
 

 

ABSTRACT 
 

QIAN, LEILEI. Evaluation of Antibiotic Resistance Profiles of Enteric Bacteria in Swine 
Feces Before and After Lagoon Treatment. (Under the direction of Dr. Alexandria Graves.) 

 

 

Antibiotics are used in livestock production for the treatment of diseases and for 

improvement of feed efficiency and growth. However, agricultural use of antibiotics may be 

partly responsible for the emergence of antibiotic-resistant organisms. Large amounts of 

managed manure are land applied, which opens the door for the spread of antibiotic 

resistance in the environment. Thus, the goal of this project was to evaluate the effects of 

lagoon treatment on the persistence of antibiotic resistant enteric bacteria isolated from swine 

feces. Both cool season and warm season samples were collected from a swine farm located 

in Sampson County, NC. Each season samples included three nursery swine fecal samples, 

three nursery swine lagoon liquid samples, four finishing swine fecal samples, three finishing 

swine lagoon liquid samples, and four soil samples from both nursery and finishing swine 

spray field. A total of 4032 E. coli isolates and 4896 Enterococcus isolates were obtained 

from the samples. The antibiotic resistance profiles of the isolates were determined using a 

set of antibiotics at various concentrations. The antibiotic cephalothin, erythromycin, 

oxytetracycline, tetracycline, streptomycin, and neomycin were tested for both bacterial 

species, but different concentrations were applied. For E. coli, rifampicin was also tested; for 

Enterococcus, chlortetracycline, vancomycin, and amoxicillin were also tested. After 

antibiotic resistance analysis was achieved, 25 isolates were randomly selected from each 

sample for further evaluation by polymerase chain reaction test. Soil samples were collected; 

however, fecal indicator bacteria were not recovered.  Additionally, E. coli was not 



 

 

recovered from warm season nursery lagoon samples. All isolates displayed multiple 

antibiotic resistance, and for the isolates from the same source, the resistance patterns were 

similar for the antibiotics within the same antibiotic family. Percentages of resistant isolates 

were greater in nursery fecal samples than in finishing fecal samples for majority of 

antibiotic tests. For nursery samples, percentages of antibiotic resistant isolates decreased 

after lagoon treatment for majority of antibiotic tests. For finishing samples, no such trend 

was obvious. The results indicated that antibiotic resistant isolates still persist in the lagoon 

liquid, which may cause potential risk to human and environmental health. And because 

antibiotic resistance may affect later therapeutic and subtherapeutic value of these 

antibiotics, management strategies of agricultural antibiotic use may be improved. The 

antibiotic resistance patterns and molecular banding patterns of the isolates were not unique 

to a specific source. The results suggest that there is considerable overlap among nursery 

feces, nursery lagoon, finishing feces and finishing lagoon samples.  However, if combine 

of the feces and the lagoon isolates together and only classify isolates from nursery to 

finishing swine, the percentages of correctly classified isolates became larger.  The results 

suggest that ARA and PCR would best be used for identifying fecal contamination from 

swine sources based on broad categories (nursery versus finishing) instead of relying on 

these procedures for specific identification of lagoon and feces separately.  
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LITERATURE REVIEW 

 

I.  Introduction 

An increasing number of antibiotics are used in US agriculture, especially in the 

swine industry.  Benefits of antibiotic use in swine industry include the therapeutic value in 

the treatment of diseases, and the subtherapeutic value for improvement of feed efficiency 

and growth.  These benefits have helped sustain intensive animal production to meet 

consumer demands for food products.  However, contrasting the above benefits are 

suggestions that agricultural use of antibiotics may be partly responsible for the emergence 

of antibiotic-resistant microorganisms.  The resistant bacteria can be passed on to people 

through the food supply or through direct contact with manure or livestock (Bicudo and 

