	Manual	E-Bookby	Christopher	A.	Sanford,	Elaine	C.	JongElsevier	Health	Sciences,	2008Coliform	bacteria	should	not	be	detected	in	the	water	leaving	a	water	treatment	works	provided	the	treatment	processes,	particularly	disinfection,	are	adequate.	fromWater	Supplyby	Ratnayaka,	Don	D.	Ratnayaka,	et.	al.Elsevier	Science,	2009Reverse
osmosis	filters	are	considered	the	best	of	this	type	and	can	filter	out	lead,	mercury,	minerals,	some	pesticides,	and	microorganisms.	fromSports	Nutrition	for	Endurance	Athletes,	3rd	Ed.by	Monique	Ryan,	MS,	RD,	CSSD,	LDNVeloPress,	2012Total	coliform	bacteria	are	not	acceptable	indicators	of	the	quality	of	rural	water	supplies,	as	many	bacteria
are	of	no	sanitary	significance	in	untreated	water	supplies.	fromCommunity	Medicine:	Practical	Manual	E-Bookby	Rajkumar	PatilElsevier	Health	Sciences,	2018Millipore	Corporation	(Bedford,	MA),	for	instance,	offers	a	complete	field	kit	for	total	coliform	detection.	fromEnvironmental	Monitoring	and	Characterizationby	Janick	Artiola,	Ian	L.	Pepper,
Mark	L.	BrusseauElsevier	Science,	2004The	ATSDR	explains	that	using	bottled	water	for	cooking	and	drinking	as	well	as	using	carbon	water	filters	has	the	potential	to	reduce	the	exposure	to	PFDoA	and	structurally	similar	compounds	(ATSDR,	2009).	fromHamilton	and	Hardys	Industrial	Toxicologyby	Raymond	D.	Harbison,	Marie	M.	Bourgeois,	Giffe
T.	JohnsonWiley,	2015	Coliform	bacteria,	a	group	of	microorganisms	commonly	found	in	the	environment,	are	used	as	indicators	of	water	quality	and	sanitation.	Their	presence	can	signal	potential	contamination	by	pathogens	that	pose	health	risks	to	humans.	Understanding	these	bacteria	is	important	for	ensuring	safe	drinking	water	and	preventing
disease	outbreaks.This	article	will	explore	various	aspects	of	coliform	bacteria,	including	their	characteristics,	how	they	spread,	common	misconceptions,	and	effective	prevention	strategies.	Coliform	Bacteria	CharacteristicsColiform	bacteria	are	a	diverse	group	of	Gram-negative,	rod-shaped	bacteria	that	thrive	in	environments	such	as	soil,	water,
and	vegetation.	They	belong	to	the	Enterobacteriaceae	family,	which	includes	genera	like	Escherichia,	Klebsiella,	and	Enterobacter.	These	bacteria	are	facultative	anaerobes,	meaning	they	can	survive	in	both	oxygen-rich	and	oxygen-poor	environments,	contributing	to	their	widespread	presence.A	defining	trait	of	coliform	bacteria	is	their	ability	to
ferment	lactose	with	the	production	of	gas	and	acid	within	48	hours	at	35-37C.	This	characteristic	is	used	in	laboratory	settings	to	identify	and	quantify	coliforms	in	water	samples.	The	presence	of	coliforms	in	water	is	often	detected	using	methods	such	as	the	multiple-tube	fermentation	technique	or	membrane	filtration,	both	of	which	rely	on	their
lactose-fermenting	ability.Coliform	bacteria	are	categorized	into	total	coliforms,	fecal	coliforms,	and	Escherichia	coli	(E.	coli).	Total	coliforms	include	all	coliform	bacteria,	while	fecal	coliforms	predominantly	originate	from	the	intestines	of	warm-blooded	animals.	E.	coli,	a	specific	type	of	fecal	coliform,	is	often	used	as	a	more	precise	indicator	of	fecal
contamination	due	to	its	strong	association	with	human	and	animal	waste.	Transmission	PathwaysThe	spread	of	coliform	bacteria	is	linked	to	both	natural	and	human-mediated	processes,	with	water	serving	as	a	primary	medium.	In	untreated	or	inadequately	treated	water	systems,	these	bacteria	can	thrive,	entering	drinking	water	supplies.
Agricultural	runoff	is	a	significant	source	of	contamination,	as	it	often	carries	waste	from	livestock,	which	can	be	laden	with	coliforms.	Rainfall	exacerbates	this	issue	by	facilitating	the	movement	of	these	bacteria	from	contaminated	soil	into	water	bodies.Human	activities	further	influence	the	dispersal	of	coliform	bacteria	through	poor	sanitation
practices	and	inadequate	waste	management	systems.	In	urban	areas,	aging	infrastructure	and	sewer	overflows	can	result	in	the	leakage	of	bacteria	into	nearby	water	sources.	Recreational	activities	in	natural	water	bodies	can	inadvertently	introduce	coliforms,	especially	in	regions	where	sanitation	facilities	are	lacking	or	improperly	managed.In
agricultural	settings,	the	use	of	manure	as	a	fertilizer	can	lead	to	the	introduction	of	coliform	bacteria	into	the	soil	and	subsequently	into	surface	and	groundwater.	This	risk	is	heightened	by	the	proximity	of	agricultural	fields	to	water	bodies,	where	runoff	during	irrigation	or	rainfall	events	can	carry	these	bacteria	into	public	water	supplies.	The
improper	disposal	of	human	and	animal	waste	in	rural	areas	often	leads	to	contamination	of	wells	and	other	drinking	water	sources.	MisconceptionsA	common	misconception	regarding	coliform	bacteria	is	the	assumption	that	their	presence	automatically	indicates	a	direct	health	threat.	While	their	detection	in	water	can	signal	potential	contamination,
coliforms	themselves	are	not	inherently	pathogenic.	They	serve	as	a	proxy	to	alert	us	to	the	possible	presence	of	harmful	microorganisms,	but	not	every	positive	test	result	equates	to	an	immediate	danger.	This	misunderstanding	can	lead	to	unnecessary	panic	and	misallocation	of	resources.Another	myth	involves	the	belief	that	boiling	water	is	always
an	adequate	solution	to	eliminate	coliform	bacteria.	Although	boiling	can	effectively	kill	many	types	of	bacteria,	it	is	not	a	comprehensive	remedy	for	all	water	quality	issues.	Boiling	does	not	remove	chemical	contaminants	or	address	the	root	causes	of	bacterial	presence,	such	as	infrastructure	deficiencies	or	poor	sanitation	practices.	Relying	solely	on
boiling	without	addressing	the	underlying	problems	may	provide	a	false	sense	of	security.Theres	also	confusion	surrounding	the	role	of	water	treatment	facilities	in	managing	coliform	levels.	Many	people	mistakenly	believe	that	these	facilities	can	guarantee	completely	bacteria-free	water.	While	modern	treatment	processes	significantly	reduce
bacterial	loads,	no	system	is	infallible.	Factors	such	as	equipment	malfunctions,	human	error,	and	unexpected	environmental	conditions	can	compromise	water	treatment	efficacy,	underscoring	the	importance	of	regular	monitoring	and	maintenance.	Prevention	and	Hygiene	PracticesEnsuring	the	safety	of	water	sources	begins	with	robust	sanitation
infrastructure	and	practices.	Regular	inspection	and	maintenance	of	plumbing	systems,	septic	tanks,	and	sewer	lines	can	prevent	leaks	and	blockages	that	may	lead	to	contamination.	Implementing	advanced	filtration	and	disinfection	technologies,	such	as	ultraviolet	(UV)	light	systems	or	reverse	osmosis,	can	further	enhance	water	quality	by
removing	residual	bacteria	and	other	potential	pollutants.Education	and	awareness	play	a	significant	role	in	prevention	efforts,	particularly	in	communities	reliant	on	private	wells.	Providing	resources	and	training	on	well	maintenance,	testing	methods,	and	water	treatment	options	empowers	individuals	to	take	proactive	measures.	Community
programs	that	focus	on	the	importance	of	hygiene	and	safe	handling	of	water	can	reduce	the	risk	of	contamination	during	everyday	activities.In	agricultural	regions,	adopting	sustainable	farming	practices	can	mitigate	the	introduction	of	bacteria	into	water	systems.	Techniques	such	as	buffer	strips,	which	are	vegetated	areas	between	farmlands	and
water	bodies,	can	filter	runoff	and	reduce	bacterial	loads.	Managing	livestock	access	to	streams	and	rivers	by	creating	designated	watering	points	and	using	fencing	can	limit	direct	contamination.	Home	Bacteriology	Coliform	bacteria	are	a	group	of	Gram-negative,	aerobic,	and	facultative	anaerobic	rod-shaped	bacteria	containing	the	enzyme
galactosidase	that	is	capable	of	fermenting	lactose-producing	acid	and	gas.	They	are	also	called	Coli-aerogenes	bacteria.	Coliform	Bacteria	WHO	defines	coliform	as	Gram-negative,	rod-shaped	bacteria,	capable	of	growth	in	the	presence	of	bile	salts	or	other	surface-active	agents	with	similar	growth-inhibiting	properties,	and	able	to	ferment	lactose	at
3537C	with	the	production	of	acid,	gas,	and	aldehyde	within	2448	hours.	They	are	also	oxidase-negative,	non-spore-forming	and	display	-galactosidase	activity.	The	group	originally	contained	only	4	genera	of	the	Enterobacteriaceae	family:	only	the	strains	from	genera	Escherichia,	Enterobacter,	Klebsiella,	and	Citrobacter.	Initially,	the	classification
was	based	on	the	morphological	features	and	the	ability	to	ferment	lactose,	so	only	these	4	genera	were	considered	coliforms.	Recently	the	module	for	classification	changes,	and	the	coliform	group	is	now	defined	with	the	ability	to	produce	enzyme	galactosidase	based	on	the	ONPG	(o-Nitrophenyl--galactopyranoside)	test	and	other	molecular	features
and	biochemical	tests	like	IMViC.	Now	there	are	19	genera	in	the	coliform	group,	and	all	of	them	are	members	of	Enterobacteriaceae.	Aeromonas,	which	belong	to	the	family	Aeromonadaceae,	is	also	referred	to	as	a	member	of	the	coliform	group	but	is	not	accepted	widely.	Aeromonas	also	have	the	capacity	to	produce	galactosidase,	and	many	species
ferment	lactose	at	37C	but	are	oxidase-positive;	however,	all	other	coliforms	are	oxidase	negative.	The	following	table	contains	all	the	coliform	bacteria;	Arsenophonus	spp.Budvicia	spp.Buttiauxella	spp.Cedecea	spp.Ewingella	spp.Kluyvera	spp.Leclercia	spp.Moellerella	spp.Pantoea	spp.Rahnella	spp.Trabulsiella	spp.Yokenella	spp.Citrobacter
spp.Enterobacter	spp.Escherichia	spp.Hafnia	spp.Klebsiella	spp.Serratia	spp.Yersinia	spp.Source:	LECLERC	ET	AL.	Annual	Review	of	Microbiology,	55(1),	201-234.**Aeromonas	spp.	are	also	included	in	some	literature.	Among	the	above-listed	genera,	Escherichia,	Klebsiella,	Citrobacter,	and	Enterobacter	cover	over	90%	of	commonly	isolated	genera.
Gram	negative	non-sporing	bacilli	Aerobic	or	facultative	anaerobic	Lactose	fermentation,	along	with	the	production	of	gas	and	acid	at	37C	Possesses	galactosidase	enzyme	All	are	oxidase	negative	(excluding	Aeromonas	from	the	group).	Coliforms	are	ubiquitous	in	nature	and	are	cosmopolitan	in	habitat.	They	are	commonly	found	in	soil,	water,
decaying	vegetation,	and	in/on	the	body	of	living	organisms	(insects,	mollusks,	vertebrates,	plants)	as	commensals	or	pathogens.	They	are	major	genera	in	the	gastrointestinal	tract	of	warm-blooded	animals;	hence	they	are	mostly	isolated	from	fecal	matter.	In	humans,	they	are	mainly	found	in	the	GI	tract.	E.	coli,	Klebsiella,	Citrobacter,	Enterobacter,
Hafnia,	Serratia,	and	Yersinia	species	are	found	abundantly	in	the	GI	tract	of	vertebrates.	The	coliform	group	is	sub-divided	into	3	groups,	namely,	(i)	Total	Coliform,	(ii)	Fecal	Coliform,	and	(iii)	E.	coli	TC	includes	all	the	19	genera;	the	genera	that	are	found	in	the	free	environment	like	in	soil,	water,	decaying	vegetation,	plant	surfaces,	etc.,	and	the
genera	that	are	found	in	the	GI	tract	of	warm-blooded	animals.	This	group	mainly	contains	species	that	are	non-pathogenic	(some	are	opportunistic)	to	humans.	They	usually	contain	strains	that	are	mesophilic	in	nature	and	hardly	tolerate	bile	salts	and	temperatures	of	44C.	Their	presence	in	water	or	any	other	edibles	indicates	contamination	from
any	environmental	sources	or	fecal	matter,	but	not	necessarily	the	fecal	matter.	However,	their	presence	in	any	edibles	indicates	the	risk	of	contamination	from	probable	pathogens.	Fecal	coliform	is	another	sub-group	of	coliform	or	TC,	which	includes	coliform	genera	that	are	found	specifically	in	the	GI	tract	and	fecal	matters	of	warm-blooded
animals,	including	humans.	They	are	now	called	thermotolerant	coliforms	because	they	can	thrive	well	and	ferment	lactose	at	around	440C.	Their	specific	character	is	the	ability	to	tolerate	bile	salts	and	other	similar	surface	agents	and	ferment	lactose,	releasing	acid	and	gas	at	about	44C.	Their	presence	in	water	or	other	edibles	indicates
contamination	with	the	fecal	matter	of	humans	or	other	warm-blooded	animals.	Their	presence	does	not	guarantee	the	presence	of	pathogens	in	the	edibles	but	indicates	a	higher	potential	for	the	presence	of	pathogens.	FC	contains	genera	Escherichia	which	originates	from	feces;	however,	there	are	other	genera	like	Klebsiella,	Enterobacter,	and
Citrobacter,	which	not	necessarily	are	found	in	feces.	Hence,	it	is	now	called	thermotolerant	coliform.	E.	coli	is	a	sub-group	of	thermotolerant	coliform,	including	strains	of	E.	coli	bacteria	only.	It	is	the	major	coliform	species	that	are	widely	isolated	from	water	and	other	edibles.	E.	coli	is	generally	found	in	the	GI	tract	and	fecal	matters	of	warm-
blooded	animals;	hence	their	presence	strongly	indicates	fecal	contamination.	Several	strains	of	E.	coli	are	pathogenic,	and	their	presence	strongly	suggests	a	higher	probability	of	the	presence	of	the	pathogens.	Figure:	Scheme	of	Sub-grouping	of	Coliform	Bacteria	Coliforms	are	referred	to	as	indicator	organisms	and	are	routinely	used	to	indicate	the
microbiological	quality	of	water,	and	also	in	dairy	products,	and	other	beverages.	Coliforms	are	easy	to	isolate,	purify	and	identify,	and	their	presence	is	often	associated	with	other	potential	pathogens;	hence	they	are	used	as	an	indicator	organism	in	water.	Fecal	coliforms,	together	with	other	fecal	bacteria,	are	used	as	the	major	indicator	organisms.
Their	presence	indicates	fecal	contamination.	E.	coli	is	the	most	important	coliform	as	an	indicator	organism.	The	presence	of	E.	coli	is	very	serious	than	the	presence	of	other	fecal	coliforms.	Most	strains	of	E.	coli	are	non-pathogenic,	but	there	are	pathogenic	strains	like	E.	coli	O157:H7.	According	to	the	guidelines	of	WHO,	there	must	NOT	be	any
detectable	E.	coli	or	other	thermotolerant	coliforms	in	water	intended	for	drinking	or	distribution	in	the	community	water	supply	system.	Most	of	the	species	in	the	coliform	group	are	non-pathogenic	to	humans.	Some	species	of	genera	like	Escherichia,	Klebsiella,	Citrobacter,	Enterobacter,	Hafnia,	Serratia,	and	Yersinia	are	pathogenic	to	humans
causing	several	gastrointestinal	infections,	UTIs,	septicemia,	bacteremia,	or	other	systemic	infections.	The	most	common	infection	is	a	gastrointestinal	disorder	like	diarrhea.	E.	coli,	and	Klebsiella	are	the	most	common	pathogens	in	this	group.	Several	species	of	coliforms	are	found	responsible	for	the	spoilage	of	perishable	foods	with	high	moisture
content	like	milk	and	dairy	products,	fruit	juices,	vegetables,	and	fruits.	They	are	also	responsible	for	the	spoilage	of	meat	and	unprocessed	meat	products.	They	usually	contaminate	the	food	from	water	and	food	handlers	or	are	also	already	present	in	the	source	animals.	They	start	producing	acid	and	gas,	giving	off	an	odor,	sliminess,	and	change	in
texture.	E.	coli,	Yersinia	spp.,	Klebsiella	spp.,	Serratia	spp.,	Kluyvera	spp.,	Pantoea	spp.	are	commonly	associated	with	spoilage.	Contaminated	water	is	the	main	source	of	coliform	bacteria.	From	the	contaminated	water,	they	are	disseminated	to	foodstuffs	and	infect	the	human	hosts.	Mainly	warm-blooded	animals	are	the	reservoir	of	fecal	coliforms.
