
Detection of Microbial Agents in 
Source and Potable Water Supplies of 

East Central Indiana 

Lissa Smith 
Honors 499 

Dr. Carl Warnes 

BALL STATE UNIVERSITY 
Muncie, IN 

May 2004 
May 8, 2004 



I 

ABSTRACT 

The Environmental Protection Agency included Aeromonas hydrophila and 

Helicobacter pylori on its Contaminant Candidate List. Both bacterial species can 

cause illness and death in humans, and both are suspected of entering public 

drinking water supplies undetected. The EPA Method 1605 was used to detect A. 

hydrophila from all stages of drinking water disinfection. A. hydrophila was detected 

in the raw and filtered stages of drinking water disinfection. The skills gained from 

working with A. hydrophila were then applied to detecting H. pylori from all stages 

of drinking water disinfection as well as from environmental water samples. Hp 

medium was utilized to isolate H. pylori from water samples, and the PCR technique 

was used to confirm the identity of suspected H. pylori colonies. The Hp medium 

produced problems with background contamination, which yielded a failure in 

detecting H. pylori from water samples. Additionally, the peR technique could not 

be optimized for H. pylori, so it also did not generate any positive identifications. 

However, this study did generate many recommendations that could be utilized for 

further studies with H. pylori. 
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INTRODUCTION 

The US EPA published the Contaminant Candidate List in 1998. It identifies 

harmful chemical and biological agents that are not routinely monitored in public 

drinking water supplies. Two of the microorganisms on this list are Aeromonas 

hydrophila and Helicobacter pylori (20). Aeromonas hydrophila is a gram negative rod 

with a single polar flagellum (6) and is often cultured from water and sewage samples (8, 

14). Infection from A. hydrophila can range from mild stomach discomfort to 

gastroenteritis, bacterial endocarditis, wound infections, localized infection of the eyes 

and throat, and systemic infections (15). Helicobacter pylori, on the other hand, is 

classified as a gram negative spiral bacterium with multiple flagella at one pole (1, 6). 

However, H. pylori infections are considerably more serious in that they are associated 

with gastric mucosa-associated lymphoid tissue lymphoma, gastric adenocarcinoma (1,3, 

4,5,6,7,10,11,12,13,18), and are virtually the sole cause of peptic ulcers (7). 

Furthermore, the World Health Organization has classified H. pylori as a Class I 

carcinogen, implying that H. pylori is a definite cause of cancer (11). Current statistics 

suggest that greater than half of the global population is infected with H. pylori (1,5, 11), 

though in some areas of lower drinking water quality or reduced access to clean drinking 

water sources, up to 90% of the population is infected (7). Although most H. pylori 

infections are asymptomatic (5), each year in the US alone over five million people are 

diagnosed with peptic ulcers (7). 

Because of the high incidence of infection, many scientists believe that H. pylori 

transmission occurs through a waterborne route (1, 4, 5, 7, II, 13). Molecular techniques 

and simulation studies have also provided evidence that H. pylori is found and can 
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survive in environmental water samples (1, 4, 7). The controversy arises in that although 

molecular techniques can provide evidence for the presence of H. pylori in environmental 

water samples, no one has reported the ability to directly culture H. pylori from 

environmental water samples. Essentially, it is the direct culture of H. pylori from a water 

sample that will conclusively determine if this is the bacterium's reservoir. 

Many factors can be attributed to the lack of success in culturing H. pylori from 

environmental water samples using conventional microbiological techniques. For 

example, H. pylori requires very specific environmental conditions (3), and even if these 

are provided, H. pylori grows very slowly in comparison to many other bacterial species 

(12,21). The slow growth rate of this organism leads to problems with background 

contamination from other bacterial species when attempting to isolate H. pylori from 

samples containing many other microbial species. Other bacterial species are often able 

to grow several times faster than H. pylori, thereby obscuring any H. pylori growth (7). 

More importantly, H. pylori can exist in a viable but not culturable (VBNC) state. This 

state is characterized by a morphological conversion in which the organism switches 

from a spiral shape to a coccoid form (1, 3, 4, 11). The coccoid form of H. pylori often 

occurs when the organism is experiencing suboptimal growing conditions. In addition, 

this particular morphological form of the organism will not grow in the artificial 

conditions of the laboratory, although the organism still retains its ability to infect. 

