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The increasing use of antibiotics both in agriculture and medicine has led to a 
surge of antibiotic-resistant bacteria. Such widespread antibiotic resistance undermines 
current antimicrobial treatments, making bacterial diseases in both humans and livestock 
more difficult to treat. In this study, bacterial strains were isolated from surface water 
samples collected upstream and downstream from two Holland-area farms: a dairy farm 

) and a hog farm. After isolation and identification of the bacteria, antibiotic resistance 
was assessed using the Kirby-Bauer disk diffusion method. Resistance was assessed for 
three common antibiotics that are used to treat both human and livestock diseases: 
amoxicillin, penicillin, and tetracycline. At the dairy locality, strains of Enterobacter 
agglomerans isolated downstream of the farm were significantly more resistant to all 
three antibiotics than were strains isolated upstream. At the hog farm locality, the 
isolated downstream strains of E. agglomerans were significantly more resistant to 
tetracycline than were the upstream strains. These results suggest that the farming 
operations may be impacting the resistance of environmental bacteria to the antibiotics in 
question via antibiotic runoff. However, no strong conclusions can be made based on the 
very small samples sizes used in this study. Isolated strains of Shigella sp. from both the 
dairy and hog farm localities demonstrated greater resistance upstream than downstream, 
contrary to what was expected. Discrepancies in the results for this species are likely due 
to the inconsistent behavior of Shigella sp. in the laboratory .. 

Introduction and Background 

Every year, over 8 million kg of antibiotics are administered to farm animals in 

the U.S. agrifood industry primarily to both treat bacterial diseases and enhance growth 

) of livestock by keeping bacteria levels below disease thresholds (Khachatourians 1998, 
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Mlot 2000). Up to 80% of administered antibiotics pass through the animals unchanged 

resulting in high amounts of antibiotics entering the environment via animal feces (Levy 

1992), encouraging the development of antibiotic-resistant strains ofbacteria (Haapapuro 

1997, Mathew 1998). This, combined with widespread use of antibiotics in the human 

medical realm, has lead to increasing occurrences of antibiotic resistance in bacterial 

strains (Bren 2001, Khachatourians 1998, Nierenberg 2001 ). 

Antibiotic resistance arises as a result of spontaneous genetic mutations that allow 

bacteria to block the effects of antibiotics. Though it has been less than one-hundred 

years since the discovery of penicillin ushered in the antimicrobial era, antibiotic 

resistance is not a new phenomenon. Ice cores from the Canadian Arctic dating back 

more than two-thousand years have been found to include bacteria that display antibiotic 

) resistance (White 2000). However, since the discovery of antibiotics , resistant strains of 

bacteria have become more widespread due to natural selection favoring those strains 

when antibiotics are present in the environment. Resistance can also be transferred both 

within and between bacterial populations, further increasing the spread of antibiotic 

resistance. Within a species, resistance can spread through cell division in which 

daughter cells inherit the genetic traits of the parent cell. Between species, resistance can 

spread via lateral gene transfer, in which viruses transfer resistance genes from one cell to 

another (Khachatourians 1998, Levy 1998, Mlot 2000, Rhodes et al. 2000). Resistance 

can also be spread when bacteria die and begin to disintegrate, and live bacteria scavenge 

pieces of DNA that bear genes coding for resistance, thereby becoming resistant 

themselves (Levy 1998). 

) 
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Recent research on bacterial colonies has demonstrated the potential of antibiotic-

resistant bacteria on farms to disseminate throughout the food chain (Bren 2001, Chee-

Sanford et al. 2001, Khachatourians 1998, McKellar 1999, Rhodes et al. 2000, Schmidt 

et al. 2000) (Fig. 1). In the 2001 study conducted by Chee-Sanford et al., indicators of 

antibiotic-resistant bacteria were found in groundwater as far as 250 m downstream of 

swine waste lagoons, increasing the risk of human exposure to antibiotic-resistant 

pathogens (Bren 2001, Coghlan 1997). Thus, farms, a potential source of antibiotic 

efflux into the environment could contribute to growing antibiotic resistance in bacteria, 

making it more difficult to treat bacterial diseases with conventional antibiotic drugs and 

undermining our current arsenal of drugs available to treat microbial diseases (Dobb 

2000, Nierenberg 2001 ). 