Feces	of	human	and	other	vertebrates	are	major	reservoir	that	usually	contaminates	water	bodies.	Besides,	soil,	vegetation,	and	decaying	matters	are	the	reservoir	of	total	coliforms.	It	is	mandatory	to	detect	coliform	bacteria,	especially	thermotolerant	coliforms,	in	drinking	water;	both	processed	and	packed,	as	well	as	drinking	water	for	distribution
in	the	community	via	pipeline.	Coliforms	can	be	detected	by	the	following	methods:	It	is	the	most	common	and	simple	method	used	to	isolate	the	coliforms	from	the	water	sample.	It	can	detect	the	presence	of	total	coliforms,	but	it	confirms	the	presence	of	E.	coli	only	directly.	For	confirming	other	coliform	species,	it	must	be	followed	by	a	series	of
biochemical	tests.	In	this	method,	water	is	filtered	through	a	membrane	filter,	usually	a	nitrocellulose	filter	paper	with	0.45m	pore	sizes,	and	the	filter	paper	is	placed	over	a	solidified	culture	media	and	incubated	at	370C	for	up	to	24-48	hours	and	observed	for	the	growth	of	microorganisms.	The	most	common	media	used	in	this	process	are	M-endo
Agar,	EMB	(Eosin	Methylene	Blue)	Agar,	and	VRBA	(Violet	Red	Bile	Agar)	Medium.	These	mediums	are	preferred	because	they	are	selective	for	Gram-negative	and	are	indicator	mediums	for	E.	coli	and	lactose	fermenters.	It	is	another	commonly	used	technique	for	the	detection	of	total	coliform	contamination	of	water.	It	is	a	more	complex	and
laborious	process	of	coliform	detection	than	membrane	filtration.	However,	it	gives	an	approximate	count	of	viable	bacteria	and	can	detect	any	type	of	coliform	genera	and	other	non-coliform	bacteria	too.	In	this	method,	sample	water	is	analyzed	in	three	different	steps;	(i)	presumptive	test,	(ii)	confirmatory	test,	and	(iii)	completed	the	test.	The
presumptive	test	is	the	primary	screening	step	where	only	the	presence	or	absence	of	acid	and	gas-producing	lactose	fermenter	bacteria	is	studied.	The	approximate	load	of	bacteria	is	also	counted	in	this	step.	In	the	confirmatory	test,	it	is	confirmed	that	the	lactose	fermenter	identified	in	the	presumptive	test	is	coliform	bacteria	because	other	non-
coliform	bacteria	can	also	ferment	the	lactose-producing	acid	and	gas.	Finally,	in	the	completed	test,	the	result	of	the	confirmatory	test	is	once	again	verified	and	the	presence	or	absence	of	E.	coli	is	confirmed.	If	the	coliform	is	other	than	E.	coli,	it	needs	further	biochemical	tests	for	identification.	In	this	method,	lactose	broth	(single	and	double
strength),	brilliant	green	lactose	broth	(BGLB)	medium,	indole	medium	(tryptone	water),	EMB	agar	or	M-endo	agar,	and	Nutrient	Agar	(NA)	are	mostly	used.	Its	main	drawback	is	the	requirement	of	a	longer	time	period,	different	media	and	instruments,	process	complexity,	and	the	need	for	further	tests	for	the	detection	of	genera.	A	sample	is
inoculated	in	selective	and	indicator	media	like	VRBA,	EMB,	MacConkey	agar,	Lactose	broth,	M-endo	agar,	Coliform	agar,	chromogenic	coliform	agar,	etc.	are	used	for	detection	of	coliform,	especially	E.	coli.	It	is	one	of	the	most	advanced	and	accurate	methods	for	detection	and	confirmation	of	coliform	up	to	the	level	of	subspecies,	serovars,	and	sub-
strains.	The	DNA	or	RNA	of	isolated	bacteria	is	analyzed	to	confirm	their	identification.	The	galactosidase	coding	gene	is	the	key	used	to	identify	coliform	by	PCR	method.	FISH	is	a	new	molecular	technique	that	is	being	used	to	detect	several	species	of	coliforms,	including	E.	coli,	Klebsiella,	Enterobacter,	and	Citrobacter.	FISH	uses	specific
oligonucleotide	probes	for	the	detection	of	complementary	sequences	in	16S	rRNA	of	coliform.	This	method	is	very	quick	and	more	efficient	than	any	other	available	method	of	coliform	detection.	However,	it	is	expensive	and	requires	fluorophore,	fluorescent	microscope,	and	other	complex	and	expensive	instruments,	processes,	and	expert
microbiologists.	Several	commercial	kits	are	available	for	the	detection	of	coliforms	in	drinking	water.	These	kits	are	based	on	the	principle	that	coliforms	will	ferment	lactose,	releasing	acid	and	gas.	Can	be	used	as	indicator	organismsPotential	pathogens	The	most	common	contaminants	of	water	and	foods	Can	cause	spoilage	of	milk	and	dairy,
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that	possess	-galactosidase	to	produce	acids	and	gases	under	their	optimal	growth	temperature	of	3537C.[1]	They	can	be	aerobes	or	facultative	aerobes,	and	are	a	commonly	used	indicator	of	low	sanitary	quality	of	foods,	milk,	and	water.[2]	Coliforms	can	be	found	in	the	aquatic	environment,	in	soil	and	on	vegetation;	they	are	universally	present	in
large	numbers	in	the	feces	of	warm-blooded	animals	as	they	are	known	to	inhabit	the	gastrointestinal	system.[1]	While	coliform	bacteria	are	not	normally	the	cause	of	serious	illness,	they	are	easy	to	culture,	and	their	presence	is	used	to	infer	that	other	pathogenic	organisms	of	fecal	origin	may	be	present	in	a	sample,	or	that	said	sample	is	not	safe	to
consume.[1]	Such	pathogens	include	disease-causing	bacteria,	viruses,	or	protozoa	and	many	multicellular	parasites.[1]Every	drinking	water	source	must	be	tested	for	the	presence	of	these	total	coliform	bacteria.Typical	genera	include:[3]Citrobacter	are	peritrichous	facultative	anaerobic	bacilli	between	0.66	m	in	length.[4]	Citrobacter	species	inhabit
intestinal	flora	without	causing	harm,	but	can	lead	to	urinary	tract	infections,	bacteremia,	brain	abscesses,	pneumonia,	intra	abdominal	sepsis,	meningitis,	and	joint	infections	if	they	are	given	the	opportunity.[4]	Infections	of	a	Citrobacter	species	has	a	mortality	rate	between	3348%,	with	infants	and	immunocompromised	individuals	being	more
susceptible.[4]Enterobacter	are	motile,	flagellated	bacilli	known	for	causing	infections	such	as	bacteremia,	respiratory	tract	infections,	urinary	tract	infections,	infections	of	areas	where	surgery	occurred,	and	in	extreme	cases	meningitis,	sinusitis	and	osteomyelitis.[5]	To	determine	the	presence	of	Enterobacter	in	a	sample,	they	are	first	grown	on
MacConkey	agar	to	confirm	they	are	lactose	fermenting.[5]	An	indole	test	will	differentiate	Enterobacter	from	Escherichia,	as	Enterobacter	are	indole	negative	and	Escherichia	is	positive.[5]	Enterobacter	are	distinguished	from	Klebsiella	because	of	their	differences	in	motility.[5]Klebsiella	are	non-motile,	Gram-negative	bacilli	ranging	from	12	m	in
length.[6]	They	are	facultative	anaerobes	with	a	capsule	composed	of	complex	acid	polysaccharides	that	allows	them	to	withstand	drying	for	several	months.[6]	Klebsiella	pneumoniae	is	the	most	common	Klebsiella	species	found	in	humans,	the	gastrointestinal	tracts	of	animals,	in	sewage	and	in	soil.[7]	On	carbohydrate-rich	media,	Klebsiella	colonies
appear	greyish-white	in	colour	with	a	mucosal	outer	surface.[6]	The	media	used	for	selecting	for	Klebsiella	species	in	a	mixed	sample	is	an	agar	including	ornithine,	raffinose,	and	Koser	citrate,	where	members	of	this	genus	will	form	yellow,	wet-looking	colonies.[8]Escherichia	species	normally	inhabit	the	human	intestine	and	those	of	other	warm-
blooded	animals,	and	are	the	most	commonly	responsible	for	causing	disease	in	humans.[7]	Escherichia	coli	specifically	is	the	most	common	organism	seen	in	the	human	intestine	and	are	known	to	cause	a	variety	of	diseases	in	humans.[9]	Most	E.	coli	strains	are	motile	and	have	obtained	many	of	their	virulence	features	from	horizontal	gene	transfer.
[9]	There	are	several	different	pathotypes	of	E.	coli	causing	gastrointestinal	syndromes:	diarrheagenic	E.	coli	(DEC),	enterotoxigenic	E.	coli	(ETEC);	EPEC;	Shiga	toxinproducingE.	coli	(STEC),	which	includes	EHEC;	enteroaggregative	E.	coli	(EAEC);	and	enteroinvasive	E.	coli	(EIEC).[9]	There	are	different	ways	to	identify	E.	coli	based	on	variation	of
their	O,	H	and	K	polysaccharides	on	their	cell	surface	or	by	using	selective	medias.Escherichia	coli	(E.	coli)	can	be	distinguished	from	most	other	coliforms	by	its	ability	to	ferment	lactose	at	44C	in	the	fecal	coliform	test,	and	by	its	growth	and	color	reaction	on	certain	types	of	culture	media.	When	cultured	on	an	eosin	methylene	blue	(EMB)	plate,	a
positive	result	for	E.	coli	is	metallic	green	colonies	on	a	dark	purple	medium.	Also	can	be	cultured	on	Tryptone	Bile	X-Glucuronide	(TBX)	to	appear	as	blue	or	green	colonies	after	incubation	period	of	24	hours.	Escherichia	coli	have	an	incubation	period	of	1272	hours	with	the	optimal	growth	temperature	being	37C.	Unlike	the	general	coliform	group,
E.	coli	are	almost	exclusively	of	fecal	origin	and	their	presence	is	thus	an	effective	confirmation	of	fecal	contamination.	Most	strains	of	E.	coli	are	harmless,	but	some	can	cause	serious	illness	in	humans.	Infection	symptoms	and	signs	include	bloody	diarrhea,	stomach	cramps,	vomiting	and	occasionally,	fever.	The	bacteria	can	also	cause	pneumonia,
other	respiratory	illnesses	and	urinary	tract	infections.[10][11]An	easy	way	to	differentiate	between	different	types	of	coliform	bacteria	is	by	using	an	eosin	methylene	blue	agar	plate.[12]	This	plate	is	partially	inhibitory	to	Gram	(+)	bacteria,	and	will	produce	a	color	change	in	the	Gram	(-)	bacterial	colonies	based	on	lactose	fermentation	abilities.[12]
Strong	lactose	fermenters	will	appear	as	dark	blue/purple/black,	and	E.coli	(which	also	ferments	lactose)	colonies	will	be	dark	colored,	but	will	also	appear	to	have	a	metallic	green	sheen.	Other	coliform	bacteria	will	appear	as	thick,	slimy	colonies,	with	non-fermenters	being	colorless,	and	weak	fermenters	being	pink.[citation	needed]E.	coli	on	EMB
agarAs	of	November	15,	2021,	seven	states	in	the	USA	declared	ten	cases	of	illnesses	from	an	E.	coli	O157:H7	strain.[13]	These	cases	were	reported	from	October	15,	2021	through	October	27,	2021	and	an	investigation	was	carried	out	by	the	Minnesota	Department	of	Agriculture	and	FDA.[13]	It	was	concluded	that	packages	of	spinach	collected
from	homes	of	infected	people	were	contaminated	with	a	strain	of	E.	coli	that	matched	the	strain	causing	illness.[13]	This	was	determined	by	performing	whole	genome	sequencing	on	the	strain	extracted	from	the	spinach	and	comparing	it	to	the	strain	taken	from	infected	individuals.[13]As	of	February	7,	2022,	the	provinces	of	Alberta	and
Saskatchewan	in	Canada	reported	a	collective	fourteen	confirmed	cases	of	E.	coli	O157	strain	illnesses.[14]	These	were	reported	between	December	2021	and	January	2022,	and	the	Public	Health	Agency	of	Canada	(PHAC),	the	Canadian	Food	Inspection	Agency	(CFIA),	and	Health	Canada	were	able	to	determine	a	specific	brand	of	Original	Kimchi	to
be	the	source	of	the	organism.[14]	On	January	28,	2022	and	February	6,	2022,	the	CFIA	issued	a	recall	on	Hankook	Original	Kimchi.[14]Amplification	of	the	beta-galactosidase	gene	is	used	to	detect	coliforms	in	general,	because	all	coliform	organisms	produce	this	compound.[15]	The	amplification	of	the	beta-D	glucuronidase	is	used	to	detect	E.	coli,
or	the	amplification	of	their	verotoxin	gene(s)	to	detect	verotoxin-producing	E.	coli.[15][16]Specific	areas	of	the	16S	rRNA	in	the	Enterobacteriaceae	genus	are	bound	by	oligonucleotide	probes,	which	aids	in	monitoring	the	quality	of	drinking	water.[15]	Specifically,	E.	coli	is	labelled	with	a	soybean	peroxidase-labeled	peptide	nucleic	acid	(PNA)	probes
that	bind	to	a	specific	sequence	in	their	16S	rRNA.	When	used	in	conjunction	with	a	chemiluminescent	substrate,	light	is	produced	where	each	colony	of	E.	coli	is	located,	indicating	that	they	are	present	in	the	sample.[17]The	solid	medium	is	used	to	grow	lactose-fermenting	coliforms	and	utilizes	a	neutral	red	pH	indicator.	Pink	colonies	appear	when
lactose	is	fermented	and	are	surrounded	by	bile	that	has	precipitated	out.	To	confirm	if	these	colonies	are	coliforms,	they	are	transferred	to	brilliant	green	lactose	bile	(BGLB)	and	incubated.	If	gas	is	visible	after	incubation,	it	can	be	confirmed	that	the	sample	had	coliforms	present.[18]Test	samples	are	filtered	through	standard	filter	paper	and	then
transferred	to	M-endo	or	LES	Endo	Agar	mediums.	Colonies	appear	pinkish-red	with	green	metallic	sheen	after	2224	hours	of	incubation.	These	colonies	can	be	confirmed	as	coliforms	if	they	are	inoculated	in	lauryl	tryptose	(LST),	produce	gas,	and	then	inoculated	in	BGLB.	If	there	is	gas	production	in	the	BGLB	tubes,	the	test	is	positive	for	the
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Definition,	Classification,	Examples	Coliform	bacteria	are	either	motile	or	non-motile	Gram-negative,	non-spore-forming	Bacilli	with	-galactosidase	that	create	acids	and	gases	at	their	optimal	growth	temperature	of	35-37C.Aerobes	and	facultative	aerobes	are	a	common	sign	of	poor	hygienic	quality	in	food,	milk,	and	water.Coliforms	are	present	in	the
aquatic	environment,	soil,	and	vegetation;	they	are	universally	abundant	in	the	faeces	of	warm-blooded	animals	since	they	are	known	to	occupy	the	digestive	tract.Although	coliform	bacteria	do	not	typically	cause	severe	sickness,	they	are	simple	to	cultivate,	and	their	presence	indicates	that	other	pathogenic	organisms	of	faecal	origin	may	be	present
in	a	sample,	or	that	the	material	is	unsafe	for	consumption.These	pathogens	include	bacteria,	viruses,	protozoa,	and	several	multicellular	parasites	that	cause	disease.Enterobacteriaceae	species	are	ubiquitous	bacteria.They	are	present	in	the	soil,	water,	and	plants	across	the	globe.Humans	and	animals	also	have	them	as	part	of	their	regular	intestinal
flora.	Members	of	this	family	are	Gram-negative,	nonsporing,	nonacid-fast,	and	modestly	sized	bacilli.They	are	either	motile	by	means	of	peritrichous	flagella	or	nonmotile	without	flagella.They	are	aerobic	and	facultatively	anaerobic,	grow	rapidly	on	standard	media,	ferment	carbohydrates	with	the	generation	of	acid	and	gas	or	acid	exclusively,	reduce
nitrate	to	nitrite,	are	catalase-positive	but	oxidase-negative,	and	are	catalase-positive	but	oxidase-negative.The	oxidase	test	is	an	essential	test	for	distinguishing	Enterobacteriaceae	from	numerous	other	fermentative	and	nonfermentative	Gram-negative	bacilli.Members	of	the	family	exhibit	a	great	deal	of	biochemical	and	antigenic	diversity.