Studies have shown that once optimal conditions are restored, the organism is able to 

convert back to its culturable spiral shaped morphology (1, 3). 

One study was able to demonstrate that not only can H. pylori survive in 

freshwater aquatic environments, but viability is maintained even when culturability is 
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not. Adams etal (I) used commercially obtained H. pylori cultures from the American 

Type Culture Collection (ATCC) in a simulation study to demonstrate that this bacterium 

can exist and remain viable for a significant period of time in freshwater aquatic 

environments. Autoclaved and filter sterilized environmental water samples were 

inoculated with H. pylori, which were then placed into membrane diffusion chambers. 

The membrane diffusion chambers allowed the H. pylori cultures to come into contact 

with the environmental conditions of a stream (temperature, dissolved oxygen, pH, etc.), 

without contaminating the cultures. Samples from the membrane diffusion chambers 

were plated on Brucella agar in various time increments to test for culturability. Viability, 

on the other hand, was detected using the LIVEIDEAD BacLight kit, which differentiates 

between live organisms (those with intact cell membranes) and dead ones. The 

researchers found that H. pylori remained culturable for up to ten days of exposure to the 

freshwater aquatic environment. However, viability was confirmed even after 

culturability was lost (1). This clearly demonstrates that H. pylori may retain its 

pathogenic ability, even when it will not grow on a culture media. 

On the other hand, Hegarty etal (11) utilized a fluorescent antibody staining 

molecular technique to detect actively respiring H. pylori in well water samples. This 

study concluded that actively respiring H. pylori were present in the majority of the water 

samples tested. It was also concluded that H. pylori occurs in freshwater aquatic 

environments independently of E. coli (11), which is the traditional indicator organism 

for water quality (2). This leads us to even more heightened concerns in terms of water 

quality. Because H. pylori has thus far eluded culture from water samples, its presence in 

drinking water may be overlooked. In addition, H. pylori has been shown to be more 



resistant to chlorination (the most commonly utilized method in drinking water 

disinfection) than is E. coli. This signifies that in cases where E. coli is not detected in 

drinking water due to adequate disinfection levels as determined by the absence of this 

organism, H. pylori may still be present in the system (5). 
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The closest anyone has come to a direct culture of H. pylori from environmental 

water samples was a study done by Lu etal (13). The presence of H. pylori was confirmed 

by concentrating potential H. pylori cells in wastewater samples using immunomagnetic 

separation. This technique employs microscopic beads that are coated in H. pylori 

antibodies. The beads were mixed with a water sample, which caused any H. pylori cells 

to attach to the beads. The cells were washed off ofthe beads and plated onto a Columbia 

agar medium. This study demonstrated that H. pylori is present in waters (located in 

Mexico) that are heavily contaminated with sewage and utilized by a population in which 

74% are infected with H. pylori (13). However, these conditions are somewhat different 

than in the US where potable water quality is much better than in third world countries 

(7). 

The focus of this research project was to detect from various water samples two 

different microorganisms that are present on the EP As Contaminant Candidate List. 

Aeromonas hydrophila proved to be less of a challenge in that conventional 

microbiological techniques are firmly established to isolate this organism. This phase of 

my research served to introduce me to the field of Aquatic Microbiology and the basic 

microbiological techniques that are commonly used in this field. I assisted a Graduate 

student, Amy Kanuchok, with her Master's Thesis by collecting water samples from the 

Indiana-American Water Company (Muncie, IN) and isolating A. hydrophila cultures 



from the samples. The skills gained on studies with A. hydrophila were applied to 

culturing H. pylori directly from environmental water samples. Furthermore, I was also 

able to gain experience with PCR (Polymerase Chain Reaction), a molecular technique 

that has many practical applications in the field of Microbiology. From the results of my 

research, I want to make recommendations in terms of the quality of our local drinking 

water, as well as design a cost effective protocol for the isolation of H. pylori from 

environmental water samples. 

