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Abstract

Escherichia co li bacteria isolated from the stool of

normal, healthy individuals, a variety of other warm

bloodied animals, and from the environment, were

characterized according to a hemagglutination  HA! sequence

and by electrophoresis of surface components. The hemagglu-

tination method was rapid, inexpensive, and amendable to the

ana lys i s of many i so lates. A to ta 1 of 1280 iso lates were

ana l yzed hy HA. The data revealed that F. col i strains

< xhibi ted a f ini te number �0 of 243! of HA combinat ions,

but that isolates from di f ferent animal s and environmental

samples commonly produced the same HA pa t tern. The

conc lus ion was that a snore speci f i c HA procedure, con-

si st ing of addi t iona l blood types, and analysis of

non- f inbr i ae assoc i ated HA, needed ver i f i cat i on. Techniques

used Lo i so lat e and pur i f y pi i i were conducted on 112

iso I at «s. The L ime required for bac ter i a l growth and pi l i

extract ion were iengt hy; only 4 isolates could be examined

per week. Pi l i di ges ts, separ ated by SDS-PAGE electro-

phores i s, deinons t rated that i so lates di f fered according to

the number and Lhe mo iecu lar we i ght of ge l bands. Many

prote in bands outs i de the. Mhf of pi i i were observed, indica-

t ing that the extract ion procedure accumulated other conta-

minating surface proteins. As predicted by the HA method,



pi I i ana lysi s wi l l require a more detai led procedure to be

able to di f ferent i ate between indi v i dual i so lates.



Introduction

The term "fecal coliform"  FC! describes a subpopu la-

tion of Gram negative rods capable of growth in certain se I-

ective media, and at a temperature slightly higher �4.5!

than body temperature. As a standard microbiological pro-

cedure, the fecal coliform test has been employed in a

variety of ways and is often used to gauge the degree to

which a sample is contaminated with human sewage or the

excreta nf other warm bloodied animals.

ln this report, we do no take issue with the value of

the test. Its stringent. requirements have a proven history

of public protection, and for this reason alone the test

should be continued. However, as environmental sampling has

increased in complexity and scope, the value of the test has

been questioned. The test is often used to make delicate

environmental distinctions, a task it was not designed to

do. This ambiguity is perhaps best exemplified in numerous

a'nalyses of wastewater for enteric viruses; the fecal coli-

form index has never been shown to be abte to indicate the

presence of infer tious virus in contaminated natural

samples.

It is the specificity of the test which causes the

greatest problems. The fact that the FC method represents

more than one bacterial organism and is not able to distin-



guish the ultimate source of wastewater pollution is a sig-

nificant drawback. A need for increased test specificity is

obvious in many recent and current investigations. As a

first step, several investigators are examining specific

ways of detecting Fscherichia cali in contaminated samples.

In Texas, for example, Randell Nichelson is testing four

procedures to quantitate F. coli in oyster tissue. Cameron

Hackney and Marilyn Kilgen in Louisiana have found that when

fecal coliform numbers rise in oysters during s'hipment, this

does not imply a concomitant rise in the numbers of E. co li

in the samples. Fred Howell and R.O. F llender  Mississippi!

have shown that fecal co liforms in storm drain waters flow-

ing into the Mississippi Sound are not associated with human

sewage pollution, but rather with surface runoff duriing

periods of heavy rainfall. The persistence of these

bacteria in coastal waters appears to result from a com-

bination of factors including the lack of a flushing tidal

pf feet, sha 1 low depth, water temperature, low sa 1 in i ty, and

orgalli c content of the water . They have proposed that the

leve 1 s of I=. co 1 i in s tormen dra in waters may be a mor e appro

pr iate indicator of the natur e of the problem.

I t was the lat ter st udy which prompted the test ing des

cr ibad in thi s repor t. The two and a ha 1 f year storm drain

study iised the FC standard procedure to attempt to specify

the ultimate bacterial source in a closed watershed.



Addi t iona I test speci f i ci ty was cons i dered necessary to

clar i fy the sources of FC contaminat ion which contributed to

the po l 1 ut ion levels obser ved.



Objectives

The original proposal described the use of pili pro-

files of fecal coliform isolates as a potential mechanism to

designate a source of wastewater pollution. During the

early investigations, a second method, hemagqlutination

 HA!, was discussed with the Sea Grant authority, and

included in the research phase. Hemagglutination was found

to be a rapid and inexpensive means to characterize

individual isolates; electrophoresis of pili proteins was

also specific but was more expensive and time consuming.

The pros and cons of each method are discussed in later

sections.

Specific Objectives

To isolate fecal coliforms directly from the stool of

humans and other anima 1 s and f ind a mechanism to rapidly

designate an isolate as an E. col i.

To characterize F. coli isolates according to patterns

of HA and purified pili analysis.

To determine if the characteristics of E. coli iso lated

from the same human or animal  or environmental sample!

would vary temporaly and spatially.

To determine whether isolates collected according to

the three standard methods of FC analysis share common

characteristics.



Approach

l. Isolation of Fecal Col i forms

a. Fecal Samples: Samples were col lected us ing ster i le

cot ton swabs and in a manner which minimized environmental

contaminat ion. Samp les were rap i dly trans f err ed to LTB

broth and incubated at 35 C. Gas f i l led Durham tubes at 24

hr were cons i dered pos i t i ve and a poi t ion of the culture was

transferred via a ster i le wooden appl icator st ick to a tube

of EC broth. After 24 hr at 44.5 C, growth from pos i t i ve

tubes was transferred to 4-6 MacConkey agar plates. Indi-

vidual co lonies, typical of lactose  +! bacter i a, were ino-

culated into 1% tryptone broth, and fo l lowing 24 hr incuba-

t ion at $5 C, were tested for the indo le product i on.

Thi s procedure i s a var i at. ion of the method descr i bed

in the or i gina l pr oposal . We found the modi f i ed method to

be efficient, inexpensive, and capable of designating an

isolate as an E. col i 95% of the t ime.

We could not isolate F. col i from cer tain humans; one

chi Id and one male adul t were found to cons is tent ly yie ld

Klebsiel la sp. Other animal s from which no E. col i could be

isolated included dogs, rabbits and fish. This pattern per-

si s ted over several isolation at tempts.

The i so I at ion of E. col i from animal feces was of ten

hampered by env ironmenta I contaminat ion. In these



ins tances, large number s of MacConkey co loni es were tested

to insure a minimum of 20 t:. col i cu1 tures for test ing.

Cer tain animals, name ly f i sh and oys ters, were sacr i-

ficed to col lect the fecal material and preculded replicate

sample col lect ion.

b. Fnv ironmenta1 Samples: Grab samples were co 1 lected

and processed as descr ibed above. Fnterobacter and

Kl ebs i e 1 1 a sp.   indo 1 e nega t i ve ! were r-ommon1 y encountered

requiring the testing of up ta 100 MacConkey isolates to

find the required 20 specimens.

Z. Storage of isolates:

Sample isolates were grown on fresh agar and colonies

picked into a drop of fetal bovine serum containing 10%

dimethy lsu lfox i de . The turbid mixture  approximately 0. 1

ml! was drawn into sterile capillary tubes which were sealed

by heat. Capillary tubes were placed in a 4 inch section of

freezer tape and covered with a similar piece of tape. The

tape was marked to designate the sample and stored at -70 C

in an envelope.

Analysis of isolates:

isolates to be subjected to HA or pili analysis were

removed frown the freezer and thawed rap i dly. Cultures wer e

trans f err ed to CTA medi um and grown at 35 C for 24 hr.

a. Hemagglutination. Bloods  red blood cells, rbc! to

be used in this portion of the study were purchased  F low



Laboratories, Rockv i 1 le, Md. ! di 1 uted in Al sever ' s solut ion.