Enterobacteriaceae	microbes	are	responsible	for	a	variety	of	human	diseases:Certain	members	of	the	family,	such	as	Salmonella	and	Shigella,	invariably	cause	disease	in	humans.Other	species,	such	as	Escherichia	coli,	Klebsiella	pneumoniae,	Proteus	mirabilis,	etc.,	that	are	part	of	the	typical	human	gut	flora	can	also	cause	infections	in	other	parts	of
the	human	body.In	addition	to	this,	there	is	a	second	category	of	Enterobacteriaceae	organisms	that	are	normal	human	commensals	but	turn	pathogenic	when	they	acquire	virulence	factor	genes	via	plasmids,	bacteriophages,	or	pathogenicity	islands.	E.	coli	connected	with	human	gastroenteritis	is	an	example.Enterobacteriaceae	organisms	can	be
obtained	via	humans	(Salmonella	Typhi,	Shigella	species,	etc.),	animals	(Salmonella	species	and	Yersinia	species),	or	endogenous	infection.In	the	latter	case,	the	pathogen	(E.	coli)	can	spread	from	the	initial	site	of	infection	to	almost	all	body	sites.Schematic	diagram	showing	variety	of	diseases	caused	by	the	members	of	the	family	Enterobacteriaceae
in	humans.Historically,	the	characteristics	of	colonies	on	regularly	used	media	(such	as	MacConkey	medium)	were	used	to	identify	and	categorise	members	of	the	family	Enterobacteriaceae.Depending	on	their	ability	to	ferment	lactose,	the	colonies	were	classified	as	lactose-fermenting	bacteria	(Escherichia	spp.,	Klebsiella	spp.,	Enterobacter	spp.,
Citrobacter	spp.,	etc.)	or	nonlactose-fermenting	bacteria	(Salmonella	spp.,	Shigella	spp.,	Proteus	spp.,	etc.).This	was	utilised	in	a	diagnostic	laboratory	as	a	practical	procedure.Currently,	however,	bacteria	are	classified	based	on	a	variety	of	morphological,	biochemical,	serological,	and	DNA-based	criteria.Bergeys	manual,	Kauffmann,	and
Edwardsclassifications	Ewings	are	the	three	most	popular	methods	for	classifying	family	Enterobacteriaceae	members.Approaches	to	the	classification	of	bacteria	are	largely	identical	across	all	of	these	methods.According	to	these	techniques,	the	Enterobacteriaceae	family	is	classified	into	numerous	large	groupings	or	tribes.	Each	tribe	is	comprised
of	multiple	genera	or	subgenera.Each	genus	has	numerous	species,	which	are	categorised	into	various	categories,	including	biotypes,	serotypes,	colicin	types,	bacteriophage	types,	etc.According	to	the	current	classification	(Ewing	1986),	the	family	Enterobacteriaceae	is	divided	into	the	eight	tribes	shown	in	Table.In	the	family	Enterobacteriaceae,	the
tribe	Yersinieae	contains	the	species	Yersinia	pestis,	which	is	the	causal	agent	of	a	significant	disease	plague.Ewings	classification	of	the	family	EnterobacteriaceaeIn	Table,	differentiating	characteristics	of	distinct	genera	of	the	family	Enterobacteraceae	are	listed.Important	properties	distinguishing	members	of	the	family
EnterobacteriaceaeInfections	in	humans	caused	by	common	members	of	the	Enterobacteriaceae	family	are	outlined	in	Table.Human	infections	caused	by	common	members	of	the	family	EnterobacteriaceaeEscherichia	are	intestinal	pathogens	in	both	animals	and	humans.Five	species	make	up	the	genus	Escherichia:	E.	coli,	Escherichia	fergusonii,
Escherichia	hermanii,	Escherichia	vulneris,	and	Escherichia	blattae.E.	coli	is	the	most	prevalent	and	significant	species	responsible	for	human	infections.Based	on	O,	H,	and	K	antigens,	E.	coli	is	further	classified	into	biotypes	and	serotypes.Edwardsiella	is	distinguished	from	Escherichia	by	its	capacity	to	create	hydrogen	sulphide.The	sole	harmful
species	for	humans	is	Edwardsiella	tarda,	which	belongs	to	the	genus	Edwardsiella.E.	tarda	resides	in	the	gastrointestinal	tracts	of	snakes	and	other	cold-blooded	animals.The	word	tarda	relates	to	the	bacterias	slow	or	weak	fermentation	of	carbohydrates.E.	tarda	is	a	Gram-negative,	noncapsulated,	motile,	and	fermentatively	ineffective	bacillus.It
ferments	only	glucose	and	maltose,	producing	acid	and	a	small	amount	of	gas.	It	is	positive	for	indole,	H2	S,	and	citrate	and	decarboxylates	lysine	and	ornithine.E.	tarda	is	a	rare	human	pathogen	identified	from	fatal	cases	of	meningitis	from	wounds,	blood,	and	CSF.The	bacteria	have	also	been	isolated	from	the	faeces	of	healthy	individuals	and	those
with	diarrhoea.However,	the	pathogenic	role	of	the	bacteria	in	causing	diarrhoea	has	not	yet	been	determined.Citrobacter	is	a	common	occupant	of	the	human	intestine.Citrobacter	is	a	genus	that	contains	three	species:	Citrobacter	freundii,	Citrobacter	amalonaticus,	and	Citrobacter	koseri	(formerly	C.	diversus).They	thrive	on	nutrient	agar	and	other
common	media,	creating	colonies	that	are	smooth	and	convex.	The	colonies	lack	pigmentation.On	MacConkey	and	DCA	medium,	pale	colonies	are	produced.Citrobacter	spp.	are	motile,	H2	S	positive,	MR	positive,	citrate	positive,	and	have	varying	indole	content.The	vast	majority	of	strains	decarboxylate	ornithine,	but	not	lysine.They	digest	lactose
very	slowly	or	not	at	all.Due	to	their	great	antigenic	similarity	to	salmonellae,	they	may	be	misidentified	as	salmonellae.Vi	antigen	is	closely	related	to	the	antigens	of	Salmonella	Typhi	and	Salmonella	Paratyphi.Citrobacter	spp.	are	capable	of	causing	infections	in	the	urinary	tract,	gallbladder,	middle	ear,	and	meninges.	C.	koseri	can	occasionally
cause	neonatal	meningitis.Important	properties	used	for	differentiation	of	Citrobacter	speciesKlebsiella	is	a	member	of	the	Klebsielleae	tribe	under	the	Enterobacteriaceae	family.The	bacteria	are	named	after	Edwin	Klebs,	who	was	the	first	to	demonstrate	them.Gram-negative,	rod-shaped,	nonmotile	bacteria	with	a	conspicuous	polysaccharide	capsule
are	members	of	the	genus	Klebsiella.Various	changes	have	been	made	to	the	classification	of	Klebsiella.Previously,	the	genus	Klebsiella	was	divided	into	three	major	species	based	on	metabolic	reactions.Currently,	they	have	been	categorised	into	seven	species	based	on	DNA	homology,	namely	(a)	Klebsiella	pneumoniae,	(b)	Klebsiella	ozaenae,	(c)
Klebsiella	rhinoscleromatis,	(d)	Klebsiella	oxytoca,	(e)	Klebsiella	planticola,	(f)	Klebsiella	terrigena,	and	(g)	Klebsiella	ornithinolyticKlebsielleae	species	have	emerged	as	significant	agents	of	nosocomial	infections	in	recent	years.K.	pneumoniae	is	the	most	significant	species	in	the	group	that	causes	human	illnesses.	Infrequently,	K.	oxytoca	and	K.
rhinoscleromatis	have	also	been	linked	to	human	infections.Important	properties	used	for	differentiation	of	Klebsiella	speciesRhinoscleroma	produced	by	K.	rhinoscleromatis	is	a	nasopharyngeal	chronic	inflammatory	illness.	Infections	with	K.	rhinoscleromatis	are	typically	observed	in	Southeast	Europe,	Central	America,	and	India,	but	have	a	global
range.Patients	may	appear	with	purulent	nasal	discharge	accompanied	by	the	formation	of	crusts	and	nodules,	which	may	result	in	respiratory	obstruction.Bacilli	are	observed	intracellularly	in	lesions,	which	are	isolable	and	identifiable	through	biochemical	processes.The	diagnosis	is	based	on	a	positive	blood	culture	and	histology.	The	antibiotic
rifampin	has	been	used	to	treat	rhinoscleroma.Chronic	atrophic	rhinitis	caused	by	K.	ozaenae	and	characterised	by	necrosis	of	nasal	mucosa	and	mucopurulent	nasal	discharge.It	commonly	affects	older	individuals.	Nasal	congestion	and	a	persistent	nasal	odour	are	typical	symptoms.Unlike	rhinoscleroma,	however,	nasal	congestion	is	not	a	prevalent
symptom.Patients	may	also	have	headaches	and	other	sinusitis-related	symptoms.It	is	difficult	to	identify	K.	ozaenae	because	biochemical	reactions	of	isolated	strains	vary	widely.The	ozena	infection	is	treated	with	trimethoprim	and	sulfamethoxazole.K.	oxytoca	can	infrequently	be	isolated	from	clinical	samples.It	is	increasingly	separated	from
neonatal	septicemia	patients.Additionally,	the	bacteria	have	been	linked	to	neonatal	bacteremia,	particularly	in	premature	infants	and	neonatal	intensive	care	units.Twelve	species	comprise	the	genus	Enterobacter,	with	Enterobacter	cloacae	and	Enterobacter	aerogenes,	followed	by	Enterobacter	sakazakii,	being	the	most	commonly	isolated	species
causing	human	infections.Additionally,	Enterobacter	asburiae,	Enterobacter	gergoviae,	Enterobacter	taylorae,	and	Enterobacter	hormaechei	are	occasionally	linked	to	human	illnesses.	E.	cloacae	and	E.	aerogenes	are	two	of	the	most	significant	Enterobacter	species	that	cause	a	range	of	nosocomial	illnesses.Enterobacter	are	Gram-negative,
Klebsielleae-belonging	bacilli	that	are	both	aerobic	and	facultatively	anaerobic.On	sheep	blood	agar,	Enterobacter	generates	big,	grey,	dry,	or	mucoid	colonies;	on	MacConkey	agar,	it	produces	pink	colonies	with	lactose	fermentation.	The	bacteria	produce	acid	by	fermenting	glucose.They	vary	from	Klebsiella	in	that	they	are	motile,	negative	for
urease,	and	positive	for	ornithine	decarboxylase.Endotoxin	of	the	bacterium	is	recognised	to	play	a	significant	role	in	the	aetiology	and	consequences	of	sepsis.Enterobacter	species	rarely	infect	otherwise	healthy	individuals.	These	pathogens	are	opportunistic.Long-term	hospital	patients,	particularly	those	in	the	ICU,	have	an	elevated	risk	of
developing	an	Enterobacter	infection.Patients	with	serious	underlying	illnesses	(e.g.,	diabetes,	cancers,	burns,	mechanical	ventilation),	foreign	devices	(e.g.,	intravenous	catheters),	and	immunosuppression	are	also	at	an	elevated	risk	of	bacterial	infection.They	induce	frequent	and	severe	nosocomial	infections,	including	urinary	tract	infections,	lower
respiratory	tract	infections,	skin	and	soft	tissue	infections,	bacteremia,	endocarditis,	intraabdominal	infections,	septic	arthritis,	and	osteomyelitis,	in	these	individuals.These	infections	are	linked	to	prolonged	hospitalisation,	a	range	of	surgical	and	nonsurgical	procedures,	and	the	use	of	new	and	costly	antimicrobial	medicines.These	bacteria	cause
major	morbidity	and	death,	and	their	numerous	drug	resistances	hamper	infection	therapy.These	bacteria	possess	inducible	beta-lactamases,	which	are	undetectable	in	vitro	but	cause	resistance	during	treatment.There	are	both	endogenous	and	external	causes	of	infections.The	aetiology	of	endogenous	Enterobacter	infections	is	a	bacterial
colonisation	of	the	skin,	gastrointestinal	system,	or	urinary	tract.The	hands	of	medical	workers,	intravenous	solutions,	endoscopes,	blood	products,	instruments	for	monitoring	intraarterial	pressure,	and	stethoscopes	are	common	sources	of	Enterobacter-caused	external	infections.The	diagnosis	is	determined	by	repeated	culturing	of	suitable	clinical
specimens.	Blood	culture	is	beneficial	for	isolating	germs	from	people	with	bacteremia.The	most	often	used	antibiotics	against	Enterobacter	infections	are	carbapenems,	cephalosporins	of	the	fourth	generation,	aminoglycosides,	novel	quinolones,	and	trimethoprimsulfamethoxazole	(TMPSMX).Cephalosporins	of	the	third	generation	often	demonstrate
good	in	vitro	effectiveness	against	these	species,	but	are	associated	with	an	increased	risk	of	developing	complete	resistance	during	therapy.Carbapenems	are	the	most	effective	antibiotics	against	E.	cloacae,	E.	aerogenes,	and	other	bacteria.Infections	caused	by	Enterobacter	are	not	treated	with	first-generation	or	second-generation
cephalosporins.Differentiation	of	Enterobacter	speciesThe	single	species	of	the	genus	Hafnia	is	Hafnia	alvei.It	is	present	in	the	faeces	of	humans	and	animals,	sewage,	soil,	and	water.	H.	alvei	is	motile.It	does	not	ferment	lactose,	raffinose,	sucrose,	adonitol	dulcitol,	and	inositol.It	is	negative	for	indole	and	MR	and	positive	for	VP	and	citrate.At	22C,
biochemical	reactions	are	easier	to	observe	than	at	37C.Bacteria	have	been	identified	from	abscesses,	wounds,	sputum,	urine,	and	blood,	among	other	places,	but	frequently	in	association	with	other	bacteria.H.	alveis	pathogenic	role	has	yet	to	be	determined.Serratia	are	Gram-negative	bacteria	belonging	to	the	Klebsielleae	tribe.	The	only	pathogenic
species	that	causes	human	infection	is	Serratia	marcescens.In	1819,	Bartolomeo	Bizio,	an	Italian	pharmacist	from	Padua,	was	the	first	to	identify	S.	marcescens	as	the	agent	responsible	for	the	crimson	colouring	of	polenta.The	bacteria	was	named	Serratia	after	the	Italian	scientist	who	invented	the	steamboat,	Serrati.The	species	name	marcescens	is
derived	from	the	Latin	word	for	decaying	because	the	bloody	pigment	produced	by	the	bacteria	degrades	rapidly.Since	the	1960s,	S.	marcescens	has	been	recognised	as	a	human-infecting	opportunistic	pathogen.Depending	on	the	age	of	the	colonies,	several	strains	of	S.	marcescens	produce	a	pigment	termed	prodigiosin	that	ranges	in	hue	from	dark
red	to	pink	or	magenta.Typically,	S.	marcescens	grows	on	starchy	foods,	where	the	development	of	pigmented	colonies	can	be	mistaken	for	blood	droplets.S.	marcescens	is	pleomorphic,	exhibiting	both	coccobacillary	and	bacillary	forms.	Serratia	typically	colonises	the	respiratory	and	urinary	systems	of	adult	hospital	patients.Nearly	2%	of	nosocomial
infections	of	these	patients	urinary	system,	lower	respiratory	tract,	surgical	wounds,	blood,	skin,	and	soft	tissues	are	caused	by	this	bacteria.Meningitis,	wound	infections,	and	arthritis	epidemics	have	been	linked	to	S.	marcescens	in	paediatric	wards	and	intensive	care	units.The	bacteria	also	causes	endocarditis	and	osteomyelitis	in	intravenous	drug
addicts,	such	as	heroin	addicts.Serratia	infections	are	more	likely	to	be	severe	in	the	elderly,	those	with	a	history	of	antibiotic	use,	and	those	with	chronic	or	debilitating	conditions.	Amikacin	and	quinolones	are	effective	against	S.	marcescens,	while	gentamicin	and	tobramycin	are	ineffective.The	bacteria	are	resistant	to	ampicillin,	macrolides,	and
cephalosporins	of	the	first	generation.Therefore,	the	treatment	of	S.	marcescens	is	determined	by	antibiotic	susceptibility	testing	findings.Along	with	Morganella	and	Providencia,	the	genus	Proteus	is	a	member	of	the	tribe	Proteeae.The	term	Proteus	relates	to	their	pleomorphic	feature,	which	is	named	after	the	Greek	god	Proteus,	who	could	assume
any	form.With	few	exceptions,	all	members	of	the	tribe	Proteeae	are	Gram-negative,	noncapsulated,	pleomorphic,	and	motile	bacilli.	With	the	exception	of	certain	Providencia	strains,	the	majority	of	these	bacteria	produce	the	enzyme	urease,	which	hydrolyzes	urea	into	ammonia	and	carbon	dioxide.They	breakdown	tyrosine,	are	MR	positive	and	VP
negative,	and	proliferate	in	the	presence	of	KCN.They	do	not	decarboxylate	amino	acids	like	arginine,	lysine,	or	ornithine	dehydrogenase.They	neither	ferment	lactose	nor	dulcitol,	nor	use	malonate.	The	production	of	the	enzyme	phenyl	alanine	deaminase,	which	converts	phenyl	alanine	to	phenyl	pyruvic	acid	(PPA	reaction),	distinguishes	Proteeae
from	other	members	of	the	Enterobacteriaceae	family.There	are	four	species	within	the	genus	Proteus:	Proteus	mirabilis,	Proteus	vulgaris,	Proteus	penneri,	and	Proteus	myxofaciens.	P.	mirabilis	is	the	most	significant	species,	causing	90%	of	Proteus	infections	and	being	linked	to	urinary	tract	and	wound	infections	acquired	in	the
community.Typically,	P.	vulgaris	and	P.	penneri	are	linked	to	hospital-acquired	illnesses.	They	are	separated	from	patients	with	chronic	debilitating	conditions	and	immunocompromised	individuals.Differentiation	of	genera	of	the	Tribe	ProteeaeThe	genus	Morganella	is	a	member	of	the	Proteeae	tribe.The	only	species	in	the	genus	Morganella	is
Morganella	morganii,	which	has	two	subspecies:	morganii	and	sibonii.	Previously,	M.	morganii	was	assigned	to	the	genus	Proteus	as	Proteus	morganii.	M.	morganii	are	small,	Gram-negative,	motile	bacilli;	nevertheless,	unlike	Proteus	species,	they	do	not	cause	swarming	on	solid	medium.They	possess	facultative	anaerobiosis	and	lack	cell	walls.On
blood	agar	or	MacConkey	agar,	they	proliferate.They	are	negative	for	oxidase	and	positive	for	catalase	and	indole.	glucose	and	mannose	are	fermented	by	M.	morganii,	but	not	lactose.The	bacteria	decrease	nitrates	through	decarboxylating	ornithine,	hydrolyzing	urease,	and	hydrolyzing	urease.They	are	incapable	of	liquifying	gelatin	and	producing
hydrogen	sulphide.	M.	morganii	is	frequently	found	in	human	and	animal	faeces	and	causes	serious	invasive	illnesses	seldom.It	is	most	frequently	identified	as	an	opportunistic	pathogen	in	hospitalised	patients,	especially	those	receiving	prolonged	antibiotic	therapy.	M.	morganii	causes	urinary	tract	infections,	which	are	frequently	linked	to	an
alkaline	urine	pH.Infrequently,	the	bacteria	have	been	linked	to	sepsis,	pneumonia,	wound	infections,	pericarditis,	chorioamnionitis,	endophthalmitis,	empyema,	spontaneous	bacterial	peritonitis,	and	central	nervous	system	infections.Nosocomial	M.	morganii	strains	are	frequently	sensitive	to	cefepime,	imipenem,	meropenem,	piperacillin,
aminoglycosides,	and	fluoroquinolones.These	have	also	demonstrated	resistance	to	ceftazidime	and	other	cephalosporins	of	the	third	generation.	M.	morganii	strains	that	produce	ESBL	have	been	reported	recently.The	genus	Providencia	consists	of	five	species:	Providencia	stuartii,	Providencia	rettgeri,	Providencia	alcalifaciens,	Providencia
rustigianii,	and	Providencia	heimbachae.On	solid	media,	Providencia	spp.	are	Gram-negative,	motile	bacilli	that	do	not	swarm.They	emit	a	pleasant	odour	and	create	yellow	to	orange	colonies	on	DCA.	All	species	deaminate	phenylalanine,	but	only	P.	rettgeri	regularly	hydrolyzes	urea.Table	31-11	summarises	Providencias	further	biochemical	features.