5 
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METHODS 

Sample Collection and Processing. Samples were collected from the four stages of 

drinking water disinfection (raw water intake, settled, filtered, and plant effluent) at the 

Indiana-American Water Company. All water samples were collected in autoc1aved 

plastic containers with tightly fitting lids approximately one liter in size. One ml of 3% 

Sodium Thiosulfate was added to chlorinated samples (settled, filtered and plant effluent 

stages). Water samples were then processed through a sterile 0.45 11m membrane filter in 

aliquots of 3.5 x 102 ml to 103 ml for the settled, filtered, or plant effluent samples, or in 

10-2 ml to 101 ml aliquots of the source water samples. The membrane filter was then 

aseptically placed on the appropriate medium. A. hydrophila growth was examined after a 

24 hour incubation at 3TC in aerobic conditions. H. pylori growth was examined after a 

48-96 hour incubation period at 3TC in anaerobic (GasPak, Becton Dickinson) or 

microaerophilic (CampyPak Plus, Becton Dickinson) conditions. 

Water samples for the enumeration of A. hydrophila were collected approximately 

every week over the course of the 2002 Spring and Fall semesters (January-May and 

August-December). The raw water intake (drawn from the White River), settled, filtered, 

and plant effluent (public drinking water provided to the citizens of Muncie, IN) stages of 

the Indiana-American Water Company were all consistently tested for the presence of A. 

hydrophila. 

Water samples were collected periodically from the same four stages ofthe 

drinking water disinfection process and tested for the presence of H. pylori from June of 

2003 to March of2004. In addition, four different environmental water samples were 

collected on a weekly basis during October of2003 for a total of five weeks of sample 



collections. The environmental water samples were taken from Prairie Creek, the Ball 

State University Duck Pond, a creek that runs through the Ball State University campus 

(next to the Health Center), and the White River. 
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Isolation and Identification of A. hydrophila and H. pylori. The EPA Method 

1605 and API 20E strips (Biomerieux) were employed to identify potential A. hydrophila 

isolates. Water samples were processed onto a selective medium known as Ampicillin

Dextrin Agar (ADA), which can be supplemented with the antibiotic Vancomycin for 

additional selectivity (ADA-V). A. hydrophila growth was tentatively identified by 

yellow colonies that produced the acidic pH reaction on the medium, which was 

identified as a yellow halo surrounding the colony on the normally blue medium (9). 

Those colonies were then streaked for isolation on Tryptic Soy Agar (TSA). Isolated 

colonies underwent the identification process in which either the EPA Method 1605 (19) 

or API 20E strips were used to conclusively determine whether or not the growth was A. 

hydrophila. According to the EPA Method 1605, if a culture produces the appropriate pH 

reaction on ADA medium and is also positive for the presence of cytochrome c (oxidase 

reagent droppers, Becton Dickinson), production of indol, and fermentation of trehalose, 

then the bacteria can be identified as A. hydrophila. 

API 20E strips, on the other hand, utilize a series of twenty-one biochemical tests. 

The positive or negative result of each individual test are combined into groups of three. 

Each grouping is assigned a number between zero and seven, depending on the 

combination of positive and negative results, which leads to a final seven-digit number. 

This number can be looked up in the Analytical Profile Index to determine the identity of 



the organism. Positively identified A. hydrophila isolates were then given to Ms. 

Kanuchok for PCR analysis. 

Water samples were similarly processed onto Helicobacter pylori medium (Hp 

medium) to concentrate any H. pylori cells from the water samples. Hp medium is a 

newly developed culture medium specially designed for the isolation of H. pylori from 

enviromnental water samples. Hp medium contains relatively high amounts of five 

different antibiotics (Vancomycin, Amphotericin, Cefsulodin, Trimethoprim, and 

Polymixin B) to prevent overgrowth from non-H. pylori organisms. Positive H. pylori 

growth gave a clear colony color and a pH reaction characterized by a red halo 

surrounding the colony on the normally yellow Hp medium (7). 
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PCR Analysis of Potential H. pylori Growth. The PCR technique is a method 

that mixes nucleic acid from the organism in question with primers and other materials 