Lots of Af r i can Green Monkey, Human type 0, Bov ine, Adu 1 t

Chicken and Guinea Pig rbc's wer e requested when a suff i-

cient number of bacteria were ready for analysis, usual ly

150-200. Ce1 1 s for HA ana 1ys i s were mixed as fo 1 1ows pr i or

to isolate analysis: 1.8 ml of blood was drawn from each

vial and mixed with 0.2 ml of a 3.8% citric acid solution

prepared in distilled water; 1.0 ml each of the bloods was

removed and placed into 5 tubes containing 4 ml of sterile

PBS and a second group of 5 tubes containing 4 ml of PBS

and 196 D-mannose. Red blood cells were used within the two

week expiration period. It is assumed that these cells were

not from the same animal  probably pools of rbc from several

animals! and represent species specific rather than

individual reactions. The presence of hemagglutination was

indicated by rbc clumping in a two minute period at ambient

temperature. Glass slides, used to perform HA testing,

were washed in a lysol solution, 70% ethanol and distilled

water, and dried prior to reuse. The collected data was

compressed as shown in Figure 1.

b. Pi!i purification

isolates were thawed and grown on CFA agar   1% casamina

acids, 0. 15% yeast extract, 0.0596 MgSQ>, 2% Agar, pH 7. 4 !

plates overnight at 35 C. The growth from these plates was



0 r m
VVVVVWV
e V C WmVOWm~~WWWmCDWCDM

+ + + I I + + + I I t t + I + + t I

+ + I I + + + I I t + + I I + + I +

I + + I I + + + I I + + t I I + + I +

+ Pl
+ t + + + + t + t t t t t t + + + + +  j

t t t I I + t + I I + t t I I + + I + +

I I + I I II + + I I I I I I I + + I

I + + I I t + I I I + + + I I + + I +

I + t I I + t t I I + + + I I + t I +

t + + + t +t + + t t + + + + + + t +

I I + + I



suspended in sterile PBS and the suspension used as inocu lum

for 1G, .1000 cm stain less steel pans containing CFA agar.2

The inocu lurn was spread over the ent i re sur f ace of the agar

using a ster i le L-shaped glass rod. Incubation was at 35 C

for 16-1B hr. Bacterial growth was scraped from the sur face

of the agar us inq the edge of a glass s l I de, and suspended

in a minimum vo lume of ice co l d Tr i s  hydroxymethy l

aminomethane hydrochlor ide, pH 7.8! buf fer. The slurry was

homogeni zed in a coo led War ing blender for 5 minutes, then

cent r i f uqed at 10,000 x q for 30 min. The supernatant was

removed and dialyzed against several changes of sodium

acetate buffer  pH 4.2! usinq a minimum of 10: 1, buffer to

sample votume. Dialysis was performed at 4 C, and the

buffer was magnetically stirred during this period. When

dialysis was complete  usually at least 24 hr!, the sample

was removed from the tubing and centrifuged at B,000 x g for

10 min. The supernatant was decanted and the pellet

resuspended in Tris buffer  pH 7.B!. Saturated ammonium

sulfate was added to the precipitate, and the pili proteins

collected by centrifuagation at 6,000 x g for 15 min. The

supernatant was removed and the pellet resuspended in a

small amount of Tris buffer, stored in small plastic vials,

and frozen at -70 C for electrophoresis.

c. Control extractions:

To insure that no proteins in the CFA aqar would con-



11

taminant pi 1 i extracts, the agar used for bacterial growth

was sub j ected to the steps descr ibed in par t b.

d. Flectron microscopy:

Approximately seven pili extracts were examined by

electron microscopy. Preparations contained hairlike fi la-

ments  Figure 3! characteristic of pili, although there

appeared to be differences between preparations in the

amount of pili protein found in a sainple. One concentrate

did not contain visible pili.

e. Flectrophoresis:

A l:2 dilutian of a pili protein concentrate was pre-

pared with buffer and the mixture heated at l00 C for 15

min. The solution was chilled, and l0 u 1 of brompheno 1 blue

and 10 u 1 of 2-mercaptoethano 1 were added to 250 u 1 of the

diluted sample. The mixture was either used immediately or

stored at -70 C for later analysis. From the frozen condi-

tion, the mixture was briefly heated at 100 C to insure that

all proteins were dissolved.

Protein separations were conducted using LKB

instrumentation and reagents  see Appendix!. Type 1 water

 reverse osmosis purified! was used to prepare all reagents.

Slab ge 1 s of 5% po1yacry 1ami de wi th 20 and l0 ul we 1 1 s

were used. A minimum of 2 we 1 1 s were used for each samp le.

Mo lecu lar we i ght marker s were al so separ ated wi th each ge 1

 range 12, $00-78,000!. Slabs for SDS Page analysis were
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made 12 brs before use. Prepar at i on of the ge 1 s invo 1 ved

the mixing of proper quant i t ies of phosphate buf fer, aery la-

mi de so 1ut ion  containing aery 1ami de and Bi s !, arrmonium per-

su1 fate and Temed  catalysts !. The so lut i on, wi th the ex-

cept ion of cata 1ys t, was mi xed in a vacuum f l ask and evacua-

ted to remove ai r which retards polymerization. The cataly-

sts were added, and the mi x ture used immedi ate 1 y to f i 11 the

moulding set. Polymer izat ion occurred wi thin 40 min. In an

actual run, the Mu ltiphor unit was filled with buffer

�.2L!, the gel laid onto the cool ing plate and wicks

app I i ed on each s i de of the ge 1, over lapping by 10-12 nm.

For best results, wicks had to be parel lel. Ice water was

f lowed through the coo 1 ing plate to avoid overheating of the

ge1 during a run. The ant icondensat ion li d was put in place

and a pre-electrophoresis run was conducted at 150 mA for

30 min. This step removed any protein or impurities on the

slab. The samples, containing bromphenol blue as tracking

dye, were applied quickly to avoid diffusion. The power was

set at 20 mA for 10 min to concentrate all proteins at the

anode side of the well. The current was increased to 200 mA

 constant current! for the remainder of the run  about 4

hr !. The ge 1 s were immedi ate ly placed i n f i x i ng so 1 ut i on �

hr ! then stained for 2 hr. Des taining was per formed unt i!

the gel background was clear. This required several changes

of destaining solution over a period of a day or two. Gels



were preserved far 1 hr, wrapped in cellophane sheets and

pressed until dry. Figure 2 shows the type of results

obtained from electrophoresis of samples.

The molecular weight of each ban was calculated from a

standard curve prepared by plot t ing the relat i ve movement of

the MN' markers against the 0 9jp lAUof each marker



Fiqure 2. H.epresentative electrophoretic patterns

Gal 35: lanes ahab marker; lanes c-l, horse /tl isolates;
lanes iv-t, fish iso lates

~~el 28. lanes ahb marker; lanes c- l, cow f/2 isolates;
lanes m-t, horse $/ 3 isolates



Fiaure 3. Bur i f ied pi I i preparat ion, x w70!�.
Indi v I due I ha i r- I ike, ho I low structures
represent pi I i f i lament s pr i or to SIDS
diqestion.
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Re su I t s

1. Wemagglutination:

Tab le 1 surrmar i zes the resu l ts of seven humans samp led

on three separ ate dates. Other humans are inc luded in later

surrrnary tab les, bu t i t was di f f i cu l t to obta in rep 1 i cate

samp l es f rom them. The HA comb inat i ons shown for each date

indicate the patterns which exhibited the greatest dominance

followed by the percentage of that combination of the 20

isolates examined. Fach combination  for ex. RIESS!

represents the surrmary of one or- more bacteria producting a

specific set of HA reactions. For example, the 20 E:. coli

taken from Human /Il   10-11-82! produced the following group

o f comb ina t i ons: NA+fvt   50 !, RlvbRS   30 !, SOBS �5 !, and

RMSRS �! . In other words, 10 of the i so l ates produced a

comb inat ion o f Rut/Ffvl, 6 produced a comb inat Ion of RIVERS, and

so on.

There i s a great amount of di spar I ty in the resul ts,

even between samples taken from the same human on two con-

secutive days. However, there are also data from certain

humans  i.e. /P8! which show that a particular combination is

found consistently, even in samples taken several months

apart. These results suggest that factors such as diet,

physiological conditions such as gastric acidity or degree

of peristalsis can stimulate changes in the HA reactions



Table 1, paqe l: HU'vIAN HA CDvlBINATIQNS
-BY DATt=-

HUvAN 1. 9-20-82

9-21-82

10-11-82

HLIVAN 3: 10-19- 82 fRSfvfSS �5 ! RVfv'SS   35 !  ~ S �! ~S   5!

5- 31:- 83 IC+VRR   85 ! lkvfvRfk   15 !

6-26-82 AvtvfSS   70! RS!ASS   15 ! RSVS vl �! RIWS vl �!
RIESS   5!

HUMAN 4: 6- 2H - 83 SSvlSS   100 !

7-29-83 SSVSS  80! tWSvlSS �5 ! S,vtvtSS �!

8-09-83 SIYMSS �5 ! SSVS'S �5! ~SS �0!

HUMAN 6: 5 31 83 f4vlv%<  95! S;vfvRR �!

7 � i! -85 MvlvlvM �00!

7-18-83 fvfv~ �5 ! S!ULNAS �0 ! SSivfSS   5!

HUMAN 7: 7-13-83

9-l4-83

11-29-83

fMvlSS   30 ! RtvHSS   30 ! RS!VISS   25 ! RSRSS   5!
R Cvh%. �! SS.VSS � !