Human	urine,	faeces,	and	blood,	as	well	as	the	neck,	perineum,	axilla,	and	wounds,	have	all	yielded	Providencia	species.P.	stuartii	is	the	most	prevalent	species	responsible	for	human	infections.	P.	stuartii	and,	to	a	lesser	extent,	P.	rettgeri	are	regularly	discovered	in	individuals	having	indwelling	urinary	catheters	for	an	extended	period	of	time.P.
stuartii	and	P.	rettgeri	are	connected	with	the	use	of	urinary	catheters,	which	is	significantly	more	prevalent	among	the	elderly.	As	a	result,	older	individuals	are	at	a	greater	risk	of	infection.Nearly	sixty	percent	of	the	bacterial	pathogens	recovered	from	the	urine	of	these	individuals	are	P.	stuartii.	P.	stuartii	contains	adhesin,	mannose-
resistant/Klebsiella-like	(MR/K)	hemagglutinin	protein,	enabling	it	to	adhere	to	the	urine	catheter.P.	stuartii	can	spread	from	urine	to	blood,	creating	a	frequent	infection	of	the	bloodstream	in	elderly	and	immunocompromised	people.	P.	alcalifaciens,	P.	rettgeri,	and	P.	stuartii	also	may	cause	invasive	diarrhoea.These	organisms	are	gaining	prominence
as	significant	causes	of	travelers	diarrhoea	in	adults.	Urine	and	faeces	culture	are	routinely	used	to	diagnose	a	UTI	and	diarrhoea.Blood	culture	is	important	for	diagnosing	suspected	infections	of	the	bloodstream.	Due	to	the	fact	that	numerous	Providencia	species	are	resistant	to	multiple	medications,	antibiotic	susceptibility	testing	is	useful	for
determining	which	drugs	should	be	used	for	therapy.	P.	stuartii	is	the	Providencia	species	with	the	highest	resistance.It	demonstrates	resistance	to	tetracyclines,	older	penicillins,	cephalosporins,	fluoroquinolones,	aminoglycosides,	and	TMPSMX.It	is	vulnerable	to	cephalosporins	of	the	latest	generation,	aztreonam,	and	carbapenems.	P.	alcalifaciens
and	P.	rustigianii	are	typically	antibiotic-susceptible.They	are	typically	sensitive	to	fluoroquinolones,	aminoglycosides,	late-generation	cephalosporins,	aztreonam,	carbapenems,	and	TMPSMX.They	are	resistant	to	tetracyclines,	penicillins	of	the	past,	and	cephalosporins.Erwinia	organisms	are	typically	found	in	soil	and	cause	plant	infections.Erwinia
herbicola	is	the	sole	species	that	has	been	occasionally	isolated	from	respiratory	and	urinary	infections	in	chronically	ill	hospitalised	patients	and	patients	with	chronic	debilitation.Generate	flashcards,	quizzes,	and	ask	questions	to	deepen	your	understandingPlease	login	to	use	this	AI.Login	hereBNO	Team.	(2024,	March	27).	Coliform	Bacteria
Definition,	Classification,	Examples.	Biology	Notes	Online.	Retrieved	from	Team.	"Coliform	Bacteria	Definition,	Classification,	Examples."	Biology	Notes	Online,	27	March	2024,	biologynotesonline.com/coliform-bacteria/.BNO	Team.	"Coliform	Bacteria	Definition,	Classification,	Examples."	Biology	Notes	Online	(blog).	March	27,	2024.	.	Also	commonly
known	as	"indicatororganisms",	coliform	refers	to	a	wide	variety	of	bacteria	that	can	befound	throughout	the	environment.	This	means	that	these	organisms	can	be	foundin	soil,	water	surfaces,	vegetations	as	well	as	on	the	skin	or	intestinal	tractof	warm-blooded	organisms	such	as	humans.	Although	some	are	pathogenic	(capable	of	causing	diseases	-
mild	to	life	threateningdiseases)	most	of	them	are	harmless.	Regardless,	detection	of	coliform(indicator	organisms)	indicates	the	presence	of	potential	disease	causingbacteria	not	only	in	water,	but	also	in	given	foods	and	drinks	(milk	etc).Therefore,	coliform	are	important	because	they	help	raise	awareness	anddetermine	the	source	of	the
bacteria.Examples	of	Coliform	BacteriaDivided	into	three	main	groupswhich	include:Total	coliform	bacteriaFecal	coliform	bacteriaE.	coliTotal	Coliform	Bacteria	(TC)This	group	is	largely	composed	ofharmless,	closely	related	bacteria.	Apart	from	human	and	animal	waste,	totalcoliform	bacteria	can	be	found	in	such	environments	as	water,	vegetation
andsoil	where	they	live	freely.While	they	are	generally	harmless,	the	presence	ordetection	of	this	group	of	bacteria	in	drinking	water	or	water	source	thatsupply	drinking	water	is	important	because	they	are	indicative	of	possiblecontamination.If	detected	in	a	water	sample,	this	suggests	that	disease	causingcoliform	may	also	be	present	and	thus	the
need	to	treat	the	water	source	ordetermine	the	source	of	contamination	(environmental	contamination	etc).Thermotolerant	coliform	are	good	examples	of	total	coliform	bacteria.	These	arecoliform	that	are	capable	of	fermenting	lactose	at	45	degrees.*	Detection	of	total	coliform	does	notnecessarily	mean	that	disease	causing	bacteria	are	present	in
water.*	Testing	the	presence	of	total	coliform	bacteriabasically	involves	growing	them	in	lactose	media	at	about	35	degrees.Fecal	Coliform	BacteriaFecal	coliform	bacteria	(FC)	are	a	subgroup	ofthe	total	coliform	bacteria	that	can	be	found	in	the	intestines	and	feces	ofwarm	blooded	animals	(human	beings,	pigs,	cows,	dogs,	pigs	etc).	E.	coli	is
anexample	that	typically	resides	in	the	intestinal	tract	ofwarm-blooded	animals	and	thus	the	animal's	fecal	matter.When	they	are	outsidethe	host's	body,	these	organisms	cannot	live	for	long	because	their	survival	islargely	dependent	on	the	host.Compared	to	total	coliform	bacteria,	which	arelargely	harmless,	the	fecal	are	composed	of	both	pathogenic
andnon-pathogenic	bacteria.	As	such,	their	detection	in	a	sample	of	drinking	wateris	an	indication	that	the	water	is	contaminated	by	sewage.The	presence	of	these	bacteria	is	also	very	important	becausethe	source	of	the	bacteria	is	well	known	compared	to	the	source	of	totalcoliform	bacteria	(TC).	Here,	therefore,	it	becomes	easier	to	locate	and	fixthe
source	of	the	problem	and	treat	the	water	more	effectively	in	order	to	prevent	possible	diseases	associated.*	Fecal	coliform	bacteria	can	also	be	found	insuch	animals	as	shellfish.	Therefore,	people	can	get	sick	either	by	drinkingwater	contaminated	by	the	bacteria	or	from	eating	contaminated	shellfish.Someof	the	illnesses	that	can	result	range	from
mild	stomach	upsets	to	severesalmonellosis	(salmonella	poisoning)	caused	by	salmonella	bacteria.Escherichia	ColiE.	Coli	(Coliform)E.	coli	is	a	sub-group	of	fecal	coliformbacteria	and	is	largely	composed	of	E.	coli	(Escherichia	coli).Compared	to	others,	E.	coli	are	almost	exclusively	found	in	the	intestines	of	warm-blooded	animals	where	they	are	able	to
live	and	reproduce.Although	they	are	mostly	harmless	in	the	host's	intestines,	there	are	strainsof	E.	coli	(e.g.	E.coli	0157:H7)	that	can	cause	serious	illnesses.	Detection	ofthese	organisms	in	water	is	indicative	of	fecal	contamination	(recent	contaminationin	most	cases)	as	well	as	possible	presence	of	other	pathogenic	organisms	thatmay	include
viruses.	In	such	cases,	water	is	contaminated	by	sewage	or	animalfeces.*	E.	coli	cannot	live	long	outside	the	host,	forthis	reason,	their	presence	in	water	is	evidence	that	water	was	recentlycontaminated.*	If	contaminated	animal	meat	(such	as	beef)	isconsumed	(not	cooked	properly)	it	can	cause	the	consumer	to	become	illTypes	of	ColiformCitrobacter



-	A	genus	inEnterobacteriaceae	family	that	includes	such	bacteria	as	C.	amalonaticus	and	C.	freundiiEnterobacter	-	A	genus	in	class	Gammaproteobacteriathat	includes	Enterobacter	cloacae	and	Enterobacter	aerogenesHafnia	-	Also	belonging	to	theEnterobacteriaceae	family,	Hafnia	includes	such	bacteria	as	Hafnia	alveiEscherichia	-	Genus	of	Family
Enterobacteriaceaeand	includes	bacteria	like	E.	coliKlebsiellaSome	Coliform	CharacteristicsGram	negative	-	Coliform	bacteria	have	a	thin	peptidoglycan	layer	and	thus	areunable	to	retain	the	primary	stain	(gram	staining)	when	washed	with	alcohol.Typically,	they	will	stain	red	or	pink	during	staining	because	they	take	up	thecounter	stain.	See	Gram
StainDo	not	form	spores	-	During	extreme	conditions,	some	bacteria	form	spores	so	thatthey	can	survive	and	germinate	during	favorable	conditions.	However,	coliformsdo	not	undergo	this	processThey	are	facultative	anaerobes	-	They	can	survive	with	very	little	or	no	oxygenby	using	anaerobic	respiration.Rod	shaped	-	Also	known	as	bacillus,	they	are
shaped	like	a	rod	(elongated)They	ferment	lactose	-	Fermentation	of	lactose	by	coliform	results	in	the	productionof	acid	and	gas,	which	helps	in	their	identification	during	coliform	testingIndicator	TestsThe	following	are	some	of	the	testing	methodsused	to	determine	whether	total	coliform	bacteria	are	present	in	a	sample	ofwater:MembraneFiltration
(membrane	filtertechnique)RequirementsWater	sample	(ground	or	wastewater)Membrane	filter	-	Thefilter	(cellulose	ester	membrane)	used	for	this	technique	has	pores	of	0.45micrometers	and	measures	about	47milimetersMI	agarIncubatorProcedurePoor	about	100	millilitersof	the	water	sample	through	the	filterPlace	the	filter	on	theplate	agar	(on
MI	agar)Incubate	for	about	24	hoursat	35	degrees	(temperature)For	this	technique,	the	filter	membrane	is	usedto	filter	and	thus	retain	any	coliform	bacteria	that	may	be	present	in	thesample.After	incubation,	the	bacteria	(if	present)	will	use	the	nutrients	inthe	agar	plate	to	grow.If	a	blue	color	is	observed,	this	indicates	that	thebeta-glucuronidase
enzyme	of	E.	coli	was	involved	in	breaking	downIndoxyl-beta-D-glucuronide	(IBDG)	in	MI	agar	and	thus	indicates	the	presence	ofE.	coli.Afluorescence	appearance,however,	indicates	thatbeta-galactosidase	was	involved	in	breaking	down4-methylumbel-liferyl--D-galactopyranoside	(MUGal)	which	is	also	present	in	theagar.*	For	this	technique,
absorbent	pads	with	lauryltryptose	broth	can	also	be	used.	These	are	transferred	to	either	M-endo	mediaor	agar	to	grow	the	bacteria.*	Once	bacteria	are	cultures,	the	colonies	arethen	counted	under	the	microscope.Multiple	Tube	Fermentation	Technique(To	determine	the	presence	of	rod	shaped,	facultativeanaerobic,	gram-negative	coliform	group	of
bacteria	that	do	not	form	spores)RequirementsLauryl	tryptose	brothGlass	tubesProcedureFor	this	technique,	the	procedure	involves	threemain	phases	that	include:Phase	1:	Presumptive	stageAdd	lauryl	trypsone	brothinto	several	fermentation	tubesInoculate	varyingquantities	of	the	sample	(water	sample)	in	to	the	tubesIncubate	the	tubes	forbetween
24	and	48	hours	at	about	35	degrees	Celsius	(check	every	24	hours	forgas	formation)*	Gas	formation	(bubbles)	in	the	tubes	is	markedas	a	positive	presumptive	testPhase	2:	Confirmed	state	(using	fermentationtubes	with	brilliant	green	lactose	bile	broth)For	this	step,	only	thesamples	that	marked	positive	in	the	first	phase	(positive	presumptive	test)
areusedTo	the	fermentation	tubewith	the	bile	broth,	inoculate	a	sample	of	the	medium	from	the	tubes	thattested	positive	in	the	first	phase	(immediately	after	gas	formation)Inoculate	the	tubes	for	about48	hours	at	35	degrees	Celsius*	If	gas	is	formed	during	this	phase,	it	is	anindication	of	positive	confirmed	testPhase	3:	Completed	testFor	this	phase,
requirements	include	sampleswith	positive	confirmed	test,	eosin	methylene	blue	plate,	incubator,	lauryltryptose	broth	fermentation	tube	as	well	as	nutrient	agar	slant.ProcedureUsing	a	wire	loop,	scoopand	streak	the	methylene	blue	plates	with	the	sample	(this	simply	involvedmarking	out	lines	of	the	sample	on	the	methylene	blue	plate,	violet	red
agarplate	or	MacConkey	agar	using	a	wire	loop)Incubate	the	plates	for	about24	hours	at	35	degrees	CelsiusObtain	a	colony	of	thebacteria	from	the	plate	and	transfer	it	to	the	fermentation	tube	(lauryltryptose	broth)	and	nutrient	agar	slantIncubate	the	two	(agarslants	and	fermentation	tubes)	for	between	24	and	48	hours	at	35	degrees	Celsius	to
determine	whetherany	gas	is	producedFor	the	agar	slant	sample,staining	is	required	(gram-staining)	in	order	to	view	the	sample	under	themicroscope.	As	for	the	fermentation	tube,	check	for	presence	of	gas*	The	presence	of	gas	in	fermentation	tubesindicates	the	presence	of	bacteria	and	this	is	marked	satisfactory	completedtest.	If	gram-negative,
rod	shaped	(without	spores)bacteria	are	identified	through	microscopy,	this	is	also	indicative	of	the	presenceof	the	bacteria	(total	coliform	group)For	the	agar	plates,	the	mediaused	(culture	media)	inhibit	the	growth	of	gram	positive	bacteria	and	onlyallow	the	test	to	determine	their	presence	of	gram-negative	bacteria	capable	offermenting
lactose.Depending	on	the	media	used,	the	color	of	theagar	plate	will	help	indicate	whether	coliform	are	present	in	the	sample:MacConkey	agar	will	turnspink	and	cloudy	indicating	the	presence	of	coliforms	that	ferment	lactoseEosin	methylene	blue	agarwill	show	a	metallic	green	sheen	in	the	presence	of	coliformsViolet	red	agar	will	turnred	or	pink	in
color	in	the	presence	of	coliform	bacteriaMPN	(Most	Probable	Number)	TechniqueEssentially,	MPN	is	similar	in	principle	tomultiple	tube	fermentation	technique.	However,	rather	than	simply	being	used	todetermine	the	presence	of	the	bacteria	(particularly	fecal	coliform)	MPN	isused	to	estimate	bacterial	concentration	in	water	in	order	to	determine
whetherthe	water	is	safe	for	use	in	homes.As	with	multiple	tube	fermentation	technique,the	technique	involves	three	main	steps	(presumptive	test,	confirmatory	testand	completed	test).	The	sample	is	diluted	in	different	tubes	of	differentsample	concentration	and	inoculated	in	lactose	broth.	This	technique	makes	itpossible	to	determine	the	amount	of