that support and/or catalyze the reaction. Primers are short sequences of DNA or RNA, 

which are specifically designed to match up only with the nucleic acid of the organism in 

question. The PCR mixture of nucleic acid, primers, dNTPs, buffers to support the 

reaction, and Taq polymerase to catalyze the reaction are put into a thermocycler. The 

thermocycler heats the PCR mixture to denature the DNA into separate strands and then 

cools it down so that the primers, which are in great excess to the amount of DNA, can 

anneal with the DNA if the sequences match up. This occurs in several cycles to promote 

primer annealing with the DNA. The products of the PCR reaction are then 

electrophoresed, or separated through an agarose gel by an electrical current. The DNA

primer product produces a band in the gel of a particular base pair (bp) length if the DNA 



is bound with the primer(s). A DNA ladder is also run through the gel, which generates 

several bands of known bp lengths for comparison to the experimental band (16). 

DNA was isolated from cells using the DNeasy Tissue Kit (Qiagen). The PCR 

mixture was composed of6 III ofMgCb containing buffer, 5 III ofMgClz free buffer, 2 
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III of each of the four deoxynucleotides (dNTPs), 2.5 III of each ofthe primers, 5 III of the 

DNA extraction sample, 0.5 III of Taq polymerase, and 20.5 III of nuclease free water to 

bring the final reaction volume to 50 Ill. These amounts correspond to final reaction 

concentrations of 1.5 mM ofMgCb containing buffer, 20 mM ofMgCb free buffer, 0.2 

mM of each ofthe four deoxynucleotides, 0.5 11M of each of the primers, 25 ng of the 

isolated DNA, and 2.5 U of Taq polymerase (10). The primer sequences used in the PCR 

analysis were as follows: the Hpl sequence was 5' GCAATCAGCGTCAGTAATGTTC 

3' and the Hp2 sequence was 5' GCTAAGAGATCAGCCTATGTCC 3' (Integrated 

DNA Technologies) (13). The reaction mixtures were then amplified using the following 

cycle in a Perkins Elmer Thermocycler: DNA denaturation for 2 minutes at 94°C, 

followed by 40 amplification cycles of 94°C for 45 seconds, 55°C for 45 seconds, and 

noc for 1 minute, as well as a 7 minute final hold at noc (13). The results were then 

electrophoresed for approximately two hours in a 2% agarose gel using an Ethidium 

Bromide running buffer. Positive results were indicated by a 520 bp fragment on the 

agarose gel (13). Positive controls were H. pylori strain 43504 (Bactibug Helicobacter 

pylori Set, Remel) and H. pylori strain 49503 (American Type Culture Collection), and 

the negative control was E. coli. 
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RESULTS 

Out of all of the samples collected, 834 possible A. hydrophila were counted out 

of 4399 total countable colonies. Countable colonies consisted of those that were 

relatively separate from other surrounding colonies so that individual colonies could be 

distinguished. Table 1 (See Appendix A) gives the number of collections, the number of 

possible A. hydrophila colonies (based on colonial morphology on the ADA medium), 

and the number of total colonies (A. hydrophila and all other species that grew on the 

ADA medium) counted between each ofthe four stages. In addition, the A. hydrophila 

average number of colony forming units per ml (CFU/ml) was calculated for each stage 

of drinking water disinfection. 

Figure I (See Appendix B) gives the average CFU/ml, which includes both A. 

hydrophila and non-A. hydrophila species, for each of the raw water intake samples 

collected during the Spring 2002 semester. Figure 2 (See Appendix B) gives the average 

CFU/ml, which also includes both A. hydrophila and non-A. hydrophila species, for each 

of the raw water intake samples collected during the Fall 2002 semester. 