HlvHHS �5 ! Htvtv&fvl �0 ! Htv&HM �0! ~S �0!
RMv!SS   5 ! SivtvfSS   5 ! S!VRRVi   5 ! S!VRSS   5 !
SIAM   5 !

HtvtvFWA   50 ! f MOORS   30 ! SMvRS �5 ! RfvfSRS �!

fvfvtviS S   4 5 ! MvfvMS   20 ! fvtvtvtSIVI   20 ! S4fvlS S   10 !
tvtStvfS S   5 !

SfvMSS   65 ! ~SS   20 ! fvfvfvfSS   10 ! SSl'vfSS   5 !

SIVlvlSS   55 ! SSMSS   25 ! MvMS5   20 ! MvMVM   5 !
SStvfSfvf �! S~S �! ~IS �!



T ab I e 1, pate 2: HUVAN HA ~BINAT IONS
-BY OATt:-

H~N B.' 7-05-83 t<4Vtvtvl   85 ! VR~   ll! ! SRVtVtvl   5 !
10-04-83 144~   85 ! SSivlSS   10 ! fvRvMvl   5 !

11- 21-83 t44vfvM   90 ! S,<vtvM �0 !

~S   10 ! MSivlRvl   l0 !
MvMSM �! SSvHS �!

iCSvlSS �5 !
SivtviSS   10 !

H hhQN 1 0: 7 - 1 3 - 8 0

t'4%'vtvR   2 5 !
lvtvtvMZ �!

RRMSik �0! RIESS �5!
RRMSivl   5 !

9-14-8$

1I. -29-8 3

  �!
fvMvlSS   10 !
VS~SS  »

ICWvtvtvl �5!
lwemnS �!

fvfkvMvl   55 !
MS~ �!

hkArtvtvl   15 ! SiMVM   15 ! AkvfvM   10 !



types found in individual samples.

Table 2 is a surrmary of all data collected from humans.

Examination of the results shows that certain combinations

are more frequent!y encountered, but not to such an extent

that any one combination could be desiignated as truly

dominant. The five combinatiions which represent 50% or more

of all isolates demonstrate the diverse nature of HA

responses. This variation and the degree to which the data

must be examined is exemplified in the status of combination

RRfvMvl, This combiination was found in 54 of 420 isolates

  1396!, and was the combination most often found in human

isolates. A close inspection of the data, however,

demonstrates that this combination was associated with 52

isolates taken from human IIB and 2 isolates fram human $/10.

By contrast, the two combinations following RRhffv1 in

prevalence lMvMvM and SSMSS! were found ln several humana lS

humans  �' s 6,7,10! ! and 5 humans   fI' s 1,4,6,7, B ! !,

respecti ve ly!.

HA combinat i ons represent ing 3 tempor a l and spaci a l

ti ials were also col lected for two cats, one horse, one dog

and two cows  Tab le 3!. The comb inat i ons observed on a

cer ta i n date were not usually consistent wi th those co l l ec-

ted on a separate da t e. For examp le, cat I/1 re ta i ned on ly

one of 5 combinat ions observed on two samp 1 ing dates 7 days

apar t �-05-83, 7-12-83!. However, six months later, a
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Tqb I e 3, paqe 1:

HA CL'!v01NAT IQNS - 3 IR I AES / A!'4JIVAL-

RIe,SS �0! RSvSS �~! WrMSS  S! S WSS  S!
SIe<55   5 !

l1-21 -B3

CAT 2 I<-05- B3 SS vlSR   7II ! S ~ISS   10 ! SSviSS   10 ! SSivIS V!   5!
 VlvtvI'vol   S !

8 - 1 5 - 8 5 5 5iv8 5   6 0 ! SivMS'.1   50 !  vMv.S 5   5 ! MvMvM   5 !

9 0l 83 ~vl �0! Ivh/MS,"VI   30! MYIvMvl   20!

KHSS 1 9-20-82 MvMSM �0! MvMvM �5! MvMSS �!

9-21-82 '.vMVMvl � ~ ! SSV SS � l! SMv VM �0!

11-14-H2 MvlvSIvi   30 ! iVMMSS   25 ! IvIvtvIvfvI   20 ! ~S �5 !
SUMS S   10 !

CAT l 7-05- H3 SS vlSS   45 ! RSVISS    ! Rtvtv!SS   10 ! S!vs5 �0 !

7- l 2 - B3 l<4'vISS   75 ! R�>Si<   10 ! RS'v SS   l0 ! SRviSS   5 !



Table 3, page 2;
ldA COSH 1iMAT li!NS - 3 TR1ALS   A N IMAL

-RY DATt.-

IXX, 1 9-2�-82 MvMNM �110!

7-24-83 SSvlSS �00!

8 - 2 8 - 8 1 MvMvM   70 ! 8 8 v!S S   70 !

COW 1 7-24-83 SSvt55   70 ! ~vtvl �0! SlvMS vl �0 ! SSvRS �!
SMvMS   ! !

8-27-83 lvtvlRSS   70 !,"vhNMS �0 ! MVRSV �0 !

8- 28-83 l
tvRSS   65 ! MvRMS   20 ! lvtvRSivl �5 !

CDW 2 11 14-82 lvtvtVtvtvl  95 ! M/MSlVl   2 !

7-24-83 SSvlSS  90! SSSSle �0!

8-14-83 55vlSS �D ! SlvlvlSS �0 !
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sample from the same animal contained four combinations that
had been observed ear!i er. Cat $/1 conta i ned a total of 7

separate comb inat ions  al 1 dates !; cat /j2 contained a total
of 8 separate combinat ions  al 1 dates!. Of the 15 combina-

t ions, 13 di d not match  86%!, represent ing only a 14%

agreement between the two animals.

A total of seven di f ferent combinat ions were found for

E. col i i so lated from horse /fl on three tr i a l dates.

Samples taken one day apar t contained only one i dent ical
ccmb i n s t i on  IvMvtvM! . Whether the s e r e s u 1 t ~ rap r e s en t d i s-

tinct di f ferences in E. col i isolates or di f ferences in the

HA procedure are not clear at this time.

On occasion, certain samples yielded only one HA

pattern  dcg Ill; Table 3!. Alt bacteria tested gave a MvtvMvl
pattern on the f irst date of samp1 ing, but a modi f ied pro-
f i le  SSit4SS ! was obser ved nine months later. One month

af ter the second samp le, a thir d samp le y i e 1 ded a popu lat ion

with a mixture of the previous 2 patterns.

The above results demonstrate that certain animals

display similar HA variation expressed earlier for humans,

and produce many of the same HA patterns. There are sig-
nificant HA differences between temporal and spacial res-

ponses that occur in the same animal, and together with the
results obtained from humans, they appear to preclude the

use of this HA methodology as a means of species different-
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containing few or no E. col i. The watt r samples collected

were 1 ikewi se di f f i cu1 t to ana 1yze due to high leva 1 s of

in the media employed. Several combina-non-F. coll qrowth

tions, ff.e. IvMvlvM, RMvRR, SSMSS, MvMSM end others! found in

the hiqher animals, were also noted in the animals included

in Tab le 3, page 3. Cer ta in comb inat i ons  SSSSS and RPRRR!

found in thi s group ing of anima is, were not found in any of

the other samp les tes ted, or were assoc i ated wi th only one

addi t ional species.

i at ion wi thin env ironmen ta 1 samp les.

Table 4 sunmarizes ail HA combinations from all

animals. The first two pages af the table contain the

results discussed previously and include the data obtained

from animals from which only one, or perhaps 2 samples could

be obtained  human 9, horse l, horse 3, horse 4, dogs ZM,

and cat 1!. These data also appear to contain inter- and

intraspecies variation and on occasion, for example from

horse //l, yield HA patterns not found in other animals.

The third paqe of Table 4 surrmarizes the results

obtained from other animals and environmental samples.

These animals were difficult to sample  with the exception

of the goat!, and rertain of the animals had to be sacri-

ficed to obtain a suitable fecal sample. A significant

amount of backqround contamination was found in these

samp les, resu 1 t ing in the el iminat ion of many samp les



Tab I e 4, paqe I '.

SLIIvtvtA'RY

ALL AN I IvlALS - ALL CCMB I NAT I ONS

TI=lvV~AL

I&I L ICATCAN I MAL:

~SS  SU! loess   >Ij !
I C S Mls S!   2 5 !
HvRi<S �5 !

�0!
HLMAN 1

<'llvISs!   55 ! IRMvlSS   55 !
RllvIRIR   85 ! RvlvRR �5 !
RivMSS �U!

HLlvtAN 3

SSMSS   100!
SS vISS   80 !
sivtISS   65 ! SslMSS   25 !

HLgvlAN

 95 !
t~ �00!
MvtvMVi   S 5 !