bacteria	in	different	dilutions	of	thesample	after	they	are	cultured.The	presence	of	the	bacteria	in	the	sample	isindicated	by	the	production	of	either	gas	or	acid	(change	in	the	color	of	themedia	or	presence	of	bubbles).	For	instance,	all	the	tubes	with	the	highestconcentration	of	the	sample	may	test	positive	for	the	bacteria	while	a	few	ofthe	less
concentrated	tubes	(less	sample	concentration)	may	prove	positivefollowing	the	test.MPN	IndexThe	MPN	index	is	used	to	show	the	number	ofbacteria	in	the	water	and	thus	help	determine	whether	the	water	is	safe	todrink.This	involves	the	following	steps:For	instance,	if	there	were	three	sets	of	brothtubes	each	with	5	tubes.	Each	set	would	be	of
different	concentration.	The	first	set	(with	5	tubes)	may	be	the	original,	undiluted	sample,the	second	set	(with	5	tubes)	may	be	10	to	the	negative	1	dilution	(half	theconcentration	of	the	original)	while	the	third	set	(also	with	5	tubes)	may	be10	to	the	negative	2	dilutions	(half	the	concentration	of	the	second	set).Assuming	that	all	of	the	tubes	in	set	1
arepositive	of	the	bacteria,	3	in	the	second	set	are	positive	and	only	1	in	thethird	set	is	positive,	then	these	results	can	be	compared	to	the	MPN	table	todetermine	the	MPN	index	(estimated	number	of	coliforms	in	100mL	of	water)	andtherefore	determine	whether	the	water	is	safe	for	use.*	MPN	index	below	2	is	considered	safe
fordrinking.MicroscopyMicroscopy	can	be	used	to	viewE.coli	coliform	in	wastewater,	ground	water	or	urine.	Here,	microscopy	can	beused	to	view	bacteria	colonies	or	count	individual	bacterial	cells.Observing	bacterial	cells	on	a	membraneRequirementsMembrane	filter	(with	0.45microns	pores)A	pair	of	forcepsA	low	power	microscopeSample	(water,
urine,wastewater)Collecting	apparatusA	funnelPrepared	agar	plate*Before	any	step	is	taken,	it	is	important	toensure	that	all	apparatus	used	are	sterile.	This	helps	prevent	contaminationthat	can	result	in	false	results.ProcedurePlace	the	funnel	on	thecollecting	apparatus	(the	collecting	apparatus	may	be	connected	to	a	vacuumsystem)Place	the	filter
below	thefunnel	so	that	it	is	between	the	funnel	and	the	collecting	apparatusPour	the	sample	slowly	intothe	funnel	and	apply	a	vacuum	in	the	collecting	apparatus	until	the	funnel	isemptyIf	some	sample	is	still	in	thefunnel,	pour	some	sterile	buffered	dilution	water	(20-30ml)	to	rinse	itApply	the	vacuum	to	emptythe	funnelUsing	a	pair	of	forceps,
carefully	remove	themembrane	filter	and	place	it	on	the	agar	plate	in	a	Petri	dish	(MacConkey	agar,Eosin	methylene	blue	agar	and	Violet	red	agar)Cover	the	plate	with	a	lidand	invert	the	plateIncubate	the	plate	forabout	2	hours	at	about	35	decrees	CelsiusUsing	a	low	powermicroscope,	observe	the	coliform	colonies	on	the	plate	(using	10	to
15xmagnification)Count	the	number	ofindividual	colonies	on	the	filter*	To	determine	the	number	of	colonies	in	100ml	ofthe	sample,	divide	the	number	of	colonies	counted	with	the	milliliters	of	thesample	used	in	the	procedure	and	multiply	the	results	with	a	100.	This	willgive	the	percentage	of	the	coliform	in	the	water/urine	or	wastewater.Fluorescent
In	Situ	Hybridization	Technique	(FISH)FISH	(fluorescent	in	situ	hybridization)	refersto	a	technique	that	uses	fluorescent	probes	for	the	purposes	of	detecting	andcomparing	DNA	sequences.When	it	comes	to	detecting	E.coli	bacteria,this	technique	has	the	advantage	of	saving	time	compared	to	the	othertechniques	commonly	used	for	detecting	the
presence	of	coliform.Requirements0.40-umblack	polyester	membranefilterA	pad	(soaked	in	80	percentethanol)Petri	dishHybridization	buffer	(50ul)with	respective	probesHybridization	chamber550	ul	of	washingbufferProcedureFilter	the	sample	using	the0.40	um	membrane	filterTransfer	the	filter	theethanol	soaked	pad	and	allow	to	stand	for	about
3minutes	at	room	temperature	ina	Petri	dishDry	the	filter	membrane	andfilter	at	room	temperature	for	about	3	minutesPlace	the	membrane	filteron	the	hybridization	buffer	(50ul)	in	the	hybridization	chamber	and	incubatefor	about	90	minutes	at	46	degreePlace	the	membrane	on	thewashing	buffer	soaked	buffer	(550ul)*	for	this	technique,
epifluorescence	microscopyis	used	to	view	the	sample	(with	WIBA	filter	block)ObservationDepending	on	the	type	of	coliform	present	in	thesample,	microscopy	will	show	weak	or	high	fluorescence	intensity	from	thefluorescent	probes	attached	to	the	bacteria.	This	makes	it	possible	to	countthe	number	of	individual	bacteria	in	the	specimen.See:
Microscope	Experiments	PageTake	a	look	at	SalmonellaReturn	to	learning	about	MicroorganismsMore	info	at	Bacteria	under	the	MicroscopeReturn	to	E.Coli	Under	the	Microscope	PageReturn	from	Coliform	bacteria	to	MicroscopeMaster	Research	HomeReferencesCara	Gleeson	and	Nick	Gray	(1996)	The	ColiformIndex	and	Waterborne	Disease:
Problems	of	microbial	drinking	water	assessment.Cliff	Treyens	(2009)	Bacteria	and	Private	Wells.Information	Every	Well	Owner	Should	Know.	Cliff	Treyens,	Director	of	PublicAwareness,	National	Ground	Water	Association.	Links	out	how	to	advertise	on	MicroscopeMaster!	Home	Bacteriology	Coliform	bacteria	are	a	group	of	Gram-negative,	aerobic,
and	facultative	anaerobic	rod-shaped	bacteria	containing	the	enzyme	galactosidase	that	is	capable	of	fermenting	lactose-producing	acid	and	gas.	They	are	also	called	Coli-aerogenes	bacteria.	Coliform	Bacteria	WHO	defines	coliform	as	Gram-negative,	rod-shaped	bacteria,	capable	of	growth	in	the	presence	of	bile	salts	or	other	surface-active	agents
with	similar	growth-inhibiting	properties,	and	able	to	ferment	lactose	at	3537C	with	the	production	of	acid,	gas,	and	aldehyde	within	2448	hours.	They	are	also	oxidase-negative,	non-spore-forming	and	display	-galactosidase	activity.	The	group	originally	contained	only	4	genera	of	the	Enterobacteriaceae	family:	only	the	strains	from	genera
Escherichia,	Enterobacter,	Klebsiella,	and	Citrobacter.	Initially,	the	classification	was	based	on	the	morphological	features	and	the	ability	to	ferment	lactose,	so	only	these	4	genera	were	considered	coliforms.	Recently	the	module	for	classification	changes,	and	the	coliform	group	is	now	defined	with	the	ability	to	produce	enzyme	galactosidase	based
on	the	ONPG	(o-Nitrophenyl--galactopyranoside)	test	and	other	molecular	features	and	biochemical	tests	like	IMViC.	Now	there	are	19	genera	in	the	coliform	group,	and	all	of	them	are	members	of	Enterobacteriaceae.	Aeromonas,	which	belong	to	the	family	Aeromonadaceae,	is	also	referred	to	as	a	member	of	the	coliform	group	but	is	not	accepted
widely.	Aeromonas	also	have	the	capacity	to	produce	galactosidase,	and	many	species	ferment	lactose	at	37C	but	are	oxidase-positive;	however,	all	other	coliforms	are	oxidase	negative.	The	following	table	contains	all	the	coliform	bacteria;	Arsenophonus	spp.Budvicia	spp.Buttiauxella	spp.Cedecea	spp.Ewingella	spp.Kluyvera	spp.Leclercia
spp.Moellerella	spp.Pantoea	spp.Rahnella	spp.Trabulsiella	spp.Yokenella	spp.Citrobacter	spp.Enterobacter	spp.Escherichia	spp.Hafnia	spp.Klebsiella	spp.Serratia	spp.Yersinia	spp.Source:	LECLERC	ET	AL.	Annual	Review	of	Microbiology,	55(1),	201-234.**Aeromonas	spp.	are	also	included	in	some	literature.	Among	the	above-listed	genera,
Escherichia,	Klebsiella,	Citrobacter,	and	Enterobacter	cover	over	90%	of	commonly	isolated	genera.	Gram	negative	non-sporing	bacilli	Aerobic	or	facultative	anaerobic	Lactose	fermentation,	along	with	the	production	of	gas	and	acid	at	37C	Possesses	galactosidase	enzyme	All	are	oxidase	negative	(excluding	Aeromonas	from	the	group).	Coliforms	are
ubiquitous	in	nature	and	are	cosmopolitan	in	habitat.	They	are	commonly	found	in	soil,	water,	decaying	vegetation,	and	in/on	the	body	of	living	organisms	(insects,	mollusks,	vertebrates,	plants)	as	commensals	or	pathogens.	They	are	major	genera	in	the	gastrointestinal	tract	of	warm-blooded	animals;	hence	they	are	mostly	isolated	from	fecal	matter.
In	humans,	they	are	mainly	found	in	the	GI	tract.	E.	coli,	Klebsiella,	Citrobacter,	Enterobacter,	Hafnia,	Serratia,	and	Yersinia	species	are	found	abundantly	in	the	GI	tract	of	vertebrates.	The	coliform	group	is	sub-divided	into	3	groups,	namely,	(i)	Total	Coliform,	(ii)	Fecal	Coliform,	and	(iii)	E.	coli	TC	includes	all	the	19	genera;	the	genera	that	are	found
in	the	free	environment	like	in	soil,	water,	decaying	vegetation,	plant	surfaces,	etc.,	and	the	genera	that	are	found	in	the	GI	tract	of	warm-blooded	animals.	This	group	mainly	contains	species	that	are	non-pathogenic	(some	are	opportunistic)	to	humans.	They	usually	contain	strains	that	are	mesophilic	in	nature	and	hardly	tolerate	bile	salts	and
temperatures	of	44C.	Their	presence	in	water	or	any	other	edibles	indicates	contamination	from	any	environmental	sources	or	fecal	matter,	but	not	necessarily	the	fecal	matter.	However,	their	presence	in	any	edibles	indicates	the	risk	of	contamination	from	probable	pathogens.	Fecal	coliform	is	another	sub-group	of	coliform	or	TC,	which	includes
coliform	genera	that	are	found	specifically	in	the	GI	tract	and	fecal	matters	of	warm-blooded	animals,	including	humans.	They	are	now	called	thermotolerant	coliforms	because	they	can	thrive	well	and	ferment	lactose	at	around	440C.	Their	specific	character	is	the	ability	to	tolerate	bile	salts	and	other	similar	surface	agents	and	ferment	lactose,
releasing	acid	and	gas	at	about	44C.	Their	presence	in	water	or	other	edibles	indicates	contamination	with	the	fecal	matter	of	humans	or	other	warm-blooded	animals.	Their	presence	does	not	guarantee	the	presence	of	pathogens	in	the	edibles	but	indicates	a	higher	potential	for	the	presence	of	pathogens.	FC	contains	genera	Escherichia	which
originates	from	feces;	however,	there	are	other	genera	like	Klebsiella,	Enterobacter,	and	Citrobacter,	which	not	necessarily	are	found	in	feces.	Hence,	it	is	now	called	thermotolerant	coliform.	E.	coli	is	a	sub-group	of	thermotolerant	coliform,	including	strains	of	E.	coli	bacteria	only.	It	is	the	major	coliform	species	that	are	widely	isolated	from	water
and	other	edibles.	E.	coli	is	generally	found	in	the	GI	tract	and	fecal	matters	of	warm-blooded	animals;	hence	their	presence	strongly	indicates	fecal	contamination.	Several	strains	of	E.	coli	are	pathogenic,	and	their	presence	strongly	suggests	a	higher	probability	of	the	presence	of	the	pathogens.	Figure:	Scheme	of	Sub-grouping	of	Coliform	Bacteria
Coliforms	are	referred	to	as	indicator	organisms	and	are	routinely	used	to	indicate	the	microbiological	quality	of	water,	and	also	in	dairy	products,	and	other	beverages.	Coliforms	are	easy	to	isolate,	purify	and	identify,	and	their	presence	is	often	associated	with	other	potential	pathogens;	hence	they	are	used	as	an	indicator	organism	in	water.	Fecal
coliforms,	together	with	other	fecal	bacteria,	are	used	as	the	major	indicator	organisms.	Their	presence	indicates	fecal	contamination.	E.	coli	is	the	most	important	coliform	as	an	indicator	organism.	The	presence	of	E.	coli	is	very	serious	than	the	presence	of	other	fecal	coliforms.	Most	strains	of	E.	coli	are	non-pathogenic,	but	there	are	pathogenic
strains	like	E.	coli	O157:H7.	According	to	the	guidelines	of	WHO,	there	must	NOT	be	any	detectable	E.	coli	or	other	thermotolerant	coliforms	in	water	intended	for	drinking	or	distribution	in	the	community	water	supply	system.	Most	of	the	species	in	the	coliform	group	are	non-pathogenic	to	humans.	Some	species	of	genera	like	Escherichia,
Klebsiella,	Citrobacter,	Enterobacter,	Hafnia,	Serratia,	and	Yersinia	are	pathogenic	to	humans	causing	several	gastrointestinal	infections,	UTIs,	septicemia,	bacteremia,	or	other	systemic	infections.	The	most	common	infection	is	a	gastrointestinal	disorder	like	diarrhea.	E.	coli,	and	Klebsiella	are	the	most	common	pathogens	in	this	group.	Several
species	of	coliforms	are	found	responsible	for	the	spoilage	of	perishable	foods	with	high	moisture	content	like	milk	and	dairy	products,	fruit	juices,	vegetables,	and	fruits.	They	are	also	responsible	for	the	spoilage	of	meat	and	unprocessed	meat	products.	They	usually	contaminate	the	food	from	water	and	food	handlers	or	are	also	already	present	in	the
source	animals.	They	start	producing	acid	and	gas,	giving	off	an	odor,	sliminess,	and	change	in	texture.	E.	coli,	Yersinia	spp.,	Klebsiella	spp.,	Serratia	spp.,	Kluyvera	spp.,	Pantoea	spp.	are	commonly	associated	with	spoilage.	Contaminated	water	is	the	main	source	of	coliform	bacteria.	From	the	contaminated	water,	they	are	disseminated	to	foodstuffs
and	infect	the	human	hosts.	Mainly	warm-blooded	animals	are	the	reservoir	of	fecal	coliforms.	Feces	of	human	and	other	vertebrates	are	major	reservoir	that	usually	contaminates	water	bodies.	Besides,	soil,	vegetation,	and	decaying	matters	are	the	reservoir	of	total	coliforms.	It	is	mandatory	to	detect	coliform	bacteria,	especially	thermotolerant
coliforms,	in	drinking	water;	both	processed	and	packed,	as	well	as	drinking	water	for	distribution	in	the	community	via	pipeline.	Coliforms	can	be	detected	by	the	following	methods:	It	is	the	most	common	and	simple	method	used	to	isolate	the	coliforms	from	the	water	sample.	It	can	detect	the	presence	of	total	coliforms,	but	it	confirms	the	presence