API 20E strips were used throughout much ofthe sampling period to identify 

possible A. hydrophila cultures. Because the API 20E strips are much more expensive 

than are the materials used in the EPA Method 1605, many more A. hydrophila colonies 

were confirmed using the EPA Method 1605. Out of fourteen colonies that were 

identified by API 20E strips, thirteen were confirmed to be A. hydrophila. Table 2 (See 

Appendix A) gives the date and stage from which the culture was collected, the API 20E 

strip number, and the degree of classification. 
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Of the 196 possible A. hydrophila colonies that were isolated off of the ADA 

medium, 86 were confirmed to be A. hydrophila using the EPA Method 1605. The EPA 

Method 1605 was utilized only for the last eight collections out of thirty total collections, 

yet significantly more cultures were confirmed to be A. hydrophila than with API 20E 

strips because of the cost effectiveness of the method. 

One hundred fifteen possible H. pylori colonies were counted out of 4181 total 

countable colonies that grew on the Hp medium. Table 3 (See Appendix A) gives the 

water sample collection sites, the number of possible H. pylori colonies (based on 

colonial morphology on Hp medium), the total number of colonies (including both 

potential H. pylori and all other species that produced growth on the Hp medium), and 

the average number of CFU/ml, which includes both suspected H. pylori growth and non

H. pylori growth, from each site that was sampled. 

Figure 3 (See Appendix B) gives the total CFU/ml, including H. pylori and non

H. pylori species that grew from the raw water intake samples. Figure 4 (See Appendix 

B) gives the total CFU/ml, including H. pylori and non-H. pylori species that grew from 

the four additional environmental water samples as well as the raw water intake samples 

collected during October of2003. Although a total of five collections were taken from 

each site, the October 15th and October 29th collections resulted in non-countable heavy 

bacterial growth in each the sample dilutions. In addition, samples could not be taken 

from the Ball State University Duck Pond site on the October 15th collection date due to a 

fish kill. A total of 115 possible H. pylori colonies grew from the seventy-two water 

samples collected between June of2003 and March of2004. Sixty-two colonies could be 

reasonably isolated from the plates and were streaked for isolation on Hp medium. 



However, only ten of the colonies produced the red color indicative of a proper pH 

reaction. 
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The PCR technique was utilized to conclusively determine the identity of our 

cultures. Four PCR reactions were performed on just the positive and negative controls. 

However, the positive controls did not produce any bands in the gel, which indicates that 

some ofthe reaction conditions were not optimized for H. pylori. Unfortunately, time 

constraints prevented optimization ofthe reaction. 
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CONCLUSIONS 

It is expected that the plant effluent samples would not have any bacterial growth. 

Over the course of the research, only two bacterial colonies grew up on the ADA medium 

from plant effluent (drinking water) samples. Colonial morphology determined that 

neither colony was A. hydrophila. One colony was tentatively identified as a Bacillus 

species based on colonial morphology on TSA, and the other colony gave inconclusive 

API ZOE strip results. This demonstrates that drinking water is being properly disinfected 

at the Indiana-American Water Company. However, the presence of A. hydrophila was 

detected in the filtered stage of drinking water disinfection. This stage occurs just prior to 

an additional chlorination before the water is made available for public consumption. 

Additionally, the higher presence of A. hydrophila in the filtered stage rather than in the 

settled stage also suggests that a biofilm containing A. hydrophila cells is being 

maintained within the drinking water disinfection process. This suggests that if a 

disinfection break occurs in the system, A. hydrophila could possibly establish itself in 

the biofilm of water pipes that distribute drinking water to Muncie residents. Finally, the 

presence of A. hydrophila in environmental water samples was also confirmed. This was 

an anticipated result because A. hydrophila is commonly found in water samples. These 

results conclude that monitoring should be continued for the presence of A. hydrophila in 

water supplies made available for public consumption. 

The Hp medium is a highly selective culture medium that is designed to isolate 

only H. pylori cells from environmental water samples. However, many of the cultures 

were completely overgrown with bacteria obviously not H. pylori in origin because the 

proper pH reaction was not generated (7). This became clearly evident once the total 
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number of colonies (4181 colonies, including both non-H. pylori and possible H. pylori 

species) were compared to the number of possible H. pylori colonies (115 colonies). 

