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INTRODUCTION

Fecal coliforms are bacteria that live in the gastestinal tract of warm-blooded
animals and are commonly found in human and anfiecals. Fecal coliforms can be
used as indicator organisms of fecal contaminaifomater. Fecal coliforms may be
organisms that are pathogenic themselves Esahperia coli), but are also often
associated with various other pathogenic organi3imgs, coliform counts are used in
federal standards for both recreational and drimkwater safetyE. coli and

Enterococcus faecalis are the two most commonly monitored “coliform” sgs. Both
bacterial species are common intestinal organigmosigh onlyE. coli is technically
considered a fecal coliform. Howevér,fecalis is often included in coliform counts
because it has been found to show a higher camelaith human pathogens than most
fecal coliforms (Jin et al. 2004). In the Unitectes federal drinking water quality
standards dictate a count of less than 1 colifod®fhl. Recreational standards are less
stringent and therefore may contain no more th@anc@liforms/100 ml, or less
depending on the bacterial species used for mamgtofhe Ottawa County Health
Department monitors the E. coli levels at Duntoad&eon Lake Macatawa. For the past
seven years there has been a marked increasedh tleaings due to coliform counts
that exceed water quality standards (Ottawa Codeslth Department 2009). The
source for the increased coliform levels is yetnown. There are many possible sources
for coliforms in the lake including human waste steafrom livestock runoff, and waste
from wild animals. This study aimed to determinarses of fecal coliforms using

antibiotic resistance analysis.



Antibiotic resistance analysis is a tool used emgnfields to determine the
resistance of a given strain of bacteria to armiddial or range of antibiotic(s). Certain
bacteria are considered “naturally” resistant tidate antibiotics. Bacteria that are
naturally resistant to a given antibiotic lack gheysical structures or biochemical
pathways by which the antibiotic uses as its mddectivation. Other bacteria “acquire”
resistance to antibiotics due to exposure to aibiatit, which promotes the
development of resistant strains, usually by adogliiresistant plasmids that contain
genes that in some way deactivate a given antthiBy testing coliforms from a given
known organism against an array of antibiotics, cene determine a specific pattern of
antibiotic resistance for that organism. Then,foais from an unknown animal source
can be tested for antibiotic resistance, and thecgoof the coliform can be determined
by comparing its resistance patterns to those ofkncoliform sources.

One way of testing antibiotic resistance is by amb#otic disk assay. In this assay
a given bacteria is used to create a “lawn” of &aaton an agar plate (typically, Mueller
Hinton agar is used because it provides a goodsidh medium). To ensure that the
relative same amount of bacteria are coated ortio @gar plate, a standard of turbidity
called the McFarland standard is used and compartt turbidity of bacterial
suspensions to be tested. After a lawn has beateckedisks of antibiotic may be placed
on the lawn. After incubation the diameter of tmgyrof inhibition (zone of no bacterial
growth) created around a disk can then be tramkslate an organism’s degree of
resistance. Previous studies in other areas afdhetry have successfully used antibiotic

resistance analysis to differentiate between ssustéecal contamination in local waters



(Harwood, Whitlock, and Withington 2000; Whitlockones, and Withington 2002;
Wiggins 1996).

The objective of this study was to find the hostrse (human, wild animal, or
domestic animal) of fecal coliforms in the DuntcsrfParea of Lake Macatawa. The
underlying assumption of this study is that humank] animals, and domestic animals
will each have characteristic resistance patternsdividual antibiotics due to the

different manner and types of antibiotics commardgd (or not used) within each group.

METHODS

Sample Collection and Bacterial | solation
Samples were collected from the following soureester from Dunton Park Beach close

to the Holland wastewater treatment plant effl(@nknown source), wastewater
treatment influent (*human” source), feces from tiplg ducks (“wild” source), feces
from multiple seagulls (“wild” source), feces frarcow treated medicinally with
antibiotics (“domestic” source), feces from a caoot tneated with antibiotics (“domestic”
source), feces from multiple chickens not treatét antibiotics (“domestic” source).
Once samples were collected, they were brougltedat, stored at 3°€ and plated
onto selective media within 8 hours. Samples frommal sources and the wastewater
treatment plant were first placed in a saline sofu¢8.5gNaCl/1000ml kD) and then
dilutions were performed to create spread platéls multiple isolated bacterial colonies.
Membrane filtration was used to isolate coloniesrfrDunton Park water samples. All
samples were plated onto two types of media M-Betarcus and M-Tec, for isolating
Enterococcus andEscheria species, respectively. Samples on M-Enterococe&us w

incubated at 3T for 48 hrs and samples on M-Tec were incubatdd-at for 24 hrs.