of	E.	coli	only	directly.	For	confirming	other	coliform	species,	it	must	be	followed	by	a	series	of	biochemical	tests.	In	this	method,	water	is	filtered	through	a	membrane	filter,	usually	a	nitrocellulose	filter	paper	with	0.45m	pore	sizes,	and	the	filter	paper	is	placed	over	a	solidified	culture	media	and	incubated	at	370C	for	up	to	24-48	hours	and	observed
for	the	growth	of	microorganisms.	The	most	common	media	used	in	this	process	are	M-endo	Agar,	EMB	(Eosin	Methylene	Blue)	Agar,	and	VRBA	(Violet	Red	Bile	Agar)	Medium.	These	mediums	are	preferred	because	they	are	selective	for	Gram-negative	and	are	indicator	mediums	for	E.	coli	and	lactose	fermenters.	It	is	another	commonly	used
technique	for	the	detection	of	total	coliform	contamination	of	water.	It	is	a	more	complex	and	laborious	process	of	coliform	detection	than	membrane	filtration.	However,	it	gives	an	approximate	count	of	viable	bacteria	and	can	detect	any	type	of	coliform	genera	and	other	non-coliform	bacteria	too.	In	this	method,	sample	water	is	analyzed	in	three
different	steps;	(i)	presumptive	test,	(ii)	confirmatory	test,	and	(iii)	completed	the	test.	The	presumptive	test	is	the	primary	screening	step	where	only	the	presence	or	absence	of	acid	and	gas-producing	lactose	fermenter	bacteria	is	studied.	The	approximate	load	of	bacteria	is	also	counted	in	this	step.	In	the	confirmatory	test,	it	is	confirmed	that	the
lactose	fermenter	identified	in	the	presumptive	test	is	coliform	bacteria	because	other	non-coliform	bacteria	can	also	ferment	the	lactose-producing	acid	and	gas.	Finally,	in	the	completed	test,	the	result	of	the	confirmatory	test	is	once	again	verified	and	the	presence	or	absence	of	E.	coli	is	confirmed.	If	the	coliform	is	other	than	E.	coli,	it	needs
further	biochemical	tests	for	identification.	In	this	method,	lactose	broth	(single	and	double	strength),	brilliant	green	lactose	broth	(BGLB)	medium,	indole	medium	(tryptone	water),	EMB	agar	or	M-endo	agar,	and	Nutrient	Agar	(NA)	are	mostly	used.	Its	main	drawback	is	the	requirement	of	a	longer	time	period,	different	media	and	instruments,
process	complexity,	and	the	need	for	further	tests	for	the	detection	of	genera.	A	sample	is	inoculated	in	selective	and	indicator	media	like	VRBA,	EMB,	MacConkey	agar,	Lactose	broth,	M-endo	agar,	Coliform	agar,	chromogenic	coliform	agar,	etc.	are	used	for	detection	of	coliform,	especially	E.	coli.	It	is	one	of	the	most	advanced	and	accurate	methods
for	detection	and	confirmation	of	coliform	up	to	the	level	of	subspecies,	serovars,	and	sub-strains.	The	DNA	or	RNA	of	isolated	bacteria	is	analyzed	to	confirm	their	identification.	The	galactosidase	coding	gene	is	the	key	used	to	identify	coliform	by	PCR	method.	FISH	is	a	new	molecular	technique	that	is	being	used	to	detect	several	species	of
coliforms,	including	E.	coli,	Klebsiella,	Enterobacter,	and	Citrobacter.	FISH	uses	specific	oligonucleotide	probes	for	the	detection	of	complementary	sequences	in	16S	rRNA	of	coliform.	This	method	is	very	quick	and	more	efficient	than	any	other	available	method	of	coliform	detection.	However,	it	is	expensive	and	requires	fluorophore,	fluorescent
microscope,	and	other	complex	and	expensive	instruments,	processes,	and	expert	microbiologists.	Several	commercial	kits	are	available	for	the	detection	of	coliforms	in	drinking	water.	These	kits	are	based	on	the	principle	that	coliforms	will	ferment	lactose,	releasing	acid	and	gas.	Can	be	used	as	indicator	organismsPotential	pathogens	The	most
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of	Gram-negative,	aerobic,	and	facultative	anaerobic	rod-shaped	bacteria	containing	the	enzyme	galactosidase	that	is	capable	of	fermenting	lactose-producing	acid	and	gas.	They	are	also	called	Coli-aerogenes	bacteria.	Coliform	Bacteria	WHO	defines	coliform	as	Gram-negative,	rod-shaped	bacteria,	capable	of	growth	in	the	presence	of	bile	salts	or
other	surface-active	agents	with	similar	growth-inhibiting	properties,	and	able	to	ferment	lactose	at	3537C	with	the	production	of	acid,	gas,	and	aldehyde	within	2448	hours.	They	are	also	oxidase-negative,	non-spore-forming	and	display	-galactosidase	activity.	The	group	originally	contained	only	4	genera	of	the	Enterobacteriaceae	family:	only	the
strains	from	genera	Escherichia,	Enterobacter,	Klebsiella,	and	Citrobacter.	Initially,	the	classification	was	based	on	the	morphological	features	and	the	ability	to	ferment	lactose,	so	only	these	4	genera	were	considered	coliforms.	Recently	the	module	for	classification	changes,	and	the	coliform	group	is	now	defined	with	the	ability	to	produce	enzyme
galactosidase	based	on	the	ONPG	(o-Nitrophenyl--galactopyranoside)	test	and	other	molecular	features	and	biochemical	tests	like	IMViC.	Now	there	are	19	genera	in	the	coliform	group,	and	all	of	them	are	members	of	Enterobacteriaceae.	Aeromonas,	which	belong	to	the	family	Aeromonadaceae,	is	also	referred	to	as	a	member	of	the	coliform	group
but	is	not	accepted	widely.	Aeromonas	also	have	the	capacity	to	produce	galactosidase,	and	many	species	ferment	lactose	at	37C	but	are	oxidase-positive;	however,	all	other	coliforms	are	oxidase	negative.	The	following	table	contains	all	the	coliform	bacteria;	Arsenophonus	spp.Budvicia	spp.Buttiauxella	spp.Cedecea	spp.Ewingella	spp.Kluyvera
spp.Leclercia	spp.Moellerella	spp.Pantoea	spp.Rahnella	spp.Trabulsiella	spp.Yokenella	spp.Citrobacter	spp.Enterobacter	spp.Escherichia	spp.Hafnia	spp.Klebsiella	spp.Serratia	spp.Yersinia	spp.Source:	LECLERC	ET	AL.	Annual	Review	of	Microbiology,	55(1),	201-234.**Aeromonas	spp.	are	also	included	in	some	literature.	Among	the	above-listed
genera,	Escherichia,	Klebsiella,	Citrobacter,	and	Enterobacter	cover	over	90%	of	commonly	isolated	genera.	Gram	negative	non-sporing	bacilli	Aerobic	or	facultative	anaerobic	Lactose	fermentation,	along	with	the	production	of	gas	and	acid	at	37C	Possesses	galactosidase	enzyme	All	are	oxidase	negative	(excluding	Aeromonas	from	the	group).
Coliforms	are	ubiquitous	in	nature	and	are	cosmopolitan	in	habitat.	They	are	commonly	found	in	soil,	water,	decaying	vegetation,	and	in/on	the	body	of	living	organisms	(insects,	mollusks,	vertebrates,	plants)	as	commensals	or	pathogens.	They	are	major	genera	in	the	gastrointestinal	tract	of	warm-blooded	animals;	hence	they	are	mostly	isolated	from
fecal	matter.	In	humans,	they	are	mainly	found	in	the	GI	tract.	E.	coli,	Klebsiella,	Citrobacter,	Enterobacter,	Hafnia,	Serratia,	and	Yersinia	species	are	found	abundantly	in	the	GI	tract	of	vertebrates.	The	coliform	group	is	sub-divided	into	3	groups,	namely,	(i)	Total	Coliform,	(ii)	Fecal	Coliform,	and	(iii)	E.	coli	TC	includes	all	the	19	genera;	the	genera
that	are	found	in	the	free	environment	like	in	soil,	water,	decaying	vegetation,	plant	surfaces,	etc.,	and	the	genera	that	are	found	in	the	GI	tract	of	warm-blooded	animals.	This	group	mainly	contains	species	that	are	non-pathogenic	(some	are	opportunistic)	to	humans.	They	usually	contain	strains	that	are	mesophilic	in	nature	and	hardly	tolerate	bile
salts	and	temperatures	of	44C.	Their	presence	in	water	or	any	other	edibles	indicates	contamination	from	any	environmental	sources	or	fecal	matter,	but	not	necessarily	the	fecal	matter.	However,	their	presence	in	any	edibles	indicates	the	risk	of	contamination	from	probable	pathogens.	Fecal	coliform	is	another	sub-group	of	coliform	or	TC,	which
includes	coliform	genera	that	are	found	specifically	in	the	GI	tract	and	fecal	matters	of	warm-blooded	animals,	including	humans.	They	are	now	called	thermotolerant	coliforms	because	they	can	thrive	well	and	ferment	lactose	at	around	440C.	Their	specific	character	is	the	ability	to	tolerate	bile	salts	and	other	similar	surface	agents	and	ferment
lactose,	releasing	acid	and	gas	at	about	44C.	Their	presence	in	water	or	other	edibles	indicates	contamination	with	the	fecal	matter	of	humans	or	other	warm-blooded	animals.	Their	presence	does	not	guarantee	the	presence	of	pathogens	in	the	edibles	but	indicates	a	higher	potential	for	the	presence	of	pathogens.	FC	contains	genera	Escherichia
which	originates	from	feces;	however,	there	are	other	genera	like	Klebsiella,	Enterobacter,	and	Citrobacter,	which	not	necessarily	are	found	in	feces.	Hence,	it	is	now	called	thermotolerant	coliform.	E.	coli	is	a	sub-group	of	thermotolerant	coliform,	including	strains	of	E.	coli	bacteria	only.	It	is	the	major	coliform	species	that	are	widely	isolated	from
water	and	other	edibles.	E.	coli	is	generally	found	in	the	GI	tract	and	fecal	matters	of	warm-blooded	animals;	hence	their	presence	strongly	indicates	fecal	contamination.	Several	strains	of	E.	coli	are	pathogenic,	and	their	presence	strongly	suggests	a	higher	probability	of	the	presence	of	the	pathogens.	Figure:	Scheme	of	Sub-grouping	of	Coliform
Bacteria	Coliforms	are	referred	to	as	indicator	organisms	and	are	routinely	used	to	indicate	the	microbiological	quality	of	water,	and	also	in	dairy	products,	and	other	beverages.	Coliforms	are	easy	to	isolate,	purify	and	identify,	and	their	presence	is	often	associated	with	other	potential	pathogens;	hence	they	are	used	as	an	indicator	organism	in
water.	Fecal	coliforms,	together	with	other	fecal	bacteria,	are	used	as	the	major	indicator	organisms.	Their	presence	indicates	fecal	contamination.	E.	coli	is	the	most	important	coliform	as	an	indicator	organism.	The	presence	of	E.	coli	is	very	serious	than	the	presence	of	other	fecal	coliforms.	Most	strains	of	E.	coli	are	non-pathogenic,	but	there	are
pathogenic	strains	like	E.	coli	O157:H7.	According	to	the	guidelines	of	WHO,	there	must	NOT	be	any	detectable	E.	coli	or	other	thermotolerant	coliforms	in	water	intended	for	drinking	or	distribution	in	the	community	water	supply	system.	Most	of	the	species	in	the	coliform	group	are	non-pathogenic	to	humans.	Some	species	of	genera	like
Escherichia,	Klebsiella,	Citrobacter,	Enterobacter,	Hafnia,	Serratia,	and	Yersinia	are	pathogenic	to	humans	causing	several	gastrointestinal	infections,	UTIs,	septicemia,	bacteremia,	or	other	systemic	infections.	The	most	common	infection	is	a	gastrointestinal	disorder	like	diarrhea.	E.	coli,	and	Klebsiella	are	the	most	common	pathogens	in	this	group.
Several	species	of	coliforms	are	found	responsible	for	the	spoilage	of	perishable	foods	with	high	moisture	content	like	milk	and	dairy	products,	fruit	juices,	vegetables,	and	fruits.	They	are	also	responsible	for	the	spoilage	of	meat	and	unprocessed	meat	products.	They	usually	contaminate	the	food	from	water	and	food	handlers	or	are	also	already
present	in	the	source	animals.	They	start	producing	acid	and	gas,	giving	off	an	odor,	sliminess,	and	change	in	texture.	E.	coli,	Yersinia	spp.,	Klebsiella	spp.,	Serratia	spp.,	Kluyvera	spp.,	Pantoea	spp.	are	commonly	associated	with	spoilage.	Contaminated	water	is	the	main	source	of	coliform	bacteria.	From	the	contaminated	water,	they	are	disseminated
to	foodstuffs	and	infect	the	human	hosts.	Mainly	warm-blooded	animals	are	the	reservoir	of	fecal	coliforms.	Feces	of	human	and	other	vertebrates	are	major	reservoir	that	usually	contaminates	water	bodies.	Besides,	soil,	vegetation,	and	decaying	matters	are	the	reservoir	of	total	coliforms.	It	is	mandatory	to	detect	coliform	bacteria,	especially
thermotolerant	coliforms,	in	drinking	water;	both	processed	and	packed,	as	well	as	drinking	water	for	distribution	in	the	community	via	pipeline.	Coliforms	can	be	detected	by	the	following	methods:	It	is	the	most	common	and	simple	method	used	to	isolate	the	coliforms	from	the	water	sample.	It	can	detect	the	presence	of	total	coliforms,	but	it
confirms	the	presence	of	E.	coli	only	directly.	For	confirming	other	coliform	species,	it	must	be	followed	by	a	series	of	biochemical	tests.	In	this	method,	water	is	filtered	through	a	membrane	filter,	usually	a	nitrocellulose	filter	paper	with	0.45m	pore	sizes,	and	the	filter	paper	is	placed	over	a	solidified	culture	media	and	incubated	at	370C	for	up	to	24-
48	hours	and	observed	for	the	growth	of	microorganisms.	The	most	common	media	used	in	this	process	are	M-endo	Agar,	EMB	(Eosin	Methylene	Blue)	Agar,	and	VRBA	(Violet	Red	Bile	Agar)	Medium.	These	mediums	are	preferred	because	they	are	selective	for	Gram-negative	and	are	indicator	mediums	for	E.	coli	and	lactose	fermenters.	It	is	another
commonly	used	technique	for	the	detection	of	total	coliform	contamination	of	water.	It	is	a	more	complex	and	laborious	process	of	coliform	detection	than	membrane	filtration.	However,	it	gives	an	approximate	count	of	viable	bacteria	and	can	detect	any	type	of	coliform	genera	and	other	non-coliform	bacteria	too.	In	this	method,	sample	water	is
analyzed	in	three	different	steps;	(i)	presumptive	test,	(ii)	confirmatory	test,	and	(iii)	completed	the	test.	The	presumptive	test	is	the	primary	screening	step	where	only	the	presence	or	absence	of	acid	and	gas-producing	lactose	fermenter	bacteria	is	studied.	The	approximate	load	of	bacteria	is	also	counted	in	this	step.	In	the	confirmatory	test,	it	is
confirmed	that	the	lactose	fermenter	identified	in	the	presumptive	test	is	coliform	bacteria	because	other	non-coliform	bacteria	can	also	ferment	the	lactose-producing	acid	and	gas.	Finally,	in	the	completed	test,	the	result	of	the	confirmatory	test	is	once	again	verified	and	the	presence	or	absence	of	E.	coli	is	confirmed.	If	the	coliform	is	other	than	E.