Background contamination also occurred on the ADA medium, but not to the inhibitory 

degree as with the Hp medium. In addition, only half ofthe possible H. pylori colonies 

were isolated enough to restreak onto Hp medium. Of these colonies, only ten may 

actually be H. pylori. However, when the positive control H. pylori strains were grown up 

on the Hp medium, they produced the proper pH reaction, but individual colonies were 

not observed after a week or more of growth. Those colonies that resulted from the water 

samples were observed after only a 48-72 hour growing period. This indicates that even 

though some of the colonies gave the colonial characteristics expected of H. pylori, it is 

highly likely that they are not actually H. pylori. The Hp medium must be optimized for 

faster H. pylori growth and antibiotic levels should be increased to prevent other 

microorganisms from obscuring H. pylori growth. Furthermore, both ofthe positive 

control H. pylori strains were maintained and grew individual colonies very well on TSA 

enriched with 5% difibrinated sheep's blood. This is not a selective medium, so it is not 

suitable for isolating H. pylori cells from samples containing other microbes. 

Nevertheless, the better growth that was obtained on TSA enriched with 5% defibrinated 

sheep's blood again indicates that the selective Hp medium must be optimized for better 

results. 

Another problem that arose during the research project was that only GasPaks 

were available during the majority ofthis project to generate a non-aerobic enviromnent. 

H. pylori is a microaerophilic organism that requires a lower level of oxygen than is 

normally present in atmospheric conditions, but do not grow well in completely 
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anaerobic conditions (4). Enhanced H. pylori growth was not observed when an 

environmental water sample was plated on the Hp medium and incubated in a 

microaerophilic environment generated by the CampyPak Plus envelope. In addition, the 

background contamination problem was still observed when the samples were incubated 

in the proper atmosphere. 

Finally, the PCR technique also needs to be optimized for analysis with H. pylori. 

No results were obtained from the positive controls, so PCR was not attempted with 

environmental isolates. There are many possibilities why the reaction did not work with 

the positive control strains. For example, the DNA isolation kit may not have properly 

isolated DNA from the H. pylori cells. Additionally, the reaction mixture and 

composition was devised from a combination of a standard reaction mixture (16) and one 

used for H. pylori (10). PCR with H. pylori may necessitate additional components or 

different concentrations ofthe reagents for the proper PCR reaction to occur. Finally, the 

amplification of the products may need to be altered. This can be accomplished by simply 

adjusting the number of amplification cycles, the temperatures, or the length of time used 

for DNA denaturation or primer annealing on the thermocycler. Two series of 40 

amplification cycles consisting of 94°C for 45 seconds, 55°C for 45 seconds, and noc 

for 1 minute were attempted. However, the added amplification cycles did not solve the 

problem. 

In conclusion, it is important that the reservoir and presence of this H. pylori is 

established in our water supplies. Because of its negative impact on human health, cost 

effective methods must be developed so that large scale screening for the presence of this 

organism in our public drinking and recreational water supplies can be determined. 



16 

Culture media tend to be very inexpensive in comparison to the materials and equipment 

necessary for molecular techniques. Molecular techniques also require lots of training, 

and expertise only comes from practice. Unfortunately, this is a luxury that many water 

companies and public utility providers cannot afford. 
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RECOMMENDATIONS FOR DETECTING HEllCOBACTER PYLORI FROM 

ENVIRONMENTAL WATER SAMPLES 

Though I was not able to isolate H. pylori from environmental water samples, and 

thereby was not successful in definitively determining the reservoir of the organism using 

the Hp medium, I was able to attempt some of the techniques that are currently being 

used and developed for this purpose. This area of research has had many new 

developments since I planned and implemented my own project. I believe that I have 

effectively concluded my research project by developing the following protocol, which 

may be the key to conclusively providing H. pylori'S mode of transmission. 

H. pylori is a very fastidious organism (6), especially when attempting to grow it 

in the artificial conditions of the laboratory. Therefore, the optimal isolation medium and 

growing conditions must be precisely identified for isolation of H. pylori from water 

samples. My research utilized the newly developed Hp medium, which I found to be very 

ineffective in its original formulation. The considerable background contamination 

problem could be partially (or fully) solved by increasing the levels of antibiotics in the 

medium. H. pylori has a relatively high resistance to a wide variety of antibiotics in 

comparison to most other microorganisms (7). It is also important to point out that when 

Degnan etal (7) developed the Hp medium, they spiked well water samples containing 

other commonly occurring microbes with commercially obtained H. pylori strains. 