Up to 15 pure cultures of different bacterial stsajwhich were created from individual,
isolated colonies on the spread plates) were adateeach sample type (human, Dunton
Park water, duck, seagull, cow (possible antibiose), cow (no antibiotic use), chicken).
Antibiotic Disk Assay

A McFarland standard was prepared using 99.5mL%H,SO, and 0.5mL BaGl

Using a sterilized inoculating loop, bacteria frpore cultures were added to test tubes
containing saline, using a separate tube for eacipke replicate (replicates = various
bacterial strains from each sample type). The ditfpof each bacterial suspension was
compared to the McFarland standard and the amdunatoteria or saline was adjusted
until turbidities matched. A sterile cotton swabswhpped into each bacterial suspension
(bacterial replicate) and swabbed across the esunface of a Mueller-Hinton (MH) agar
plate to create a uniform lawn of bacteria acrobsgate (one MH plate per bacterial
suspension). Next, four different types of antilmialisks were placed on the lawn on
each MH plate. A total of eight antibiotics werstegl (Ampicillin, Chloramphenicol,
Ciprofloxacin, Erythromycin, Penicillin, Streptomyge Sulfamethoxazole trimethoprin,
tetracycline), though not every antibiotic wasé€elsbn every strain. Each strain was
tested against a minimum of four antibiotics amdaximum of eight antibiotics; strains
tested for all eight antibiotics were randomly s&dd. After placing the antibiotics on

MH plates, the plates were incubated for 24 h&7a€. After incubation the diameter of

each ring was measured and correlated into semsititermediate, or resistant using

Table 1.
Antibiotic Resistant (<or =) | Intermediate Sensitive (> or =)
Ampicillin

E. coli 11 12-13 14

E. faecalis 16 17




Chloramphenicol 12 13-17 18
Ciprofloxacin 15 16-20 21
Erythromycin 13 14-22 23
Penicillin
E. coli NA NA NA
E. faecalis 14 15
Streptomycin
E. coli 11 12-14 15
E. faecalis 6 7-9 10
Sulfamethoxazole- | 10 11-15 16
Trimethoprin
Tetracycline 14 15-18 19

The means and standard deviations of each zomdibition were calculated using
Excel for interpretation of results.
RESULTS

Of the eight antibiotic disks used in this studylyo4 were usable in the results.
Chloramphenicol and Sulfamethoxazole Trimethoprameannot used because all of the
replicates were sensitive to the antibiotics. RAiimievas not used because all the
replicates were resistant to the antibiotics. Glpxacin was not used in the results, as
well as Ampicillin in the cow, duck and chicken uéts, because enough data was not
collected using these antibiotics.

Six to sixteen replicates were made for each saripben each sample, averages
and standard deviations were calculated from tpkceges. These averages were then
compared to the averages calculated from the DupPéok sample. Similarities were
found in many of the samples. In the following &shlthe color code is explained in the
legend by the first table. The first value in tleiis the ring of resistance average
measured in millimeters. The second value in tlis tethat standard deviation for that

average.



In the seagull sample, similarities were foundtirroli andE. faecalis when

tested against tetracycline. BdEhcoli andE. faeclais were sensitive to the antibioti€.

faecalis was also similar

to Dunton Park when

tested against

Seagull Dunton Park
E. coli E. faecalis E. coli E. faecalis
Ampicillin 13.3+/-3.2 21+/-0 20.5+/-2.1
Erythromycin (9.4+/-4.58 18.28+/-7 16.5+/-5.8 20.4+/-10.5
Streptomycin [17+/-6.93 0+/-0 6+/-8.5 8.4+/-14.7
Tetracyline 21.7+/-12.4 25.7+/-6.5 31.17+/-15.7 [30.7+/-15.9
= Sensitive L] Intermediate O Resistant

erythromycin.E. faecalis

had an intermediate resistance to this antibidtiere were also three averages from the

seagull values close to, but not the same as timoDWPark sample in terms of

resistance. These were ampicillin and erythromjairk. coli, as well as streptomycin

for E. faecalis. The seagull sample was most similar to the DuRtark sample.