coli,	it	needs	further	biochemical	tests	for	identification.	In	this	method,	lactose	broth	(single	and	double	strength),	brilliant	green	lactose	broth	(BGLB)	medium,	indole	medium	(tryptone	water),	EMB	agar	or	M-endo	agar,	and	Nutrient	Agar	(NA)	are	mostly	used.	Its	main	drawback	is	the	requirement	of	a	longer	time	period,	different	media	and
instruments,	process	complexity,	and	the	need	for	further	tests	for	the	detection	of	genera.	A	sample	is	inoculated	in	selective	and	indicator	media	like	VRBA,	EMB,	MacConkey	agar,	Lactose	broth,	M-endo	agar,	Coliform	agar,	chromogenic	coliform	agar,	etc.	are	used	for	detection	of	coliform,	especially	E.	coli.	It	is	one	of	the	most	advanced	and
accurate	methods	for	detection	and	confirmation	of	coliform	up	to	the	level	of	subspecies,	serovars,	and	sub-strains.	The	DNA	or	RNA	of	isolated	bacteria	is	analyzed	to	confirm	their	identification.	The	galactosidase	coding	gene	is	the	key	used	to	identify	coliform	by	PCR	method.	FISH	is	a	new	molecular	technique	that	is	being	used	to	detect	several
species	of	coliforms,	including	E.	coli,	Klebsiella,	Enterobacter,	and	Citrobacter.	FISH	uses	specific	oligonucleotide	probes	for	the	detection	of	complementary	sequences	in	16S	rRNA	of	coliform.	This	method	is	very	quick	and	more	efficient	than	any	other	available	method	of	coliform	detection.	However,	it	is	expensive	and	requires	fluorophore,
fluorescent	microscope,	and	other	complex	and	expensive	instruments,	processes,	and	expert	microbiologists.	Several	commercial	kits	are	available	for	the	detection	of	coliforms	in	drinking	water.	These	kits	are	based	on	the	principle	that	coliforms	will	ferment	lactose,	releasing	acid	and	gas.	Can	be	used	as	indicator	organismsPotential	pathogens
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Huang,	and	Ying-Chien	Chung.	2021.	Development	of	Fluorescence	In	Situ	Hybridization	as	a	Rapid,	Accurate	Method	for	Detecting	Coliforms	in	Water	Samples	Biosensors	11,	no.	1:	8.	About	Author	Coliform	bacteria	include	a	large	group	of	many	types	of	bacteria	that	occur	throughout	the	environment.	They	are	common	in	soil	and	surface	water
and	may	even	occur	on	your	skin.	Large	numbers	of	certain	kinds	of	coliform	bacteria	can	also	be	found	in	waste	from	humans	and	animals.	Most	types	of	coliform	bacteria	are	harmless	to	humans,	but	some	can	cause	mild	illnesses,	and	a	few	can	lead	to	serious	waterborne	diseases.Coliform	bacteria	are	often	referred	to	as	"indicator	organisms"
because	they	indicate	the	potential	presence	of	disease-causing	bacteria	in	water.	The	presence	of	coliform	bacteria	in	water	does	not	guarantee	that	drinking	the	water	will	cause	an	illness.	Rather,	their	presence	indicates	that	a	contamination	pathway	exists	between	a	source	of	bacteria	(surface	water,	septic	system,	animal	waste,	etc.)	and	the
water	supply.	Disease-causing	bacteria	may	use	this	pathway	to	enter	the	water	supply.Specific	types	of	coliform	bacteria	may	be	tested	for,	especially	after	a	total	coliform	bacteria	test	is	positive.	These	subgroups	of	coliform	bacteria	include	fecal	coliform	and	Escherichia	coli	or	E.	coli.	Fecal	coliform	bacteria	are	specific	to	the	intestinal	tracts	of
warm-blooded	animals,	including	humans,	and	thus	require	a	more	specific	test	for	sewage	or	animal	waste	contamination.	E.	coli	is	a	type	of	fecal	coliform	bacteria	commonly	found	in	the	intestines	of	animals	and	humans.	A	positive	E.	coli	result	is	much	more	serious	than	coliform	bacteria	alone	because	it	indicates	that	human	or	animal	waste	is
entering	the	water	supply.	There	are	hundreds	of	strains	of	E.	coli.	Although	most	strains	are	harmless	and	live	in	the	intestines	of	healthy	humans	and	animals,	a	few	strains	can	produce	a	powerful	toxin	and	can	cause	severe	illness	and	death.Health	Effects	of	Coliform	BacteriaAs	mentioned	earlier,	drinking	water	that	is	contaminated	with	coliform
bacteria	does	not	always	cause	illness.	Most	of	these	bacteria	are	harmless	to	humans.	If	disease-causing	bacteria	are	present,	the	most	common	symptoms	are	gastrointestinal	upset	and	general	flu-like	symptoms	such	as	fever,	abdominal	cramps,	and	diarrhea.	Symptoms	are	most	likely	in	children	or	elderly	household	members.	In	some	cases,
household	residents	acquire	immunity	to	waterborne	bacteria	that	are	common	in	their	drinking	water.	In	this	case,	visitors	to	the	home	who	have	not	acquired	immunity	may	become	ill	after	drinking	the	water.	Since	the	symptoms	of	drinking	water	with	coliform	bacteria	are	common	to	many	human	illnesses,	knowing	that	water	is	the	source	of	the
problem	is	difficult	without	having	the	water	tested.Drinking	Water	StandardsMost	bacteria	in	the	coliform	group	do	not	cause	disease,	but	the	greater	their	number,	the	greater	the	likelihood	that	disease-causing	bacteria	may	be	present.	Since	coliform	bacteria	usually	persist	in	water	longer	than	most	disease-causing	organisms,	the	absence	of
coliform	bacteria	leads	to	the	assumption	that	the	water	supply	is	microbiologically	safe	to	drink.	Therefore,	the	drinking	water	standard	requires	that	no	coliform	bacteria	be	present	in	drinking	water.	Fecal	coliform	and	E.	coli	bacteria	should	also	be	totally	absent	from	drinking	water.Testing	Water	for	Coliform	BacteriaThe	most	common	water	test
for	bacteria	is	for	total	coliform	bacteria.	This	test	is	readily	available	to	the	public	and	is	inexpensive	(generally	$10	to	$30).	Water	tests	for	total	coliform	bacteria	can	be	arranged	through	a	local	office	of	the	Pennsylvania	Department	of	Environmental	Protection	(DEP)	or	by	a	state-certified	commercial	water-testing	laboratory.	A	list	of	certified
commercial	labs,	organized	by	county,	can	be	found	online	from	the	DEP.	You	can	also	call	your	local	DEP	or	Penn	State	Extension	office	to	find	a	local	certified	laboratory.Penn	State	Extension	recommends	that	all	private	water	supplies	(wells,	springs,	and	cisterns	serving	an	individual	house)	be	tested	for	total	coliform	bacteria	every	year.	If	your
initial	water	test	indicates	that	total	coliform	bacteria	are	present,	additional	tests	for	fecal	coliform	and	E.	coli	bacteria	may	be	warranted.Time	of	year	and	weather	conditions	can	affect	the	occurrence	and	amount	of	coliform	bacteria	in	wells.	A	Penn	State	study	looked	at	38	wells	that	tested	positive	for	coliform	bacteria	during	a	year	when
precipitation	was	near	normal.	These	38	wells	were	retested	during	a	cold,	dry	weather	spell	a	year	later.	Fewer	than	half	still	contained	coliform	bacteria,	and	most	of	these	had	lower	numbers	of	bacteria	than	previously	found.	Since	coliform	bacteria	like	to	live	near	the	surface	of	the	earth	and	prefer	warm	temperatures,	it	is	reasonable	that
bacteria	would	be	more	likely	to	occur	in	groundwater	wells	during	warmer,	wetter	weather	conditions	when	surface	water	is	recharging	groundwater	aquifers.	Thus,	the	highest	number	of	bacteria	will	be	found	by	testing	your	well	shortly	after	several	weeks	of	rainy	weather,	while	the	fewest	bacteria	will	be	found	when	testing	during	dry,	cold
conditions	in	the	winter.	These	variations	in	bacteria	with	season	and	weather	conditions	need	to	be	considered	when	testing	your	water	supply	for	bacteria.Proper	water	testing	for	bacteria	will	require	that	you	obtain	a	sterilized	sample	bottle	from	the	laboratory	and	collect	the	sample	strictly	according	to	their	instructions.	Failure	to	collect	the
sample	in	a	sterile	container	may	cause	bacteria	to	be	introduced	during	the	sampling	process.Once	at	the	laboratory,	your	water	may	be	analyzed	for	coliform	bacteria	using	a	variety	of	methods.	A	common	method	is	to	pass	100	milliliters	(mL)	of	water	through	a	membrane	filter	to	capture	the	bacteria.	The	filter	is	then	placed	in	a	petri	dish	with
agar	to	grow	the	bacteria	overnight.	If	bacteria	are	present,	they	appear	as	colonies	on	the	filter	paper	that	can	be	counted	(Figure	1).	The	bacteria	results	are	then	reported	as	the	number	of	colonies	per	100	mL	of	water.	Figure	1.	A	petri	dish	showing	coliform	bacteria	that	have	grown	after	24	hours	of	incubation	from	filtration	of	100	mL	of	well
water.Other	bacteria-testing	methods	look	for	color	changes	in	test	tubes	that	have	been	incubated	with	a	water	sample.	These	methods	may	simply	express	coliform	bacteria	results	as	"present"	(P)	or	"absent"	(A).	In	this	case,	"present"	only	indicates	that	at	least	one	bacterium	was	present	in	100	mL	of	water.	These	presence/	absence	methods	have
become	popular	because	they	are	simple,	less	expensive,	and	quicker	than	enumeration	methods.	But,	they	also	provide	less	information	about	the	severity	of	the	bacteria	problem	that	can	be	helpful	when	trying	to	determine	the	causes	and	solutions.There	are	other	coliform-bacteria	testing	methods	that	rely	on	color	changes	but	also	provide	an
estimate	of	the	number	of	bacteria	present.	These	are	often	referred	to	as	"most	probable	number"	(MPN)	methods,	which	use	a	statistical	relationship	to	estimate	the	number	of	bacteria	in	your	sample	based	on	color	changes	in	multiple	test	tubes.Sometimes,	coliform	bacteria	results	are	reported	as	"TNTC"	(too	numerous	to	count)	or	"confluent."
TNTC	means	that	the	bacteria	concentration	was	so	high	that	it	could	not	be	counted	(generally	higher	than	200	colonies	per	100	mL).	Confluent	means	that	numerous	other	non-coliform	bacteria	grew	on	the	plate,	making	identification	of	coliform	bacteria	impossible.	In	either	case,	another	sample	should	be	submitted	to	the	laboratory	for	a	more
accurate	determination.How	Common	Are	Coliform	Bacteria?Coliform	bacteria	are	one	of	the	most	common	water	contamination	problems	in	private	water	systems	in	Pennsylvania	and	throughout	the	United	States.	A	2006	survey	of	450	private	wells	found	coliform	bacteria	in	approximately	35	percent	and	E.	coli	bacteria	in	about	15	percent	of
private	wells.Coliform	bacteria	are	much	more	common	in	springs	and	shallow	wells	compared	to	deeper	wells	because	bacteria	are	naturally	filtered	out	by	soil	and	rock	as	surface	water	infiltrates	into	the	ground.	Deeper	wells	(greater	than	100	feet)	can	still	be	contaminated	by	coliform	bacteria	if	they	are	improperly	constructed	by	allowing
surface	water	to	flow	along	the	well	casing	directly	into	the	deep	groundwater	or	if	nearby	land	uses	are	causing	contamination	of	deep	groundwater.Removing	Bacteria	from	Drinking	WaterProblems	with	wells	or	springs	that	test	positive	for	coliform	bacteria	can	sometimes	be	solved	with	relatively	simple	actions.	If	your	water	supply	tests	positive,
consider	the	following	steps	to	solve	the	problem.Confirm	Test	Results:	Before	making	any	costly	decisions	about	your	water	supply,	make	sure	the	coliform	bacteria	result	you	have	received	is	accurate.	Make	sure	you	used	a	certified	water-testing	laboratory	and	that	you	carefully	followed	the	sample	collection	procedure	using	a	sterile	sample	bottle.
You	may	want	to	submit	a	second	sample	just	to	confirm	the	initial	result.	Also,	if	you	only	had	a	presence/absence	test	done,	you	may	want	to	consider	asking	the	lab	to	count	(enumerate)	the	bacteria	in	your	water.	It	is	also	important	to	follow	up	positive	total	coliform	bacteria	tests	with	a	test	for	E.	coli	bacteria	to	help	determine	the	severity	of	the
bacteria	problem.System	Maintenance:	Sometimes	some	simple	maintenance	of	the	water	supply	may	eliminate	the	source	of	bacterial	contamination.	For	example,	you	may	want	to	extend	a	buried	well	casing	above	the	ground	and	slope	the	ground	away	from	the	casing	to	prevent	surface	water	from	entering	the	well.	Also,	make	sure	the	top	of	the
casing	has	a	tight,	sanitary	well	cap	that	prevents	insects	and	surface	water	from	entering.	If	you	have	a	spring,	make	sure	the	spring	box	is	sealed	to	prevent	insects	and	animals	from	entering.	If	E.	coli	bacteria	are	present,	check	your	septic	system	for	proper	functioning	and	remove	or	divert	obvious	sources	of	animal	waste	from	around	the	well	or
spring.	If	you	have	a	loose-fitting	basic	well	cap,	consider	switching	to	a	sanitary	well	cap.Shock	Chlorination:	In	some	cases,	coliform	bacteria	can	be	introduced	to	a	well	or	spring	from	a	one-time	or	temporary	contamination	event	such	as	a	heavy	rainstorm	or	installation	of	a	new	submersible	pump.	Shock	chlorination	can	be	used	to	disinfect	a	well
or	spring	by	introducing	a	high	concentration	of	chlorine	to	the	water	for	a	short	time.	It	is	recommended	to	have	shock	chlorination	done	by	a	well	professional.	More	information	on	this	procedure	is	in	the	article	Shock	Chlorination	of	Wells	and	Springs.	Retest	the	water	for	coliform	bacteria	within	10	to	14	days	and	again	several	months	later.	If	the
follow-up	coliform	bacteria	tests	are	negative,	it	is	likely	that	a	one-time	contamination	event	occurred	that	has	been	successfully	treated.	If	the	bacteria	have	returned,	you	will	need	to	consider	a	continuous	disinfection	treatment	system	such	as	those	described	below.	A	Penn	State	study	found	that	approximately	15	percent	of	wells	with	coliform
bacteria	could	be	treated	by	shock	chlorinating	the	well	and	installing	a	sanitary	well	cap.	This	was	especially	true	for	wells	that	had	small	numbers	of	coliform	bacteria	(fewer	than	10	colonies	per	100	mL).Continuous	Disinfection:	If	shock	chlorination	is	unsuccessful	at	eliminating	coliform	bacteria	from	your	water	supply,	you'll	need	to	consider
buying	a	disinfection	treatment	system	that	continuously	treats	all	of	the	water	entering	the	home.	Many	types	of	disinfection	treatment	systems	using	the	processes	described	below	are	commercially	available.Continuous	Disinfection	MethodsChlorinationMunicipal	water	treatment	plants	throughout	the	United	States	continuously	add	chlorine	to
ensure	that	their	water	is	free	of	bacteria.	Chlorination	treatment	systems	are	basically	composed	of	a	feed	system	that	injects	a	chlorine	solution	(sodium	hypochlorite)	or	dry	powder	(calcium	hypochlorite)	into	the	water	ahead	of	a	storage	tank.	Most	chlorinators	use	positive	displacement	feed	pumps	to	meter	the	chlorine	into	the	water.	Other	units
may	use	suction-type	chlorinators	or	pellet	droppers	to	deliver	the	chlorine.The	raw	water	entering	the	chlorinator	should	be	perfectly	clear	or	free	of	any	suspended	sediment	or	cloudiness	in	order	for	the	chlorine	to	effectively	kill	the	bacteria.	A	sediment	filter	is	routinely	installed	ahead	of	the	chlorinator	to	remove	small	amounts	of	suspended
material.The	chlorine	that	is	injected	into	the	water	is	consumed	as	it	kills	bacteria.	The	chlorine	is	also	consumed	by	impurities	in	water	such	as	iron,	hydrogen	sulfide,	and	organic	materials.	The	amount	of	chlorine	needed	to	kill	bacteria	and	oxidize	all	the	impurities	in	the	water	is	known	as	the	chlorine	demand.	Thus,	the	total	amount	of	chlorine
that	must	be	injected	into	the	water	will	depend	on	the	chlorine	demand	of	the	raw	water.	Other	water	characteristics,	such	as	pH	and	temperature,	will	also	affect	the	amount	of	chlorine	that	must	be	injected	into	the	water.	The	goal	of	continuous	chlorination	is	to	provide	enough	chlorine	to	satisfy	the	chlorine	demand	and	still	allow	for
approximately	0.3	to	0.5	milligrams	per	liter	of	residual	chlorine	in	the	water.	This	residual	chlorine	is	then	available	to	kill	bacteria	that	may	enter	the	water	after	the	chlorinator.The	time	required	for	the	chlorine	to	kill	bacteria	is	known	as	the	contact	time.	The	required	contact	time	will	vary	depending	on	water	characteristics,	but	a	general	rule	is
to	provide	approximately	30	minutes	of	contact	time.	Standard	pressure	tanks	are	usually	not	large	enough	to	provide	sufficient	contact	time,	so	a	larger	intermediate	holding	tank	may	need	to	be	installed.	Sufficient	contact	time	can	also	be	achieved	by	running	the	water	through	a	series	of	coiled	pipes.	Contact	time	requirements	can	be	shortened	by
increasing	the	chlorine	dose	(superchlorination),	but	this	may	require	the	addition	of	a	carbon	filter	to	remove	the	objectionable	chlorine	taste	and	odor.Continuous	chlorination	treatment	systems	require	significant	maintenance.	Chlorinators	must	be	routinely	checked	to	ensure	proper	operation	and	chlorine	supplies	must	be	continually	replenished.
Both	liquid	and	solid	forms	of	chlorine	are	poisonous	and	irritants	that	must	be	handled	according	to	specific	safety	measures.Ultraviolet	LightUltraviolet	(UV)	light	has	become	a	popular	option	for	disinfection	treatment	because	it	does	not	add	any	chemical	to	the	water.	However,	UV	light	units	are	not	recommended	for	water	supplies	where	total
coliform	bacteria	exceed	1,000	colonies	per	100	mL	or	fecal	coliform	bacteria	exceed	100	colonies	per	100	mL.The	unit	consists	of	a	UV	light	bulb	encased	by	a	quartz	glass	sleeve	(Figure	2).	Water	is	irradiated	with	UV	light	as	it	flows	over	the	glass	sleeve.	The	untreated	water	entering	the	unit	must	be	completely	clear	and	free	from	any	suspended
sediment	or	turbidity	to	allow	all	of	the	bacteria	to	be	irradiated	by	the	light.	A	sediment	filter	is	often	installed	ahead	of	the	UV	unit	to	remove	any	sediment	or	organic	matter	before	it	enters	the	unit.	The	quartz	glass	sleeve	must	also	be	kept	free	of	any	film.	Overnight	cleaning	solutions	can	be	used	to	keep	the	glass	sleeve	clean,	or	optional	wipers
can	be	purchased	with	the	unit	to	manually	clean	the	glass.	Water	with	a	high	hardness	(calcium	and	magnesium)	may	also	coat	the	sleeve	with	scale	(a	whitish	deposit	of	hardness),	which	may	require	routine	cleaning	or	addition	of	a	water	softener.	The	unit	also	requires	electricity	and	will	cause	a	small	but	noticeable	increase	in	your	electric	bill
(perhaps	$2	to	$4	per	month).	Figure	2.	A	typical	UV	light	installation	with	a	small	canister	sediment	filter	(bottom)	ahead	of	the	UV	light	unit.The	disadvantage	of	this	system	is	that	it	only	kills	bacteria	inside	the	unit	and	does	not	provide	any	residual	disinfectant	for	bacteria	that	may	survive	or	be	introduced	into	the	plumbing	after	the	UV	light	unit.