HLlvAN 6

IvtvÃSS �5 ! ~S   20 !
MASM �U!
S vMSS �5 ! RMvlss �0!
Svlvlss   '$5 ! SSMSS   25 !
IvMvlSS  ZO!

 85!
Hl~m  85!
IWVtvM   90 !

H0'vtAN 9 SRvlvM   1Ij 0 !
SS 'vis S   75 ! SMvlS S   25 !

iVMMMM   5 ! ! RSMSS �5 !
le «~   25 ! RI~   25 !
M<vMvl   55 ! lvtvlvtvM   15 !

HLJvtAN 1 0

CX JvIH I NAT I OVS lXMI NANT CCMB I NAT I QNS   S !



TE.ivlR3eAL

IeCt L lcATE

S~Tes   B o !

meSC 2

mesc 4

IX& 2

CAT 1

CAT 2

AN IIvtAL

mesc 1

Tab le 4, page 2:

Su~eV

ALL AN1lvIALS - ALL  %MB 1iNAT I QNS CX3NT1 NULLI!

/j Cl3vIH1NAT 10'4S LKM1NANT CUv81NAT1QNS   S !

~Sv �O! ~~vlvln �5!
Ivlvtvtvlvl   7O !
Mvmps;v  >0! tvhMSS �5!
Mvtt'Ivy   20 !

ivMvtvM �0! MvMMS �0!
SSVSS   75 ! S!~isS   25 !

SlvMSS �0! ~S  >5!
StvlvlSS   BO !

SStvISS   70 !
�0 ! ~S �0!

!~SS �5! IvtvRMS �0!

tvMvlvlvi   95 ! MvMSM   5 !
SSvISS  90 ! SSS SR �0 !
SsvlSS �0! SMvISS �0!

MvMVM �00 !
'SS!viiS   l l0 !
It!lvt�vM   7LI ! SS!VISS   30 !

RSIvlSIe   10 D !

S!vtvISS  85! Ssivlss �!
~SS �! SvtvISV �!

SSvlss �5! IeSIvlsS  >5!
Rielvls S   75 !
RelvISS �0 !

SS vISR   70 !
SsvISS   60 ! SIvtvISS   50 !
~V �0! ~S~  >n!
MvMVM   2tl !

MvMvM   0 0 ! MMMSM   t 0 !
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Fnv ir onmen ta 1 water samples co 1 1 ected f rom the

Courthouse Rd storm drain system exit inta the Mississippi

Sound; isolates from the 16th street headwall  which leads

to the Courthouse Rd exit!, and the Ocean Springs small

craft harbor were also analyzed by the HA procedure  Table

4, page 3!. A degree of HA homology could have been

expected between the 16th street and Courthouse Rd samples

of 6-28-83. These samp ling points are related; water

flowing past the 16th street station is known to exit the

Courthouse Rd. drain. However, only two of the nine

combiinations detected were identiica1  SlvMSS and SSSSS!. Two

hundred yards separate these two sampling points, and the

intrusion of other water is a definite possibility, along

with bacterial contaminants from animal or plant life within

the wooded part of the system. However, in view of the HA

variation observed among the anima ls tested, it is as like ly

that the number of isolates tested was not compatable with

the degree of significance desired.

Two additional analyses were conducted using the HA

method of comparison. First, mice, housed in a closed

environment were tested on 3 separate occasions  Table 5 !.

Little simi lar i Iy is seen in isolates collected 5 months

apart  M1 and M2!, but there exists a definite simi lari ly

between mice  M3 and M4! samp 1ed on the same day. This

couid be a result of these mice being subjected to the same



Table 4, paqe S UVIVAR, Y

Al!I! ] T l ONAL AN1'VAL 8 ANA i. NV l RONtvEN I AL SAVPLE S

I,X3vlB I NAT l ON   S !DATE ~B t NAT I ONS

SSMRS

~S
�! !
 !!

3-07-83

{5! !
�5!

3-07-83OQVE SSSRS
SvlvR'S

CH I CKEN 9- 21 - 82
StvlvMvI

SsvISS

MvMVIS   15 ! 80!
�!

CRQAvCEI < 6 - 2 8 - 8 3 MvMvM
i~M'4

~StVi �0!�0!QWQAKEI< 6-28-83

Si>RRR   20 !
SsvRS   5!

CATE 1SH 6-28 -83 �0!
�!

S StvIRR
S i ~lgfy't

CATE l SH 6- 28- 83

54JLLE T 7 - 1 5 - 8 3

 X!AT 5-24-83

 90!S StvIXR

�5!

�0!
{10!

HJvhAS

I~e

QYS TEIL 6- 28- 83

ENV l ICON>WNTAL RATER SAIvIPLE S

CDURTHQUSE 6 - 2 8 - 8 3 tvtvtVSS   30 !
ivMvivM t 10 t

CUURTHQUSI: 7-15 -8 3  »!
�5!
�!
�!

t X:EAN

SPR f NGS 6-28-83 ',vMvtvM

RHb44S

RI.fute

16 TH
STICK- Ll' �0!

�0!

SMvls S   2 5 !
Swiss �!

6-28-83 S Sivls 'S

SSSSS

AN 1ivAL .

QQVE

Si~R

SR.MRS
tvRhMR

SOS S

SSSSS
~S

SSUIS S
SvtvlSR

RSIvISR
Hl'~4

�0!
�!
�0 !

{65!
�0!
�!

�0 !
�5 !
�!

�5!
�0!
�!

SMEARS   35 !
MshrRS   5 !

ssms �5!
svsRs �!

SHYNESS �5 !
s~s �!

SSSSS �!

Stvllt   10 !

Ssivlss { 35 !

S ~vtvRS   3 0 !

SstvRR �0 !
IvlsvRR �!
SMYRR   5 !

Si'vMSS   20 !
SS.vtSR   10 !

SvRS  ! !
RSvlss �!

S~SS �5!
~s   lU !
~ss �!



Tab le

CDvil31NAT ION  S !// �7vl81 MAT IQNSDATE

>-22-8'5 fvhARS �0 ! SjVRRig   20 !
SMEARS   20 ! SSVRS   15 !
S~ �!

SSMSS   50 ! ShMSS   50 !

SSvlSS �5 ! SUMS S   40 !
tvMvlSS   15 !

SSVSS �> ! S~SS �5 !

8-SO-8>

9-06 -83

9-06-83

HA COvBIN<t IONS & E. H3LI ISOLATED FieCM MICE
H3USED IN A CLOSEO ENVIRON'vENT
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food, water and bedding. I t may be that other closely

quartered animal s share common E. ca l i, but this deter-

minatian remains ta be performed.

Table 6 examines the results of a single fecal sample

fram which fecal col i forms  u lt imate ly E. col i ! were

isolated by three FC standard methods. These pr imary

camb ina t i ons  RSMSS, RbMSS and SSMSS ! were found by a l 1 of

the methods. The M N procedure gave the least number of

combinations, the Al method the greatest. On first

observation, it appears that the Al method should not be

used since it produced a greater degree af variation than

the other methods. However, the opposite may also be true

representing a selective pressure by the bPN and IvF

procedures, and a loss of certain HA biotypes. Additional

research is needed to clarify this point.

All of the HA data accumulated during this study is

summarized in Table 7. Our bias in this table is the use of

combinations beginning with R, M or S, and, therefore, the

assumption, that the reaction of an isolate with African

Green Monkey rbcs  the first reaction in the sequence! is of

primary significance. We do not have data to support this

method, but there is no indication in the literature that

other paths of analysis would be more productive.

With this in mind we have surrmarized all HA combina-

tions into thase beginning with R, M or S, determined the



Table 6

'vETHLID U= FC l SKI AT lQN

fl COvII3 I NAT I QNS CovIB l NAT l GNS

IeSVSS  >0! ~SS  >0!
SS'vISS   15 ! SivtviSS   10 !
RI'AVh/iS   5 ! RIvtvRS   5 !
RS'MRS   5 !

Al

I~SS �0! RS'vISS �0!
S~SS �0! SSMSS �0!

HS'vISS   55 ! I+/MSS   30 !
SSVSS �5!

IvPN

FECAL SAMPLE TAKEN FIRQvI HLNiik'i 1   11-29-93 !
AND FLCAl COL I F~i~iS I SQLATED HY FACH Cf THE THR'EE VETHOOS



Tab le 7, paqe 1

FINAL SLIWA;eV  e!

Q3<it3 1 NA t I  ..&l   S ! TOTAL

1  I=!
12  C!, 5  D!, 1  E!
3  C!, 1  �!

 H!
1  E!
2  Ci!, 1  F !
8  H!, 1  I!!

 t!