Additionally, they apparently did not attempt to isolate H. pylori from actual 

environmental water samples (7). 

Andersen etal (3) demonstrated that H. pylori will not grow without a source of 

Mg2+, and also demonstrated that growth was enhanced by the presence of other trace 

metals such as Cu2+, Zn2+, Fe2+, and Mn2+ (3). Hp medium does not contain any of these 
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materials except for the Fe2
+, which is provided by the iron supplemented calf serum (7). 

Unfortunately, Andersen etal (3) only tested their broth medium with known H pylori 

strains obtained from the ATCC; no clinical or environmental isolates were utilized in 

their research (3). 

An alternative to the Hp medium could be to use TSA or Columbia agar 

supplemented with 5% defibrinated sheep's blood. Both the ATCC H pylori culture and 

Remel's Bactibug H pylori pellets produced adequate growth and visible colonies on the 

TSA with 5% defibrinated sheep's blood within 5-7 days. However, this medium must be 

supplemented with relatively high levels of antibiotics if it is to be used for the isolation 

of H pylori from environmental water samples (7). Other components to enhance faster 

H pylori growth, such as the trace elements (3), can also be incorporated into the 

medium quite easily. Future work should include determining the appropriate 

concentrations of all of the components of the medium, as well as optimizing the 

antibiotic levels to inhibit background contamination without affecting H pylori growth. 

Along with a culture medium containing the appropriate components, H pylori 

also requires very specific growing conditions. The vast majority ofthe samples were 

grown in an anaerobic environment generated by a GasPak envelope. H pylori will not 

grow in the presence of atmospheric levels of oxygen, but a complete lack of oxygen also 

does not provide an optimal growing environment. CampyPak Plus envelopes were 

obtained once funds allowed for this purchase. Although a few ofthe last samples were 

incubated in the appropriate microaerophilic environment, there was no significant 

increase in the number of possible H pylori colonies. Likewise, there was also no 

significant decrease in the numbers of non-H pylori colonies. Azevedo etal (4) explored 
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the impact of two different methods commonly used to generate a microaerophilic 

environment on the growth of H pylori. The first method included the use of a Modular 

Atmosphere-Controlled System (MACS) workstation. The advantage ofthis system is 

that the user can adjust the relative concentrations of oxygen, carbon dioxide, and 

hydrogen instantaneously. On the other hand, it takes approximately thirty minutes for 

gas generating envelopes such as the CampyPak Plus to attain the proper microaerophilic 

atmosphere (4). This can have a large impact on the growth of H pylori because this 

organism is particularly vulnerable to the higher concentration of atmospheric oxygen 

(17). Unfortunately, the MACS workstation comes with a high price tag that many 

researchers cannot afford (4). 

Azevedo etal (4) also suggested that environmental isolates of H pylori may 

suffer from "nutrient shock" when they are plated from the nutrient depleted aquatic 

environment onto a nutrient rich culture medium, resulting in a lack of culturability. 

Columbia agar, Wilkins-Chalgren Agar, and Helicobacter pylori Special Peptone Agar 

were each tested at full and half strength. H pylori cultures were grown in autoc1aved tap 

water for 24 hours to simulate the nutrient poor conditions in environmental water 

samples. Each medium produced significantly higher rates of H pylori recovery at half 

strength, rather than at the typically used full strength (4). Lastly, other researchers have 

also noticed that high levels of humidity (99-100%) results in better recovery of H pylori 

(17,21). My recommendations are to determine the media components resulting in the 

fastest growth, test various levels of antibiotics to verify the optimum concentration of 

each, and incubate the cultures using CampyPak Plus envelopes at 100% humidity. 
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Once the appropriate culture conditions have been established for the detection of 