Maintenance	requirements	are	minimal	for	UV	units	but	the	light	bulb	will	slowly	lose	intensity	over	time	and	will	require	replacement	about	once	a	year.	Some	units	come	equipped	with	a	UV	light	intensity	sensor	that	can	detect	when	the	bulb	is	not	emitting	sufficient	UV	light.	These	sensors	add	to	the	initial	cost	of	the	unit	but	may	pay	for
themselves	in	increased	bulb	life.Other	OptionsNumerous	other	treatment	processes	can	be	used	to	disinfect	water.	They	are	not	recommended	for	continuous	disinfection	for	a	variety	of	reasons.BoilingBoiling	water	for	about	one	minute	effectively	kills	bacteria.	This	method	is	frequently	used	to	disinfect	water	during	emergencies	or	while	camping.
Boiling	is	time	and	energy-intensive,	however,	and	only	supplies	small	amounts	of	water.	It	is	not	a	long-term	or	continuous	option	for	water	supply	disinfection.OzonationAnother	potential	treatment	that	has	been	explored	is	ozonation.	Like	chlorine,	ozone	is	a	strong	oxidant	that	kills	bacteria,	but	it	is	a	much	more	unstable	gas	that	must	be
generated	on-site	using	electricity.	Once	the	ozone	is	produced,	it	is	injected	into	the	water	where	it	kills	the	bacteria.	Ozonation	units	are	generally	not	recommended	for	disinfection	because	they	are	much	more	costly	than	chlorination	or	UV	light	systems.	They	may	be	useful	where	multiple	water	quality	problems	must	be	treated,	such	as
disinfection	in	combination	with	removal	of	iron	and	manganese.IodinationIodine	has	been	used	in	the	past,	similarly	to	chlorine,	to	continuously	disinfect	water.	Iodination	is	no	longer	considered	a	permanent	disinfection	option	due	to	health	concerns	related	to	long-term	exposure	to	low	levels	of	iodine	residual	in	water.	The	U.S.	Environmental
Protection	Agency	now	recommends	iodination	only	for	short-term	or	emergency	disinfection.	Iodine	tablets	are	a	popular	choice	among	campers	and	hikers	for	water	disinfection.More	InformationFor	more	discussion	on	the	advantages	and	disadvantages	of	treatment	equipment	and	for	guidance	on	equipment	selection,	consult	Tips	for	Buying	Water
Treatment	Equipment.Swistock	BR,	and	Sharpe	WE.	2005.	The	Influence	of	Well	Construction	on	Bacterial	Contamination	of	Private	Water	Wells	in	Pennsylvania.	Journal	of	Environmental	Health	68	(2):	1722.Swistock,	Bryan	R.,	Stephanie	Clemens,	William	E.	Sharpe,	and	Shawn	Rummel.	Water	Quality	and	Management	of	Private	Drinking	Water
Wells	in	Pennsylvania.	Journal	of	Environmental	Health	75,	no.	6	(2013):	6067.Prepared	by	Bryan	R.	Swistock,	extension	associate,	Stephanie	Clemens,	research	assistant,	and	William	Sharpe,	professor	of	forest	hydrology.	Home	Bacteriology	Coliform	bacteria	are	a	group	of	Gram-negative,	aerobic,	and	facultative	anaerobic	rod-shaped	bacteria
containing	the	enzyme	galactosidase	that	is	capable	of	fermenting	lactose-producing	acid	and	gas.	They	are	also	called	Coli-aerogenes	bacteria.	Coliform	Bacteria	WHO	defines	coliform	as	Gram-negative,	rod-shaped	bacteria,	capable	of	growth	in	the	presence	of	bile	salts	or	other	surface-active	agents	with	similar	growth-inhibiting	properties,	and
able	to	ferment	lactose	at	3537C	with	the	production	of	acid,	gas,	and	aldehyde	within	2448	hours.	They	are	also	oxidase-negative,	non-spore-forming	and	display	-galactosidase	activity.	The	group	originally	contained	only	4	genera	of	the	Enterobacteriaceae	family:	only	the	strains	from	genera	Escherichia,	Enterobacter,	Klebsiella,	and	Citrobacter.
Initially,	the	classification	was	based	on	the	morphological	features	and	the	ability	to	ferment	lactose,	so	only	these	4	genera	were	considered	coliforms.	Recently	the	module	for	classification	changes,	and	the	coliform	group	is	now	defined	with	the	ability	to	produce	enzyme	galactosidase	based	on	the	ONPG	(o-Nitrophenyl--galactopyranoside)	test
and	other	molecular	features	and	biochemical	tests	like	IMViC.	Now	there	are	19	genera	in	the	coliform	group,	and	all	of	them	are	members	of	Enterobacteriaceae.	Aeromonas,	which	belong	to	the	family	Aeromonadaceae,	is	also	referred	to	as	a	member	of	the	coliform	group	but	is	not	accepted	widely.	Aeromonas	also	have	the	capacity	to	produce
galactosidase,	and	many	species	ferment	lactose	at	37C	but	are	oxidase-positive;	however,	all	other	coliforms	are	oxidase	negative.	The	following	table	contains	all	the	coliform	bacteria;	Arsenophonus	spp.Budvicia	spp.Buttiauxella	spp.Cedecea	spp.Ewingella	spp.Kluyvera	spp.Leclercia	spp.Moellerella	spp.Pantoea	spp.Rahnella	spp.Trabulsiella
spp.Yokenella	spp.Citrobacter	spp.Enterobacter	spp.Escherichia	spp.Hafnia	spp.Klebsiella	spp.Serratia	spp.Yersinia	spp.Source:	LECLERC	ET	AL.	Annual	Review	of	Microbiology,	55(1),	201-234.**Aeromonas	spp.	are	also	included	in	some	literature.	Among	the	above-listed	genera,	Escherichia,	Klebsiella,	Citrobacter,	and	Enterobacter	cover	over	90%
of	commonly	isolated	genera.	Gram	negative	non-sporing	bacilli	Aerobic	or	facultative	anaerobic	Lactose	fermentation,	along	with	the	production	of	gas	and	acid	at	37C	Possesses	galactosidase	enzyme	All	are	oxidase	negative	(excluding	Aeromonas	from	the	group).	Coliforms	are	ubiquitous	in	nature	and	are	cosmopolitan	in	habitat.	They	are
commonly	found	in	soil,	water,	decaying	vegetation,	and	in/on	the	body	of	living	organisms	(insects,	mollusks,	vertebrates,	plants)	as	commensals	or	pathogens.	They	are	major	genera	in	the	gastrointestinal	tract	of	warm-blooded	animals;	hence	they	are	mostly	isolated	from	fecal	matter.	In	humans,	they	are	mainly	found	in	the	GI	tract.	E.	coli,
Klebsiella,	Citrobacter,	Enterobacter,	Hafnia,	Serratia,	and	Yersinia	species	are	found	abundantly	in	the	GI	tract	of	vertebrates.	The	coliform	group	is	sub-divided	into	3	groups,	namely,	(i)	Total	Coliform,	(ii)	Fecal	Coliform,	and	(iii)	E.	coli	TC	includes	all	the	19	genera;	the	genera	that	are	found	in	the	free	environment	like	in	soil,	water,	decaying
vegetation,	plant	surfaces,	etc.,	and	the	genera	that	are	found	in	the	GI	tract	of	warm-blooded	animals.	This	group	mainly	contains	species	that	are	non-pathogenic	(some	are	opportunistic)	to	humans.	They	usually	contain	strains	that	are	mesophilic	in	nature	and	hardly	tolerate	bile	salts	and	temperatures	of	44C.	Their	presence	in	water	or	any	other
edibles	indicates	contamination	from	any	environmental	sources	or	fecal	matter,	but	not	necessarily	the	fecal	matter.	However,	their	presence	in	any	edibles	indicates	the	risk	of	contamination	from	probable	pathogens.	Fecal	coliform	is	another	sub-group	of	coliform	or	TC,	which	includes	coliform	genera	that	are	found	specifically	in	the	GI	tract	and
fecal	matters	of	warm-blooded	animals,	including	humans.	They	are	now	called	thermotolerant	coliforms	because	they	can	thrive	well	and	ferment	lactose	at	around	440C.	Their	specific	character	is	the	ability	to	tolerate	bile	salts	and	other	similar	surface	agents	and	ferment	lactose,	releasing	acid	and	gas	at	about	44C.	Their	presence	in	water	or
other	edibles	indicates	contamination	with	the	fecal	matter	of	humans	or	other	warm-blooded	animals.	Their	presence	does	not	guarantee	the	presence	of	pathogens	in	the	edibles	but	indicates	a	higher	potential	for	the	presence	of	pathogens.	FC	contains	genera	Escherichia	which	originates	from	feces;	however,	there	are	other	genera	like	Klebsiella,
Enterobacter,	and	Citrobacter,	which	not	necessarily	are	found	in	feces.	Hence,	it	is	now	called	thermotolerant	coliform.	E.	coli	is	a	sub-group	of	thermotolerant	coliform,	including	strains	of	E.	coli	bacteria	only.	It	is	the	major	coliform	species	that	are	widely	isolated	from	water	and	other	edibles.	E.	coli	is	generally	found	in	the	GI	tract	and	fecal
matters	of	warm-blooded	animals;	hence	their	presence	strongly	indicates	fecal	contamination.	Several	strains	of	E.	coli	are	pathogenic,	and	their	presence	strongly	suggests	a	higher	probability	of	the	presence	of	the	pathogens.	Figure:	Scheme	of	Sub-grouping	of	Coliform	Bacteria	Coliforms	are	referred	to	as	indicator	organisms	and	are	routinely
used	to	indicate	the	microbiological	quality	of	water,	and	also	in	dairy	products,	and	other	beverages.	Coliforms	are	easy	to	isolate,	purify	and	identify,	and	their	presence	is	often	associated	with	other	potential	pathogens;	hence	they	are	used	as	an	indicator	organism	in	water.	Fecal	coliforms,	together	with	other	fecal	bacteria,	are	used	as	the	major
indicator	organisms.	Their	presence	indicates	fecal	contamination.	E.	coli	is	the	most	important	coliform	as	an	indicator	organism.	The	presence	of	E.	coli	is	very	serious	than	the	presence	of	other	fecal	coliforms.	Most	strains	of	E.	coli	are	non-pathogenic,	but	there	are	pathogenic	strains	like	E.	coli	O157:H7.	According	to	the	guidelines	of	WHO,	there
must	NOT	be	any	detectable	E.	coli	or	other	thermotolerant	coliforms	in	water	intended	for	drinking	or	distribution	in	the	community	water	supply	system.	Most	of	the	species	in	the	coliform	group	are	non-pathogenic	to	humans.	Some	species	of	genera	like	Escherichia,	Klebsiella,	Citrobacter,	Enterobacter,	Hafnia,	Serratia,	and	Yersinia	are
pathogenic	to	humans	causing	several	gastrointestinal	infections,	UTIs,	septicemia,	bacteremia,	or	other	systemic	infections.	The	most	common	infection	is	a	gastrointestinal	disorder	like	diarrhea.	E.	coli,	and	Klebsiella	are	the	most	common	pathogens	in	this	group.	Several	species	of	coliforms	are	found	responsible	for	the	spoilage	of	perishable	foods
with	high	moisture	content	like	milk	and	dairy	products,	fruit	juices,	vegetables,	and	fruits.	They	are	also	responsible	for	the	spoilage	of	meat	and	unprocessed	meat	products.	They	usually	contaminate	the	food	from	water	and	food	handlers	or	are	also	already	present	in	the	source	animals.	They	start	producing	acid	and	gas,	giving	off	an	odor,
sliminess,	and	change	in	texture.	E.	coli,	Yersinia	spp.,	Klebsiella	spp.,	Serratia	spp.,	Kluyvera	spp.,	Pantoea	spp.	are	commonly	associated	with	spoilage.	Contaminated	water	is	the	main	source	of	coliform	bacteria.	From	the	contaminated	water,	they	are	disseminated	to	foodstuffs	and	infect	the	human	hosts.	Mainly	warm-blooded	animals	are	the
reservoir	of	fecal	coliforms.	Feces	of	human	and	other	vertebrates	are	major	reservoir	that	usually	contaminates	water	bodies.	Besides,	soil,	vegetation,	and	decaying	matters	are	the	reservoir	of	total	coliforms.	It	is	mandatory	to	detect	coliform	bacteria,	especially	thermotolerant	coliforms,	in	drinking	water;	both	processed	and	packed,	as	well	as
drinking	water	for	distribution	in	the	community	via	pipeline.	Coliforms	can	be	detected	by	the	following	methods:	It	is	the	most	common	and	simple	method	used	to	isolate	the	coliforms	from	the	water	sample.	It	can	detect	the	presence	of	total	coliforms,	but	it	confirms	the	presence	of	E.	coli	only	directly.	For	confirming	other	coliform	species,	it
must	be	followed	by	a	series	of	biochemical	tests.	In	this	method,	water	is	filtered	through	a	membrane	filter,	usually	a	nitrocellulose	filter	paper	with	0.45m	pore	sizes,	and	the	filter	paper	is	placed	over	a	solidified	culture	media	and	incubated	at	370C	for	up	to	24-48	hours	and	observed	for	the	growth	of	microorganisms.	The	most	common	media
used	in	this	process	are	M-endo	Agar,	EMB	(Eosin	Methylene	Blue)	Agar,	and	VRBA	(Violet	Red	Bile	Agar)	Medium.	These	mediums	are	preferred	because	they	are	selective	for	Gram-negative	and	are	indicator	mediums	for	E.	coli	and	lactose	fermenters.	It	is	another	commonly	used	technique	for	the	detection	of	total	coliform	contamination	of	water.
It	is	a	more	complex	and	laborious	process	of	coliform	detection	than	membrane	filtration.	However,	it	gives	an	approximate	count	of	viable	bacteria	and	can	detect	any	type	of	coliform	genera	and	other	non-coliform	bacteria	too.	In	this	method,	sample	water	is	analyzed	in	three	different	steps;	(i)	presumptive	test,	(ii)	confirmatory	test,	and	(iii)
completed	the	test.	The	presumptive	test	is	the	primary	screening	step	where	only	the	presence	or	absence	of	acid	and	gas-producing	lactose	fermenter	bacteria	is	studied.	The	approximate	load	of	bacteria	is	also	counted	in	this	step.	In	the	confirmatory	test,	it	is	confirmed	that	the	lactose	fermenter	identified	in	the	presumptive	test	is	coliform
bacteria	because	other	non-coliform	bacteria	can	also	ferment	the	lactose-producing	acid	and	gas.	Finally,	in	the	completed	test,	the	result	of	the	confirmatory	test	is	once	again	verified	and	the	presence	or	absence	of	E.	coli	is	confirmed.	If	the	coliform	is	other	than	E.	coli,	it	needs	further	biochemical	tests	for	identification.	In	this	method,	lactose
broth	(single	and	double	strength),	brilliant	green	lactose	broth	(BGLB)	medium,	indole	medium	(tryptone	water),	EMB	agar	or	M-endo	agar,	and	Nutrient	Agar	(NA)	are	mostly	used.	Its	main	drawback	is	the	requirement	of	a	longer	time	period,	different	media	and	instruments,	process	complexity,	and	the	need	for	further	tests	for	the	detection	of
genera.	A	sample	is	inoculated	in	selective	and	indicator	media	like	VRBA,	EMB,	MacConkey	agar,	Lactose	broth,	M-endo	agar,	Coliform	agar,	chromogenic	coliform	agar,	etc.	are	used	for	detection	of	coliform,	especially	E.	coli.	It	is	one	of	the	most	advanced	and	accurate	methods	for	detection	and	confirmation	of	coliform	up	to	the	level	of
subspecies,	serovars,	and	sub-strains.	The	DNA	or	RNA	of	isolated	bacteria	is	analyzed	to	confirm	their	identification.	The	galactosidase	coding	gene	is	the	key	used	to	identify	coliform	by	PCR	method.	FISH	is	a	new	molecular	technique	that	is	being	used	to	detect	several	species	of	coliforms,	including	E.	coli,	Klebsiella,	Enterobacter,	and
Citrobacter.	FISH	uses	specific	oligonucleotide	probes	for	the	detection	of	complementary	sequences	in	16S	rRNA	of	coliform.	This	method	is	very	quick	and	more	efficient	than	any	other	available	method	of	coliform	detection.	However,	it	is	expensive	and	requires	fluorophore,	fluorescent	microscope,	and	other	complex	and	expensive	instruments,
processes,	and	expert	microbiologists.	Several	commercial	kits	are	available	for	the	detection	of	coliforms	in	drinking	water.	These	kits	are	based	on	the	principle	that	coliforms	will	ferment	lactose,	releasing	acid	and	gas.	Can	be	used	as	indicator	organismsPotential	pathogens	The	most	common	contaminants	of	water	and	foods	Can	cause	spoilage	of
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