2  C!

1  H!

 H! IilfvAIM;  I!! I%X,;  C! cAt;   1 ! HUesL.;  F ! F t s3;  i. ! Q3AT;
 A! t3 tfef!s;  c ! G3N;  F ! ENv l.'eQNM.:NTAL sAVPLF.

  H ! FOL INI3
�3 !
 C!
�!
 F!
 G!
 A!
 t3!
 E!

t'N 2t! �= 22 CX3vll31NATIONS
4

4

1

1

2
I!

0

5

RfelVtvM

i <SfvIS S
IeivtvIS S

I elefvIS S
leSIvIS<e

Ie~e

I~MS
I «teI ef eI e

ie,4vRIe

I-4vMM

fefvte S S

IefelvlSr<

R~R

ieI CvtvIS

I-b «IvISIvl

I AvlvMS

leSiVSlvl

i<SeSS

I elvtvtvlvi

lefvlSI e S

 H!,
25  H!,

 H!,
29  C!,
3II �!,
22  H!,
12 �!,
13  F!,
17  H!
12  H!

 H!
 H!

4  H!,
5  H!
2  E!,
2  H!

  I-I!
1  H!

 H!
1  H!
1  H!

 H!

ALL ANtivaLS; ALI.. mv.HtNATtONS-
DEC3<I=AS I N~ FIeLtdtJFNCY

55

43

36

31

25

21

lR

17

129 6 6 5 3 2 2 ! 1 I 1
TOTAL = 329



Table 7, paqe 2

F l NAL SUVfvARY  V!

~tNAriON S!
TOTAL

51  I!,
>O  C!,
16 �!,
22  I!,

 H!,
27  8!
10  C!,
14  H!

 o!,
0  8!
s  8!
2  H!
2  H!

 H!
1  t!

 A!
1  F!

 H!, 1  8!
 F. !

1  D!, 1  C!

4  O!

1  l!, 1  A!

TOTAL = 4 24

I N 8 OF 16 CXjvI81NAT t ONS
4

4

6
4

 I

 H! Fuush
 o!
 C!
 ~!
 F!
 G!
 A!
 ~!
 E!

Ivtvtv|SIvl

~iS
~SS

~SS
IvtvtvFP/I

fvHMYM

rvlvM<S

MARKS

tvfvRSM

IvlSlvHM

MSMS S

IviSlvtvM

MSVRS
IvlvtvfvR

- ALL AN llviALS; ALL CX3V8 t NAT t QNS-
DEMLAS 1NG P l<t.QUENCY �- �X UHRE>VCF

4O  H!, S4  D!, 20  I=!, 21  R!,
1!  E!, 12  A!
14  C!, 8  F!,

8  H!, >  F!,
7  C!, 6  t!,

225

44

56
34

27

14
14

9 0 5 2 2 1 1 1 1



TabIe 7, paqe 3

FIANL SUfvMARY �!

- ALL AN llvlAL5; ALI A3viH I NAT I GNS-
OEaeCAS INC F>eE@UENCY QF uX:uRRENCE

TQTALLOvll3 I NAT I QN   5 !

30  D!, 23  C!, 21   I !, 19  E!,

 I!, 2O  E!, 11  r!, R  a!,

{o!,
 A!
 D!,

S SivIS S

SMvlS S

191

2  F!, I  F!
1  u!, 1  F!
1  8!, 1  A!

{D!,
 H!,
{M!,

�!,
 F!,

1  H!
1  I!

 A!
{M!,
{H!,
 o!,

1  A!
1  F!
1  8!

1 1 QF 2 2 G3vll3 I NAT I ON 5

6
5

ll

4

1
9

7
7

  H ! FUUND I N
 D!
 C!
 I !
 F!
 G!
 A!
 8!
 E!

SivtvfeS

5SIvRH

S SivlSFe

5SIvfeS

SlvtvMS

SSSRS

S~e

SivlviSR

SHIvtvlvi

SSSSS

SivMvM
SivlvRM

StvMSlvl

Sielelel e

SSMSM

SSSSik

SielvlS 5

5 Sielelk

SIURSS

SivlSRS

46  M!, 44
7  F!, 2

44  H!, 24
3  A!

16 {I!, 1th
32 {F!
14  C!, 4
16  A!, 1

0  I!,
11  A!

 F!, 2
3 {O!,
6 {H!
5  F!, 1

 I!, 1
2  I!, 1
2   I!,
4  I!
1  H!, 1

 e!
2  C!
2  I!
1  H!
1  A!

{A!, 6  D!, 6  G!, 3  M!

 8!, 1  C!, 1  E!

141

41

32

21

19

13

11

9 7

6 6 5

4 4 2 2 2 1
1

TOTAL = 52 7



number of t lmes tha t an HA comb ina t i on appeared for a par-

ticular species, and ranked them according to order of

occur r ence. Tab le 7, page 1, shows that 22 R comb ina t i ons

  represent i ng 329 isolates or 2596 of al l isolates! were en-

countered during this study. Rf v1vM was observed an 55

occasions, representing 16.7% of those combinations begin-

ning with R, but only 4% of all combinations found in this

study. Twenty  91%! of the twenty-two combinations begin-

ning with R could be found in association with human

isolates, but at this time, there is no way to determine if

this resu lt is an artificial number created by the larger

number af human isolates tested. Humans were nat found ta

contain isolates giving 2 HA combinations  RPRFB. and RSMSR!.

None of the isolates taken fram birds or caws began with an

R reaction.

Combinatians which began with M  Table 7, page 2! rep-

resented 33% of all isa lates �24 or 12BO!. The mast common

Isetrern, IvMvMvl, wes observed on 225 of 1280 oeessions

  17.5%!, and isolates fram all species and environmental

samples  except the goat! cantained this combination. Human

isolates were represented by only 8 of 16 M combinations

�0'ttf!, a drop of 41% when compared to those which began with

R. Mare isolates from horses were represented by M as

compared to R combinations.

Those combinations beginning with S  Table 7, page 3!
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were found more often �27 of 1280; 41.7%! than those begin-

ning with either R or M. The most frequent pattern in this

group was SSMSS, representing 36% of those patterns begin-

ning with S, and 14.9% of all isolates collected.

The combination SlvMSS was second in this group, rep-

resenting 141 isolates. ln all, 22 combinations were obser-

ved to begin with S. Human and equine isolates were found

among ll or the 22 combinations. By comparison, more

species were represented by S combinations than by either R

or M, although there was equal opportunity for other pat-

terns to develop.

These results  Table 7! suggest that isolates of E.

co li collected from animal feces and environmental samples

alike exhibit a wide variety of HA combinations. Particular

combinations do not appear to be characteristic of a par-

ticularr animal or sample, although a trend toward human iso-

lates to begin with R is noticeable. However, human iso-

lates also began with M and S patterns as do isolates of

other species.

While it may appear through a cursory examination of

the data that HA may afford little value toward the accom-

plishment of the objectives of this research, there are

other facts which dispute this point. It must be pointed

out that E. coli appeared to exhibit a limited number of

combinations  only 60 out of a possible 245, or 25%!, and
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E. coli isolates produre abberant HP, combinations, or 2!

that the data collected was in error due ta the reading of

the HA response.

If we examine the 14 combinatinns representing �5I6 of

all barterial isolates, wc observe the following result:

Animal s! represented
I H D F 8 C E A

I HDFBCEA

Combination No. isolates

IvMvtvM 225
191

that the HA method emp loyed could have several inherent

flaws which contribute to the degree of var iat ion observed.

For exainp le, Adu I t chi cken rbc eas i ly hemo I yzed, making i t

di f f i cu I t to obser ve thi s HA reac t i on. Also, we looked for

immedi ate HA to occur and could have mi ssed de layed

react ions. Likewi se, i t can be expected that cer tain

isolates could have produced a I imi ted HA react ion which was

di f f i cult to see wi th the unai ded eye. We fee I that thi s

first trial of HA characterization of non-pathogenic FC

isolates could lead to more advanced systems with greater

accuracy and reproduci bi li ty .

It must also be noted that only 5 of the 60 combina-

tions  8.3'l6! represent 51.3'I6 �56 or 1280! of all isolates:

IvtvfvMv1 225   17 . !'I6!; SSMSS 191 �4. 9'I6!; SMMSS 141   1.1. O'I6!;

RI~M 55 �. 2'!; MvMSM 44   3. 4'! . I t requi ~ed an add i t i ona I

9 comb inat i ons �4/60; 23%! to reach �5I6 of a I I i so lates.

Thus, 46 of 60 combinations  or 77I6! represented only 25't6 of

the combinations observed, implying either: 1! that 25% of



I HDBCEA
H E

I H F B C
H D C E

I H D

H D C

I H F E

I HD CE
H C

A G

I rom thi s resui t, certain obst rvat ions can be made.