In the Human sample collected from BPW, similasitie Dunton Park were

found again in botlk. coli andE. faecalis when tested again tetracycline. Both averages

Human Dunton Park

E. coli E. faecalis E. coli E. faecalis
Ampicillin 5.7+/-9.8 33.5+/-3.5 20.5+/-2.1
Erythromycin |6.75+/-5.7 23.8+/-5.07 16.5+/-5.8 20.44+/-10.5
Streptomycin [12.34+/-10.69 [8+/-5.3 6+/-8.5 8.4+/-14.7
Tetracyline 24+/-7.7 28.4+/-2.3 31.17+/-15.7 [30.7+/-15.9

were sensitive to the
antibiotic.E. faecalis was

intermediate in resistance,

like Dunton Park, when tested by streptomycin. €heere also two averages from the

human sample close to, but not the same resistenbeinton Parkk. faecalis resistance

ring averages were, when tested against erythromgiose to the Dunton Park averages.

E. coli averages, when tested against streptomycin, viese t the Dunton Park

averages.

Erythromycin
Streptomycin
Tetracyline

Cow with Antibiotic Dunton Park

E. coli E. faecalis E. coli E. faecalis

16+/-2.63 18+/-5.27 16.5+/-5.8 20.4+/-10.5
12+/-3.1 6+/-8.5 8.4+/-14.7

30+/-2.38 11+/-11.33 31.17+/-15.7 |30.7+/-15.9

In the sample
from the cow that could

have received



Erythromyci

Streptomycin

Tetracyline

Cow without Antibiotic|Dunton Park
E. faecalis E. faecalis

n [16.74+/-13 20.4+4+/-10.5
0+/-0 8.4+/-14.7
19.3+/-15.97 30.7+/-15.9

antibiotics, there were similarities in both

E. coli andE. faecalis when testing them

against erythromycin. Both were intermediate imi&of resistance ring diameter. There

was also a similarity i&. coli when tested against tetracycline and compareditadd

Park.E. faeclais, when tested against streptomycin, was closeg®timton Park sample.

In the cow sample that did not contain antibiotieSaecalis was similar to Dunton Park

when tested against erythromycin as well as tettawy, Streptomycin showed some

similarity as well, but the averages were not cfeesbas the same resistance.

Erythromycin
Streptomycin
Tetracyline

Erythromycin
Streptomycin
Tetracyline

In the duck and chicken samples, there were ndagitres found when

Duck Dunton Park
E. faecalis E. faecalis
31+/-3 20.4+/-10
0+/-0 8.4+/-14.7
15+/-15 30.7+/-15.9
Chicken Dunton Park
E. faecalis E. faecalis
9.2+/-9.4 20.4+/-10.5
6+/-13.4 8.4+/-14.7
7.6+/-10.2 30.7+/-15.9

comparing the different classifications of
resistance. However, when tested against
streptomycin, both samples were close to
the Dunton Park sample in terms of ring of

resistance diameter.

Even though the data seems to point to humansyk®aand cows as being the

main sources of fecal coliforms in Lake Macatawacanclusions can be made. The

standard deviations for these data are usuallydialfe actual average and sometime are

more than the average. Therefore, it is obviousttieadata is not statistically significant.

A guess can be made as to what group contribuéestist feces to Lake Macatawa, but

it cannot be proven.

DISCUSSION

Seagulls, humans, and cows have been the suggestex® ofE. Coli in Lake

Macatawa according to this experiment. Althoughk, @éRperiment does not have enough



evidence to conclude that these are, in fact, the sources. There is reason to believe
that the process used in this experiment can peotkl@ble results with further in-depth
testing. Antibiotic resistance analysis is timesuming which makes it difficult to create
dependable results. It takes time to make agaeglatcubate bacteria, produce pure
cultures of specific bacteria, and test a varidtgrdibiotics on all samples. At minimum,
it takes 6 days to complete this process. Resouftpeds, and time can help produce
dependable results. This project used about 500@ai@s and only tested a few
samples. This experiment needs to be magnified mselg for a future study to be
carried out. Not only will there need to be mogaraplates, but more samples will need
to be collected and tested. If there are more sesripltest, there will be a better
representation of each population which will make tesults more reliable.

It costs about one dollar per culture using aatibiresistance analysis where as
DNA testing costs about sixty to one hundred dslf@r culture. Antibiotic resistance
analysis seems to cost less money, but DNA testikes much less time to receive
dependable results. Both processes have provaovap dependable results with
enough people, time, and money backing the expetifidis trial cannot conclude that
it would be more cost effective than DNA testingdgse it does require resources and
time to find results that will be representativeeath population. Antibiotic resistance
analysis will work with more time allotted.
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