Goyal, 2003).  Antibiotics also enter the environment through application of animal manure 

containing antibiotics on croplands, or the seepage of lagoon liquid containing antibiotics to 

ground water.  The predominant manure management for swine manure is the anaerobic 

lagoon system.  Lagoons are simple to manage and effective in reducing organic matter and 

nutrients when properly designed and operated.  However, lagoons are not designed to 

control pathogens (Sobsey et al., 1999).  As a result, there is a great need to determine the 

effect of manure management on antibiotic resistance of enteric bacteria, especially 

considering that there is a significant amount of treated manure applied to cropland, thus 

opening the door for the spread of antibiotic resistant organisms into the environment.   
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II.  Problems Associated with the Occurrence of Antibiotic Resistance 

A . The Mechanism and Transmission of Antibiotic Resistance 

A.1.  Emergence of Antibiotic Resistance 

Antibiotics are widely used for treatment of both human and animals because 

appropriate use of these agents has many benefits.  These benefits include the therapeutic 

value in the treatment of bacterial infection and the subtherapeutic value for growth 

promotion and disease prevention.  However, much evidence has demonstrated that 

inappropriate use of antibiotics has contributed to the emergence of antibiotic resistance.  

One of the most popular explanations is that antibiotics can not completely kill all target 

bacteria within the complex microbial communities, especially in agricultural systems 

(McAllister et al., 2001).  Feeding antibiotics at subtherapeutic levels can accelerate the 

occurrence of antibiotic resistant bacteria, because more bacteria can survive at low levels of 

antibiotics.  The relationship between the use of antibiotics and the occurrence of antibiotic 

resistance is illustrated in Figure 1 (Barbosa and Levy, 2000).  Antibiotic use is the main 

factor which can lead to antibiotic resistance, but many other factors, although difficult to 

quantify, such as antibiotic residues, cross selection and travel of people and foodstuffs, can 

also influence emergence of antibiotic resistance.  Take antibiotic residues for example, 

animals may not take up all the antibiotics in the feed and the portion of antibiotics not 

assimilated by animals may be excreted in the animal feces.  Antibiotic residues may enter 

the environment through the application of the animal waste to croplands or leaching of 

lagoon liquid to ground water.  These antibiotic residues may cause the emergence of 

antibiotic resistant microorganisms in the environment. 
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The occurrence of antibiotic resistance in agricultural systems may have great 

impacts on human health because agricultural systems have important linkages with the 

human environment.  The antibiotic-resistant bacteria that emerge in agricultural systems 

can enter human environment through multiple ways, leading to hazardous effects on human 

health.  The emergence and transmission of antibiotic-resistant bacteria as well as the 

consequences to the environment, the food chain and human health is illustrated in Fig. 2 

(Khachatourians, 1998).  These bacteria can move and disseminate in the environment 

through a number of routes, and consequently, their presence may have tremendous negative 

effects on the environment and human health.   

 

A.2.  Mechanisms of Antibiotic Resistance 

Bacteria possess a number of antibiotic resistance mechanisms.  McAllister et al 

(2001) have explained and summarized some common mechanisms.  One of the most 

common mechanisms of resistance in bacteria is production of enzymes that degrade the 

antibiotic (Davies, 1994; McAllister et al., 2001) .  For instance, enzymes such as 

β-lactamases can destroy penicillins and cephalosporins (Levy and Marshall, 2004).  Also, 

some bacteria can produce particular enzymes that inactivate the antibiotic by adding 

additional chemical structures onto the antibiotic.  Bacteria may change their cell surface to 

reduce the affinity of the antibiotic to its target site.  And some bacteria can rapidly pump 

the antibiotic out of the cell before it has the chance to interact within the cell.  