Combinations represent inq 	0% of al I isoiates  the first

three! represent the major i ty of the animals tested. only

two combina t i ons represent a s inql e spec i es and inc I ude

SStvRR and MvRSS. Humans are represented by 11 or the 14

combinations. Three combinations  RRIvlvtvi, RRvlSS and RSMSR!

represent only 2 sample types. Al 1 other combinat ions fal I

somewhere in between. These resul ts imp 1 y that a I though

there is a finite deqree of variation among E. co li, enouqh

is available to prevent a separation of species on this

basis.

The degree of variation can be expressed as the number

of combinations per animal of each type:

SMvlS S

HP4vlvM

IvMvISM

RSMSS

SMvRS

RfvMSS

IVMvMS

MvMS S

RIESS

S SlvRR

RSMSR

MvRS S

H I
E D

C A B F
G

141

55

44

43

41

36

36

34

33

32

ll

27

R M

20 8

1 6

5

4 4

4 4

0 0 5
1 4

2 0

S 11
11 7

6 5 9 7 4 1
Total

39

18

15

14

13

12

12
9

64. 0

29. 5

24. 6

22. 9

21. 3

19. 6

19. 6

14. 7

4.9



.1  f-!
4 A
10 l !

68  H!
31 c!
� F!
17 W!

4  I-I!

5 H!
2 F!
Z H!

HvtvM

HMS

RIRRR

I~R

HMSR

RMVR

HUIS

HMSM

69

35

23

17

6 5 3 2
160

2  C!

1 H!

Pot. a 1

73 k!, 44 8!, 35 D!,
35 C!, 21�!, 20 E.!,
2 A!
34  D!, 14  C!, 3 F. !,
1 F!

237

Humans demonstrate the greatest amount of variation

�4'%!, followed by the horse �9.5%!. The fact that humans

represent a wide variation underscores the need to analyze

additional isolates associated with other species so that

equal numbers of species isolates are compared.

No doubt the order and type of the red blood cells used

for the HA determinatio»s i»flue»;.~ the status of a com-

bination. Assuml»g, however, that all isolates are compared

us ing the same order, t he resu 1 ts should be equi vocal. The

number of types of b load used i s al so of si gni f i cence. Fi ve

is a practical number in terms of ease of procedure, but

additional types of rbcs would be more functional in terms

of separation of isoIates. lt, follows that smaller numbers

of types of rbcs used would create fewer biotypes.

As shown in Table 7, which used the rbc sequence PG-H3-

13-AC-GP, a total of 60 combinations result �3R, 16M, 22S!.

If we drop the AU reaction, we find the following result:
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32 F!

17  A!,
11 A!

5 F!,
2 H!,
Z B!
2 I!
2 H!
I H!
1 H!

SMEAR

SlvR5

SSRS

SSSS

SMSM

SSSR

SSSR

SlvRM

SRS S

5ivtvM

55 I!. 34�!
18 C!, 11,.

28  F!

37 I!, 27 ~!
8 B!, 3 A!

17 l!, 14 D!

IvMS S

11 H!, 6 F!,

14 C!, 8 F!,fvtvlSM

3 V!,

4 D!,

6 F!,
6 H!
10 C!

Mv&4

IvRS S

IvRI<S

IvRMS

ivRSM

IvRRM

MSRS 1 A!
Tot a I

A drop occurs in the

with each letter �2 R to

R A S combinations also lose representation in numbers of

isolates �29 R drops to

ther e is a sizeable rise

begin with M �24 rises to 749!. This means that fewer iso-

lates reacted with human

African Green Monkey rbcs

79 H!,
21 B!,
l3  A!
84,'C !,
15  C!,
18  G!,
11 H!
31�!,

1 A!
18 I!,
1 D!
23 H!,
24 d!,
13  H!,

1 F!

9 H!
8 B!
5 B!
2 H!
1 H!,

32

1 H!, 1 B!, 1 E ! 20
11

1  A! 6
1 B!, 1 C!, 1 E ! 5

2

2

2

1

1

371

261

25  i!!
199

11  A!
71

1 B!,
50

' 2 B!,
48

Z G! 34
30

2 I!,
30

9

8

5

2

2

749

number or combinat ions which began

8 R; 22 S to 12 S; 16 M to 13 M!;

160 R; 527 S drops to 371 S!, but

in the number of combinations which

type 0 blood than had reacted with
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Tata l
60

33

18

9

3

R M S
22 16 22

8 l3 12
6 9

1 1 1

AC'- Ho -8- PC-CP
Ho -8-PC-CP

B-PC-Q
PC-A'

CP

Approx imate ly, one-ha l f of the number of combinat ions

 in one case 2/3! are lost with each deletion of an rbc type

  star t inq wi th PC and proceeding to GP! imply ing that

addi t i ona l rbc types, such as ox, mi gh t daub le the number of

combinat ions observed, and possibly lead to a greater degree

of species specific reactions.

lf we examine the number of isolates represented by

each succesive deletion of an rbc type and the % of each

value, the following is observed:

l f we cont inue thi s process and drop the react ians of

both AG and Ho rbc' s, we f ind the fo l lowing: the number of R

combinations drops to 6, the number of representat ive iso-

lates to 78; the number of S combinat ions drops to 3, the

number of representat ive iso lates to 21; and there are now

9 M coinbinat i ons represent ing 1181 i so lates.

Thus, as rbc types are exc1 uded there i s a drop in the

poss i b le number of coinbinat i ons. Thi s t rend i s appar ant in

the scheme be low as each success i ve leve l of r bc is dropped:
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Isolates Represented
R M S

329�5.7! 424�3.1! 527�1.1!
160�2.5! 749�8.5! 371�8.9!

78 �.0! 1181 92.2! 21 �.6!
225�7.5! 398�1 ' 0! 627�8.9!
175�3.6! 425�3.2! 680�3.1!

AG-Ho-e-m-GP  AI=!
Ho-8-PC-GP  Ho !

8-AC-M  8!
M-CP  AC!

 ~!

As thi s table deinonstrates, there is more I ike I ihood

that an I so late will not react wi th bov ine rbcs  92. 2%!, a

58. 5% chance that an i so late wi I l not react wi th Ho rbcs,

but only a 33. 2, a 31. 0 and a 33. 1% chance that an i so late

wi I I not react wi th M, AC and AG rbcs, respec t i ve ly.

Fur ther resear ch should take these values into

cons i derat ion and create a species key based on rbcs

producing the hi qhes t Ieve Is of react I v I ty.

2. F lec trophores i s:

Other studies have analyzed pi I i from indi v i dual

enter opathogeni c 'E. co l I, but have descr i bed only a l imi ted

of a method to distinguish E. coll isolates from specific

animals, a procedure had to be rapid, basically Inexpensive,

and reproducible. Pili extraction was found to have several

negative procedural characteristics. First, the volume of

number of i so l ates. In the ir studi es, the nature of the

analyses could be lengthy and more cumbersome due to the

smatl number of strains examined. To be appropriate for the

analysis of many isolates, and thus, toward the development



col i needed t,o produce a suitable quant i ty of pi 1 i

protein was approximately 60 ml of bacter ial paste; this

required a growth surface of about 10,000 cm Next, the2

t ime requi red to process a single isolate was 2. 5 days,

al lowing for the extract ion of up to 4 isolates per week.

The steps of e lect rophores i s were rap i d, amendable to the

simultaneous analysis of several extracts, and, on a per

sample basis, inexpensive. Therefore, the limiting factor

in the analysis was the accumulation of pili pratein concen-

trates.

Ouring the course of the analyses, ll2, extractions

were conduct.ed, representing 3 cats   14 isolates!, 8 humans

�0 i so la tes !, 4 horses �0 i so 1 ates !, 3 dogs   l5 i sa 1 ates !,

f i sh �3 i so lates ! and 2 cows �0 i so 1 ates !.

Tab le 8, pages 1 to 4 summer i ze these res u 1 t s. Al 1

strains tested were i solated in the manner described pre-

vious ly, and were character i zed by the HA method so as to

facilitate comparison.

The pattern af HA variation expressed earlier for

groups of 20 E. col i col lecl ed from a single animal on a

specified date appears to hold for the isolates tested here.

There i s 1 i t t le agreement on the number of p i 1 i bands or the

HA pattern observed. Commonly, isolates which produce the

same number of bands, produce radically different HA pat-

terns  horse 1, isolates 4 A 5!. Conversely, isolates pro-
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i so l ate /p' // I> i l i t>ar>rls f!ate HA patternknirrra I
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II
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Tab I a 8, paqe 4. I: i sh and Vi sc. Anima I s

I so l at< If // p i I i hands Date HA pat ternAnimaI

6/28/83Catfish 1

Cat.fish 2

Croaki r 1

!~S
ivMvMMCroaker 2

7/15/83VIu I I e t 1

Chicken

3/07/83Oovr

Oova 2

/24/83 ,oa t 1.