Antibiotics 
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antibiotic-resistant 
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water 

Irrigation of 
vegetable 

crops 

Humans Hospitals 

Figure 1: Potential paths of antibiotic resistance spread from agricultural sources (Khachatourians 1998) 
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This study sought to investigate if the same species of bacteria were more 

resistant to selected antibiotics downstream than upstream of two Holland-area farming 

operations. If an increase in resistance to antibiotics in bacteria was observed 

downstream, it could suggest that the farms may be influencing antibiotic resistance in 

environmental bacteria through antibiotic runoff (Chee-Sanford et al. 2001). The two 

farming operations investigated were a dairy farm and a hog farm, each with a stream 

passing through or adjacent to the property that appeared to catch the runoff from the 

respective farms (Appendix A). 

Two genera of bacteria were identified in both the upstream and downstream 

samples at both the dairy and hog farm localities and thus became the bacteria tested for 

antibiotic resistance. One bacteria used in this study was Enterobacter agglomerans, a 

Gram-negative, rod-shaped bacteria. This bacteria is an opportunistic human pathogen, 

most often affecting people with weakened or under-developed immune systems, such as 

the elderly, the very young, and those with immune-deficient diseases (Alcomo 2001). It 

is non-pathogenic toward cattle and hogs (Busman personal communication, Kober 

personal communication). The other bacteria identified and utilized was Shigella sp., a 

small, Gram-negative, rod-shaped bacteria. Shigella sp. is a human pathogen, most often 

causing Shigellosis, previously known as bacterial dysentery. It can cause mild diarrhea 

to severe and occasionally fatal dysentery. Contracted by ingesting contaminated foods 

or water, there are about 25,000 cases reported annually in the United States (Alcomo 

2001). Like E. agglomerans, Shigella sp. is non-pathogenic toward cattle and hogs 

(Busman personal communication, Kober personal communication). 
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The three antibiotics utilized in this study-amoxicillin, penicillin, and 

tetracycline-are common treatments for both human and livestock ailments. Amoxicillin 

is used in humans to treat both Gram-positive and Gram-negative bacteria. A chemical 

relative of ampicillin, amoxicillin is primarily used for treatment of urinary and 

Streptococcus infections in humans (Alcomo 2001). In cattle, it is used to treat mastitis, a 

mammary gland infection (Busman personal communication), while hogs are 

administered the antibiotic for the treatment ofrespiratory diseases (Kober personal 

communication). Pencillin is most effective in human Gram-positive and a few Gram.

negative pathogenic bacteria. It is often prescribed for the treatment of pneumonia as 

well as Streptococcus and Staphylococcus infections (Alcomo 2001). Penicillin is 

administered to cattle to treat metritis, an infection of the uterus post-calving (Busman 

) personal communication), and to hogs for prevention of naval infection in newborns 

(Kober personal communication). Tetracycline is effective in humans against a wide 

range of Gram-negative pathogenic bacteria. It is used to treat pneumonia, anthrax, 

cholera, dysentery (often cause by Shigella sp. ), acne, and STDs among other ~ents 

(Alco mo 2001 ). Veterinarians prescribe tetracycline to cattle to treat metritis, 

pneumonia, lameness, and for use as a topical foot spray (Busman personal 

communication). Hogs often are given tetracycline through their food to fight off 

respiratory diseases (Kober personal communication). 
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) Methods 

Collection and Isolation 

Water samples were collected in mid-October at the upstream and downstream 

sites of the dairy farm and hog farm localities. Sterilized centrifuge tubes were used for 

the collection and were rinsed with the stream water several times before the sample was 

taken. 

Serial dilutions of 1/10 and 1/100 were made from the water samples using sterile 

saline solution. Bacterial colonies were cultured from the dilutions by spreading 100 µL 

of the solutions on nutrient agar plates using aseptic technique and incubated at 37°C for 

24 hours. After incubation, bacterial colonies that were spatially separated from other 

colonies were isolated, cultured on fresh nutrient agar, and incubated again for 24 hours 

at 3 7°C. This process was repeated until each agar plate contained only one species of 

bacteria. 