H. pylori from environmental water samples, another method must be utilized to 

conclusively confirm the identity of the collected cultures. I attempted to use the PCR 

technique, which can provide highly sensitive and specific results. However, I was not 

able to optimize the reaction specifically for H pylori. Optimization can be achieved by 

simply altering the concentrations of the reagents one at a time until the desired results 

are obtained. Other factors such as the amplification cycle can also be easily optimized 

by adjusting the program on the thermocycler. The optimization process can be rather 

time consuming, but there are commercially available kits to make the process less time 

consuming. Molecular techniques other than PCR, such as Fluorescent Antibody 

Staining, can also be utilized for this purpose. The combination of an optimized medium, 

proper incubation conditions, and a highly specific molecular technique is the most 

logical and cost effective process that may likely conclude in determining the reservoir of 

Hpylori. 
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ApPENDIX A: TABLES 1-3 



Table 1: Spring 2002 and Fall 2002 Collection Resnlts from Each Stage of Drinking 
Water Disinfection Showing Possible A. hydrophila Colony Counts, Total Colony 

Counts Including Both A. hydrophila and non-A. hydrophila Species, and A. 
h d h·l Ttl C IF· U·t I e ~y, ropll a o a o ony ormmg 1lI sm. 

Stage # of Collections Possible A. h. Total Colonies Avg. CFU/ml" 
Raw Intake 21 653 3121 30.8 

Settled 30 3 491 <1 
Filtered 30 178 785 <1 

Plant Effluent 27 0 2 0 
CFU/ml were calculated usmg the equanon [(Total Colomes x DIlutIOn Factor)/ml]. 

Table 2: API 20E Strip Identifications of A. hydrophila Cultures Collected From 
E h St f D . k· W t D·· ~ f ac age 0 rm mg a er Ism ec Ion. 

Date Stage API Stril! # Degree of Classification 
02/18/02 Raw Intake Not recorded Excellent A. hydrophila 
04/15102 Filtered 7047125 Excellent A. hydrophila 
04/22/02 Filtered 7047125 Excellent A. hydrophila 
04/22/02 Filtered 7047125 Excellent A. hydrophila 
04/22/02 Filtered 7047126 Excellent A. hydrophila 
09/04/02 Raw Intake 7047124 Good A. hydrophila 
09104/02 Filtered 3046124 Excellent A. hydropila 
09/09/02 Filtered 7047125 Excellent A. hydrophila 
09/16/02 Raw Intake 0000004 Inconclusive 
09/16/02 Filtered 7047124 Excellent A. hydrophila 
09/23/02 Raw Intake 7247124 Excellent A. hydrophila 
09123/02 Filtered 7247124 Excellent A. hydrophila 
10102/02 Raw Intake 7247124 Excellent A. hydrophila 
10107/02 Filtered 7047125 Excellent A. hydrophila 

Table 3: June 2003 to March 2004 Sample Collection Results Showing Possible H. 
pylori Colony Counts, Total Colony Counts Including Both H. pylori and non-H. 
pylori Species, and Average CFU/ml Including Both H. pylori and non-H. pylori 

S . P d d f E h fth S r S·t ipecles ro uce rom ac 0 e amplIng I es. 
Site # of Collections Possible H.I!.. Total Colonies CFU/ml 

Raw Intake 17 100 2238 21 
Settled 12 0 19 <1 
Filtered 12 2 221 <1 

Plant Effluent 12 0 0 0 
BSU Creek 5 3 702 155 

BSU Duck Pond 4 1 277 35 
Prairie Creek 5 6 357 15 
White River 5 3 367 19 



ApPENDIX B: FIGURES 1-4 
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Figure 1: Spring 2002 Raw Water Intake Total 
CFU/ml Including Both A. hydrophila and non-A. 
hydrophila Growth Produced on ADA Medium. 
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Figure 2: Fall 2002 Raw Water Intake Total CFU/ml 
Including Both A. hydrophi/a and non-A. 

hydrophila Growth Produced on ADA Medium. 
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Figure 3: Raw Water Intake Total CFU/mllncluding Both Suspected H. 
pylori Growth and non-H. pylori Growth Produced on Hp Medium. 
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Figure 4: Total CFU/ml on Hp Medium from Environmental Water Samples 
Including Both Suspected H. pylori Growth and non-H. pylori Growth. 
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