 Vous a

4'ious> a 2

VIousa 3

IViousa 4
'v!o U '-  o  5

9 6 4 1 2

I

1
t!

2 1

I]

I!

2

4

9/28/82
 I

9/21/82

3/22/83
II

Ii/3a/83
9/06/83

SSvRR

SS~S

S SivRR

S S IVI%'2
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I IVlvlvlvl
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due ing i dent i ca l HA pat terns  cow 1, isolates 1, 2, 3!, of ten

yie I d di f fer ent number s af pi l i bands an el ectraphares i s

assay. As could be expected, same agreement was observed

 dog 1, human 6, human 10, croaker 2, chi cken ]., goat 1!,

but rarely di d al I isolates from a species conta in the same

number of bands and the ident ical HA pattern. We purposely.

analyzed species isolates collected from the same animal on

di f ferent dates, and found: a! . that both the HA pat tern and

the numbe r o f bands cau 1 d change  ho r se 1, ch i cken 1 !, b ! .

that the HA pat tern might change and the number of bands

rema in the same  hor se 4!, or c! . that the HA pat terns may

remain unchanged  human 4, isolates 1-4!, but with different

numbers of bands . There appeared to be less var i at ian

between isolates collected an the same day, as compared ta

isolates taken from an animal on 2 ar more successive dates.

No apparent relationship between the number of pili bands

and the HA pattern observed could be implied, nor was the

finding of na pili bands associated with an isolate

consistent with a non-reactive ttpr pattern  Mvlvvvll. it woold

have been interesting to determine whether 2 subcu ltures of

the same i so late, treated as described above, would yie ld

identical numbers and molecular weights of bands.

A major question to be answered concerning the bands

produced by several iso lates from the same animal invo lves

the mo lecu lar we i ght  Mhl! of indi v i dual pr ote ins. The 112



isolates examined y ie l ded a total of 344 bands of which 94

�7%! represented el I i so l ates. Table 9 tabulates the indi-

vi dual MN of these 94 bands, and the number of t imes that a

band was found in association with a particular species. 45

of 94 bands �8%! represented a single species, 24 of 94

bands �6%! represented 2 species, and 18 of 94 bands   19%!

represented 3 species of animals. Seven bands �%! were

found in 4 or more species. No band was associated with all

of the species tested  total of l2!; the greatest. number of

species associated with a single band was 6  band /k 42658!.

Although there is variation in the number and MW of

bands associated with different species, and intraspecies

variation as well, it should be noted tha't there is agree-

ment between this part of the results and the overall ob-

jective of the project. Again, there appears to be a limit

in the number of bands that might be associated with an iso-

late as a result of the observation that certain bands are

multi-species associated. However, multi-species � or

more! bands are low in number, representing only 29% of the

total number of bands. These bands may represent E;. co li

which are not siignificantty modified by passage through the

GI tract of var ious aniina ls, or a cornnon form of pi l i or

other protein associated wi th many var ients of E. cali and

coded for on the bacter i el chromosome rather than plasmi d

associated.
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I3ar> d

0 - 19,999

3! C�! A�! Ch�!
!

2!

!
�!
!

3! D�!

20, 000 - 39, 999

I, horse; l3, bov ine; G, qoat; D, doq; C, cat;
VI, mu I I et, Co, croaker; Ch, ch i cken; A, dove.
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lntraspecies variation is a critical factor and its

limits must be known to produce a viable method af species

separation. In this study, human isolates were tested mare

often than those af other species �0/112; 35.7%!. Table 10

indicates the level af variation observed. 38 bands were

found in the pili extracts af the 40 human isolates; no pili

bands were found in 15 af the isolates. [so lates collected

on the same day were more likely ta produce identical pat-

terns than isolates from the same human collected on dif-

ferent dates  for ex. the 3 human 7 isolates of 7/13/83 all

contained 6 bands; 4 manths later, 2 isolates from the same

human contained 3 bands each, none of which had been ob-

served on the previous date!. None of the 5 isolates taken

fram human 6 on 3 separate dates produced an extract banding

pattern. This was not always the case and in several

instances  humans 8, 1 and 9!, isolates collected on the same

date yielded: 2 isolates with no bands, 1 isolate with 5

bands  h8!; 1 isolate with no bands, 1 isolate with 1 band

 hl!; 2 isolates with no bands, 3 isolates with 8,5 and 2

bands, respectively  h9!.

of E. coli produce aThese resu I ts imply that i so lates

variety of extractable surface proteins, not all af which

may be derived from pili. Although the extraction procedure

was designed to co I lect and purify pili, It is not known

whether other bacterial surface contaminating proteins were
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present, and are i dent i f i ab le as par t of the comp lament of

bands. Fxtracts of the agar used for isolate growth con-

sistentlyy produced ge ls with no protein bands, and it is

unlikely that any of the bands listed in Table 9 represent

proteins from the growth medium.

The procedures used to digest the purified pili have

been emp loyed in previous investigations, and should be cap-

able of suitable pili digest.ion. However, it cannot be con-

clusively shown that the large MN bands represent indepen-

dent subunits or whether they represent unhydro lyzed pili

protein. Another problem concerns the amount of protein in

an extract. Although al1 strains were grown in the same

manner, variation in the amount of protein in the final con-

centrates may have contributed to the variation in banding

observed. A standard procedure could be formulated to

insure that the amount of protein being exposed to electro-

phoresis be equal for each isolate. A protein measuring

refractometer could be used for rapid analysis, or the Lowry

method if low values are consistently observed.



Discussion

Hema ultination: The procedures used during this

investigation to attempt to identify an E. cali according ta

animal af origin have been studied by other workers.

However, the unique aspect of this study was the application
of the methods. To date, the primary types of E. cali ex-

haustivelyy examined by either HA or pili banding have been

enteropathoqenic or enterotoxigenic strains. The reasons

for the substan'tiara amount of literature on this subject

involves an understanding of microbial surface factors which

will lead t.o either the development of a vaccine, or a way

to modify the epidemiology of these strains which produce

qastro-intestinal ar ather forms af disease in man and

animals.

By far the qreater amount of research has concerned

hemagglutinat ian which has been descr ibed for isolates of E.
col i since 1908. The group ing of this bacterium according

to HA pat.terns began wi th the work of Dugui d in 1955, who
character i zed three qraups of L. col i strains praducinq

di f ferent pat terns of HA agains t r bcs of di f ferent animals,

and a four th gr oup that was non-hemaqgu l t ina t ing. Group 1

strains were HA +! in most rbc types and produced this re-

action best following growth in liquid medium. These

strains contained pili and were found ta be mannase sen-



si t i ve. Group 2 var ients gave an HA react i on in a var iety

of rbc types best seen at a low temperature of reactivity

�-5 C! following growth on agar. Pili were present on

these bacteria, but the HA reaction was not sensitive to the

presence of mannose. F lution of bacteria from rbcs was ob-

served when the mixture was warmed to ambient temperature.

Group 5 strains were identicai in all respects to Group 2

with the exception of pili.

Our classification of intestinal and commensial iso-

lates followed this scheme  R = mannose resistant, Groups 2

S = mannose sensitive, Group 1; M = no HA activity,and

Group 4!. One difference was that many strains exhibited an

R reaction at room temperature, a step more ammendable to

rapid isolate analysis. If a cold HA reaction had been ob-

served for each isolate, possibly additional R reactions

would have occurred. Our method appears to favor an S re-

action, but the results do not bear this out in all rbc

types.

Group 1  S ! reactions were found more often when AG, AC

or GP rbc were used. Only a small percentage  8.0%! of the

1280 strains examined hemagglutinated bovine rbcs, and 41%

of the strains produced a HA +! reactions with human type 0

cells. The group 1 isolates studied by Duguid reacted best

with guinea pig cells, but he reported that most animal

bloods were suitable to designate an S type reaction. In



our s t udy, a clear di s t inc t i on cou l d be made be tween gu inea

pig, adu lt chicken cells, and monkey rbcs versus human type

0 and bov ine red blood ce l is. The let ter two rbc types

appeared least likely to respond to pi li containing E. coli.

RBC type Gr oup 1 Group 2/3 Group

424527 329

749371 160Ha

11817821

225627Ac

680 425175

human F. coli isolates  Evans et al. 1980, j. Clin. Micro.