Identification 

Following standard laboratory protocol, various microbiological tests and staining 

procedures were conducted to determine the identities of the 53 isolated colonies. The 

first test performed was the Gram-stain test, which divided the bacteria into Gram

positive or Gram-negative species (Appendix A). The identification of the Gram

negative bacteria was carried out by utilizing BBL® Enterotube™ II systems (Becton 

Dickinson, Sparks, MD). The following tests were conducted using the enterotubes: 

glucose, lysine, ornithine, H2S, indole, adonitol, lactose, arabinose, sorbito~ Voges

Proskauer, dulcitol, phenylalanine, Harnstoffurea, and citrate. Based on the combination 
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) of positive results from these tests, the Gram-negative bacteria were identified. The 

Gram-positive bacteria were identified through a series of further tests including acid-fast 

staining, catalase, endospore staining, coagulase, motility (Appendix B). 

Only two bacterial species were found in common at all four sampling sites, 

Gram-negative E. agglomerans and Shigella sp. At the dairy locality, two downstream 

colonies and four upstream colonies of E. agglomerans were identified while one 

upstream colony and one downstrean1 colony of Shigella sp. were identified. One colony 

of E. agglomerans was identified from both the upstream and downstream sites at the hog 

farm locality and two upstream colonies and one downstream colony of Shigella were 

identified. 

Resistance Testing 

) Antibiotic resistance was tested using the Kirby-Bauer method (Bauer et al. 1966, 

Mathew 1998, Norrell et al. 1994). TI1e identified bacteria colonies were cultured in 

nutrient broth for several days and aerated to stimulate growth. The cultures were then 

diluted in sterile saline solution to a turbidity equal to the 0.5 McFarland standard 

(Norrell et al. 1994). Each standardized inoculum was aseptically swabbed onto a 

Mueller-Hinton agar plate to create a "lawn" of bacteria. Seven replicates of each 

bacterial isolate were established. After letting the plates stand for five minutes, 4 mm 

paper disks impregnated with tetracycline, penicillin, or amoxicillin were placed on the 

cultured lawns. The plates were divided into four quadrants, three containing antibiotic 

disks and the fourth acting as a control. The inoculated bacteria were incubated at 37°C 

for 18 hours. The zones of inhibition, the area between the edge of the antibiotic disks 

and the closest bacterial growth, were measured twice and averaged. The results for each 
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) isolate were then compiled to determine a mean inhibition zone width for the respective 

antibiotics. 

Data Analysis 

The inhibition zone width data was analyzed both qualitatively and quantitatively. 

The data were analyzed qualitatively under the assumption that narrower inhibition zones 

indicated greater resistance. To determine if the downstream bacterial strains were 

significantly more resistant than the upstream strains, t-tests were conducted on the mean 

inhibition zone widths using a significance value of0.05. Quantitative analysis was 

based upon standard laboratory inhibition zone ranges that classify a bacterial strain as 

resistant, intermediate, or susceptible to a given antibiotic. A classification of resistant 

indicates that treatment of the bacterial strain with that specific antibiotic would be 

) clinically ineffective (National Committee for Clinical Laboratory Standards 1999). 

) 
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Results 

Shigella sp. 

Qualitatively, at the dairy locality, the upstream colony was more resistant than 

the downstream colony to all three antibiotics (Fig. 2). However, this result was not 

significant because the observed difference was in the opposite direction from the 

original hypothesis. No quantitative classifications are available for Shigella sp. strains. 
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Figure 2: Average inhibition zone widths after 18 hours of dairy site Shigella sp. lawns 
inoculated with amoxicillin, penicillin, and tetracycline. Asterisks indicate significant 
differences between downstream and upstream colonies. Downstream and upstream 

results are based on one isolated Shigella sp. colony each. 

OPAGE 090 



) Qualitatively, the results from the hog farm locality are similar to the results from 

the dairy locality reported above in that the upstream colonies were more resistant than 

the downstream colony (Fig. 3). However, in light of the original hypothesis such results 

are not significant due to the direction of the difference. 
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Figure 3: Average inhibition zone width after 18 hours of dairy site Shigella sp. 
lawns inoculated with amoxicillin, penicillin, and tetracycline. Asterisks indicate 
significant differences between downstream and upstream colonies. Downstream 

results are based on one isolated Shigella sp. colony, and upstream results are 
based on 2 isolated colonies. 
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At the dairy locality, qualitatively, the downstream colonies were found to be 

significantly more resistant to amoxicillin, penicillin, and tetracycline than were the 

upstream colonies ( p = 0.002, p = 0.001, and p = 0.001 respectively) (Fig. 4). 

Quantitatively, all six of the strains were classified as tetracycline resistant based on 

standardized inhibition zone ranges while one of the downstream colonies was classified 

as amoxicillin resistant with the remaining five colonies classified as amoxicillin 

intermediate. 
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Figure 4: Average inhibition zone width after 18 hours of dairy site E. agglomerans 
lawns inoculated with amoxicillin, penicillin, and tetracycline. Asterisks indicate 

significant differences between downstream and upstream colonies. Downstream results 
are based on two isolated E. agglomerans colonies, and upstream results are based on 4 

isolated colonies. 
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Qualitatively, at the hog farm locality, the downstream colony was significantly 

more resistant to tetracycline than was the colony isolated from the upstream sample (p < 

0.001) (Fig. 5). No significant differences in amoxicillin or penicillin resistance were 

observed. Quantitatively, both isolated colonies were classified as amoxicillin and 

tetracycline resistant. 
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Figure 5: Average inhibition zone width after 18 hours of hog site E. agglomerans lawns 
inoculated with amoxicillin, penicillin, and tetracycline. Asterisks indicate significant 
differences between downstream and upstream colonies. Downstream and upstream 

results are based on one isolated E. agglomerans colony each. 
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Discussion 

Due to the very small sizes in this study, broad conclusions on the nature and 

extent of antibiotic resistance in the bacterial populations at the dairy and hog farm 

localities cannot be made based solely on these results. Inhibition zone results are based 

on only one to four colonies of each bacteria isolated at the respective sampling sites. 

These colonies were derived from single isolated cells, and therefore represent very 

homogeneous populations. Such populations are not genetically representative of the 

greater environmental bacterial population at the dairy and hog farm localities. 

Therefore, the results obtained from this study only indicate the presence of antibiotic 

resistance, or lack there of, in the isolated strains and are not indicative of the extent of 

such resistance in the greater bacterial populations. 

Shigella sp. 

Though the results of the E. agglomerans treatments were consistent with the 

original hypothesis, the results of the Shigella sp. treatments were opposite of what was 

expected. In these treatments, greater resistance was observed in the upstream colonies 

than in the downstream colonies for both the dairy and hog farm localities, contrary to the 

original hypothesis that the downstream colonies would be more resistant than the 

upstream colonies. Although the exact reason for this discrepancy is unknown, it may be 

due to several factors. 

First, it is possible that the downstream and upstream Shigella sp. colonies 

isolated in this study originated from different animal sources and so possessed differing 
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) levels of antibiotic resistance that are not indicative of their relative locations in the water 

bodies (Risley, personal communication). Secondly, it is also possible that the antibiotic 

resistance of some of the colonies may have diminished during the several weeks of 

laboratory culturing due to the lack of selection pressure for the resistant strains , 

therefore skewing the results of the inhibition tests(Risley, personal communication). 

Also, laboratory results obtained from inhibition testing of Shigella sp. are often 

inherently inconsistent with clinical results, and thus such data may not accurately reflect 

the resistance characteristics of that bacterial strain in nature (National Committee for 

Clinical Laboratory Standards 1999), Future studies in which more Shigella sp. colonies 

from each sampling site are examined would help to elucidate our observed 

discrepancies. However, it is unlikely that such studies would yield significant results 

due to the inherent inconsistencies of Shigella sp. laboratory inhibition results. Such 

inconsistencies make Shigella sp. a poor specimen for this type of antibiotic resistance 

study. 