12:235-242!. Our goals, as expressed earlier, remain the

same, but in this instance, further divisions of MS and IvR

hemagglutinins was possible and therefore conducted. Our

steps of analysis used the general steps presented in this

paper. Evans divided isolates into 7 HA types:

Although it is of interest to classify isolates accord-

ing to group, it is apparent that the possession of 5 or R

hemegglutinins does not correlate with the source of the

bacteria. To underscore this point, another scheme for HA

classification is presented below.

A second and more detailed scheme was c}eveloped to type



A re-evaluation of the isolates examined in this study

using the rbc sequence of Evans produced the following

result:

I/ strains with single
varients

5

7

9

2

141

70

110

3I strains in
Evans group

191

141

225

14
8

21

1

25
14

6

14 1 1
55

33

Evans

HA gr oup
lA

2A

28

2C

3A

4A

4B
5A

58

5C

5D

5E

6C

6D

WA group
1A

lB

2A

28
2C

3A

4A

4B

5A

5B

5C

5D

5E
5 I=

6A

68

6C

6D

6E

7A

7H

7C

H B Ck

R R R

R R R

M R R

M R R

S R

M M S

S M S
M IVI M

R M M
M R M

M M R

M M M

M M M

R M S

R M R

R M R

R M M

R M S

R M R

R M S

R R M

R R Ivl

R R S

Mk Gp
M M

S S

M S S
S S
S S

S S

M M

M M

M M

M M

R M

M R

S S

R M

R S

R M

R S

R R

R R

M M

S S

S S
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6

6E

6F

The fol lowing strains contained equal to or greater than 2

r bc v ar i e n t s . 'RI~Rf~M, 18; lvRSRS 6; MSRRS, 1 ' MVRSR, 9; MvRSM,

4; MSRS S, 1 ! IURSMS, 2 7; MVRRS, 21; SIYRSR, 3 2; MRS S, 19;

SSRSS, 11; SSSSS, 6; SSSSR, 2; SivRivM, 2; ShRMS, 1; SMSRM, 1;

SRSRS, l.

The number of R combinations droped from 22 to 13; M

combinations increased from 16 to 30, and S combinations

dropped from 22 to 17. The 5 major patterns which repre-

sented approximately 50% of all combinations in our ana-

lysis, fall directly into the HA groups of Evans, with one

exception. 54% of all possible isolate combinations fall

inta the 7 groups, and if the isolates containing one rbc

varient are included, this figure rises to 87%. Evens also

observed that 36% of stoa I isolates were group 48. In our

case this figure is 2996.

It was not the intention of the Evans investigation to

separate species-associated E. co li. However, it must be

noted that the procedure would not be sufficient for species

differentiation due to the finding that isolates from dif-

ferent animals and environmental samples remain in single

groups and are not able to be separated further with the

present data. Whe ther HA typ inq of E. co l i can ul t imate ly

al low species separat ion mus t awai t a f incr mechani sm of
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ana lys i s.

Electro hores i s: The large number of bands found  Table

9! in i sola tea used in th i s study do not ai 1 represent pi I i
proteins. Corrrnon pili proteins of E. coii can range from

approximately 15,000 to 25,000 molecular weight. Purified

pi l in should have a molecular weight of around 17,000. Only
a smal l number of the isolates examined in thi s study

contained h4Vs at or near 17000. The remainder of the bands

probably represent other types of surface proteins such as

flagella, porins, or envelope proteins.

The problem appears to be one of purificat.ion. The SDS

solubilization procedure seems to detect pili present, but
al so components of the eel l envelope. l t i s also poss i hie
that pili may be refractory to solubi l ization by this tech-
nique. l f solubilization does not occur, pi l i will not

enter the ge l, and th i s cou l d accoun t for the low numbe r of

samples wi th bands of approx imately 17000. Converse ly, i so-
lates could exhibi t more than one type of pili subuni t

giving rise ta different bands in the gel, or exhibit

different conformational or charge states for pili subunits

in the SDS solut i on. These var i at iona could perhaps expand
the range of pi l i h4V to l2-29 K, but they woul d not account

for the l ar ge number of Mh! species �0 K  of whi ch there are
52!.



A multi-step pili puri f icat ion steps appears necessary

i f thi s research path i s fo 1 lowed in the futur e.
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Appendix I

Solutions for electrophoresis:

Phosphate buffer stack sa lutian �.2 M, pH 7. 1!: 39.0 g
NaH PO H 0; 193 g Na HPO� 7H 0; 10 g SDS; make up to 5000
ml wi tIt dls t i l led water.

Electrode buffer: 1 part buffer stock plus 1 part disti lied
H,a
Phosphate sample buffer �.01 M, pH 7. 1!: 5 ml Phosphate
buffer stack solution; 1 ml 2-mercaptaethana 1; 1 g SDS; qs
to 100 ml with distilled H20

Acrylamide solution: 22.2 g acrylamide; 0.6 g Bis; qs to 100
ml with distilled water. Store in dark at 4 C.

Amnoni um per sul f ate so lut i on: 150 g Anmonium per su l f ate;
make up to 10 ml wi th dist i l led water; store in dark bot t. le
at 4 C.

Brompheno l blue  o. 25% w/v!: 25 q brornopheno 1 blue; make up
to 10 ml with sample bu f f er,

Detergent solution: Add 0.1 ml Tri ton-X 100 to 100 ml dis-
t i l led water.

Fixing Solution: 57 g Trichloroacetic acid; 17 g
Su l phosa 1 i cy l i c ac i d; 150 ml me thano l; 350 ml di s t i l l ed
water; add acids to the mixture of methano l and distilled
water.

Staining solution: 0.28 g Coomassie brillant blue R-250; 30
g su lphosaiicyiic acid; 30 g trich loroacitic acid; 186 ml
distilled water; 75 ml methanol; add acids to mixture af
methanol and water, then add stain.

Des taininq solut ion: 1500 ml ethanol; 500 ml acct ic acid;
r~ake up to 5000 ml wi th di s t i 1 led wa ter.

Preservinq solution: 300 ml ethanol; 100 ml acetic acid; 100
ml qlycerol; make up to 1000 ml wi th dist i i led water.



41

Appendix II

LKB Instruments and reagents:

LKB 2l97 Power Supp l y
LKB 1860-102 Molecular Wei ght Markers  range 12,300
78, 000!
LKB 2117-301 Mu l t i phor un i t
LKB 2117-601 Mul t i phor electrophoresi s ki t for SDS and PAGE
analysis
LM3 1850-101 Sod i um dodecy l su l f ate  SDS !
LKB 1830-401 2-mercap toe thano 1
LKB 1820-101 Aery lami de, Ul trograde
LKB 1820-102 B i s, Ul t rogr ade, me thy leneb i sacr y l ami de
LKB 18>0-901 ammonium per su l f ate ul trograde
LKB 1840-901 Broinopheno I blue
LKB 1850-201 Triton-X 100

LKB 1840-101 Coomassie brillant blue R-250
Trichloroacetic acid, Merck, Germany
Sulphosal icy l ic aci d, Merck, Germany
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Checklist - Comprehensive Technical Report

Items from check l i st in earlier par ts of thi s report include

nos. 1,2,'5,4,7,12. Other i tems are addressed be low.

!/5 Problems which impeeded the investigation: Producing a

quantity of E.. co li suitable for pili analysis was time can-

suming and did not allow for the analysis of 20 isolates

from each animal.

f/6 Accompl i shments: The HA method emp loyed was able to sep-

arate animal and env i ronmental isolates into general groups,

but was not able to di f ferent i ate between i solates f rom

different samples.

PP8 Recorrnlendations: The theme of the research in this

report is an attempt to discover intrinsic differences in

isolates of F. col i. Another way to approach this problem

would be to look for host factors whi ch are assoc i ated wi th

bac ter i a excreta f rom di f ferent animals. The diets of car-

ni vores, herb i vores and omni vores r equire di f ferent mech-

ani sms of diges t ion; mechanisms requir ing di f ferent enzymes

would be carr ied on the excreted microbial biomass. Thi s

al ternate theme shou I d be exp l ored.



g9 Users: A method to di f ferent i ate mi crobi a I po I lutants

associated with di fferent animals wi I I revolutionize

sani tery microbio logy, and al lev i ate much of the confus ion

present ly created by standard procedures such as the FC

count. Since we are fair ly fami I iar wi th the disease agents

of other anima I s and the potent i el di sease imp l i cat ions for

man, we could perhaps increase the accepted bacter ial

indicator levels and sti II retain sanitary quality

assurrance. Federal, state and local authorities authorized

to protect the public will use such a method.

/710 Di sseminat ion of Results: The resu Its of thi s study

wi ll be the subject of a jouranl article in the area of

sani tary microbioloqy. The Journal of the Water Pollution

Cont ro I Federat ion would be a log i cal place to submi t t.
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