) 

Enterobacter agglomerans 

While broad conclusions should not be drawn based solely on this study, the 

results obtained do suggest some preliminary conclusions. First, each of the eight E. 

agglomerans colonies isolated were classified as tetracycline resistant and either 

amoxicillin resistant or amoxicillin intermediate, suggesting that resistance to these two 

antibiotics may be widespread in the surface waters at these localities. Resistant and 

intermediate colonies were isolated in both the downstream and the upstream samples 

indicating that background E. agglomerans resistance levels to these two antibiotics are 
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) already high before the waters pass through the vicinity of the farms. In their 2001 study, 

Chee-Sanford et al. also found such widespread tetracycline resistance in bacteria in the 

groundwater underlying swine farms. 

) 

Secondly, significantly greater E. agglomerans resistance was observed in the 

downstream bacterial colonies than in the upstream colonies for all three of the 

antibiotics in the dairy locality treatments and for tetracycline in the hog farm locality 

treatments. Such results are consistent with the original hypothesis that greater antibiotic 

resistance would be observed in surface waters downstream of the farming operations 

than upstream. This suggests that perhaps the farming operations at these two localities 

may be contributing to increased antibiotic resistance in downstream environmental 

bacterial populations via antibiotic runoff (Chee-Sanford et al. 2001). While such a 

possible farm effect may have potential implications for some antibiotics, the 

implications would likely be minimal for antibiotics whose resistance is already 

widespread in the environment, such as tetracycline, as suggested by this study. 

However, while one can speculate on the existence of a potential farm influence on 

antibiotic resistance at these two localities, this study does not present enough evidence to 

strongly support such a hypothesis, again, due to its narrow scope and small sample sizes. 

In order to draw more comprehensive conclusions and to better assess the 

potential contribution of the dairy and hog farm operations to the levels of antibiotic 

resistance in the surface water bacterial populations at these two localities, future studies 

need to be undertaken in which both a broader range of bacterial species are examined as 

well as more colonies of each species. This study serves only as a pilot study. Only 

through continued, broad-scale examination of the surface water bacterial populations at 
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these two localities can significant conclusions on the potential impact of the farming 

operations be made. 
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Appendix A: Locality maps 
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) Appendix B: Microbiological Tests to Identify Bacterial Species 

I 

) 

Flowchart for identification of Gram-positive bacteria 
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Appendix B: continued 

Standard Laboratory Protocol for selected bacterial identification tests 

Acid Fast 
1. Prepare heat-fixed bacterial smear 
2. Flood smear with carbol fuchsin for 10 minutes and rinse with RO water 
3. Decolorize with 2-3 drops of acid alcohol and rinse immediately with RO water 
4. Counterstain with methylene blue for 60 seconds, rinse with RO water 

Catalase 
1. Culture bacteria in nutrient agar slant tube 
2. Place several drops of hydrogen peroxide on bacterial growth 
3. Bubbling indicates positive test 

Coagulase 
1. Aseptically add bacteria to coagulase plasma 
2. Incubate at 37°C for Y:z-2 hours 
3. Examine for agglutination 
4. Agglutination indicates positive test 

Endo spore 
1. Prepare heat-fixed bacterial smear. 
2. Add aluminum foil with raised walls to a heated hot plate 
3. Flood smear with malachite green and steam for 10 minutes while adding dye as 

needed to retain flooding of slide 
4. Allow slide to cool; rinse with RO water 
5. Counterstain with sa:franin for 30 seconds and rinse with RO water 

Gram Stain 
1. Stain with Crystal Violet for 60 seconds; rinse with RO water 
2. Stain with Mordant Lugol's Iodine for 60 seconds; rinse with RO water 
3. Decolorize with Ethyl Alcohol (95%) for 10 seconds; rinse with RO water 
4. Counterstain with Sa:franin for 30 seconds; rinse with RO water 
5. Pink= Gram-negative; Purple= Gram-positive 

Motility 
1. Inoculate tube of motility media with bacterial strain using sterile needle 
2. Incubate at 37°C for 24 hours 
3. Examine for bacterial growth away from the inoculation line 
4. Growth away form the inoculation line indicates positive test 
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