Additionally, bacteria can produce a large amount of metabolic products which the 

antibiotics target and overwhelm the amount of antibiotic.  Furthermore, bacteria can 

develop other metabolic pathways that substitute for the cellular processes that the antibiotic 
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inhibits.  Last but not least, formation of biofilms is also a mechanism associated with 

antibiotic resistance that is not completely understood.  Bacteria may express more than one 

type of mechanism to resist one antibiotic.  For instance, tetracycline resistance can result 

from either efflux or ribosome protection (Levy and Marshall, 2004).  Because some 

bacteria are sensitive to several antibiotics, whereas others are insensitive, different bacterial 

species may develop different resistance mechanisms. 

 

A.3. Transfer of Antibiotic Resistance 

There are two modes by which antibiotic resistance can be transferred.  The 

antibiotic resistant bacteria can be transferred from one animal to another animal, or from 

animals to humans through the food chain or contact or drinking the ground water which 

contains antibiotic resistant bacteria.  The other mode is the transfer of antibiotic resistance 

genes.  Bacteria can carry and transfer antibiotic resistance genes because the genetic 

material of bacteria can be exchanged and transferred to other bacteria.  If the genetic 

material of one bacterium codes for a trait that causes antibiotic resistance, then it is highly 

possible that the recipient bacteria will become resistant to the same antibiotic.  There are 

several ways that the resistance genes can be transferred among bacteria, such as plasmids, 

bacteriophages, naked DNA or transposons (Levy and Marshall, 2004).  Plasmids are the 

most frequent way bacteria use to carry and transfer antibiotic resistance genes (McAllister et 

al., 2001).  Bacteria can be infected by bacteriophages during which resistance genes are 

transferred.  Bacteria can also receive resistance genes by scavenging DNA that code for 

antibiotic resistance from dead bacteria (McAllister et al., 2001).  Antibiotic resistance 
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genes will confer resistance only if they are integrated into the host’s chromosome when they 

are transferred by bacteriophages or dead bacteria (McAllister et al., 2001). 

 

B.  Development of Antibiotic Resistance within a Family of Antibiotics 

Different antibiotics target different sites in the cell.  For instance, some antibiotics 

target the cell walls (e.g., cephalosporins, penicillins and glycopeptides), some target cell 

membranes, some inhibit the synthesis of proteins (e.g., tetracyclines, aminoglycosides and 

macrolides), some inhibit DNA synthesis, some inhibit RNA synthesis (e.g., rifamycins), or 

particular biochemical pathways such as folic acid synthesis (Khachatourians, 1998; Levy, 

1998).  A description of 20 antibiotic families and their mechanisms of action are indicated 

in Table 1.   

Antibiotics within the same family may have similar chemical structures, which 

means that they are likely to have similar antibiotic resistance patterns.  For example, 

oxytetracycline, tetracycline and chlortetracycline all belong to the family of tetracyclines; 

streptomycin and neomycin fall into the aminoglycosides family; erythromycin belongs to 

the macrolides family; cephalothin belongs to the cephalosporins family; rifampicin falls into 

the rifampin family; vancomycin is within the glycopeptides family and amoxicillin belongs 

to the penicillins family.  For the same bacterial species, these antibiotics within the same 

family may display similar antibiotic resistance patterns while the antibiotics that belong to 

different families may have different resistance patterns. 

Much research has been done to evaluate the antibiotic resistance patterns of the 

antibiotics which belong to the same antibiotic family or different families.  Adwan et al 

(1998) tested 24 Enterobacteriaceae isolates which were gentamicin resistant for resistance 
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to neomycin, kanamycin, tobramycin and amikacin or not.  These antibiotics all belong to 

aminoglycosides family.  Resistance percentages were 29.2% for neomycin, 58.3% for 

kanamycin, 45.8% for tobramycin and 8.3% for amikacin.  Fifty eight percent of the 

isolates were found to be multi-resistant.  Another study (Gautier-Bouchardon et al., 2002) 

tested the resistance of three avian Mycoplasma species to five antibiotics - enrofloxacin, 

erythromycin, tylosin, tiamulin, and oxytetracycline.  Enrofloxacin is a member of the 

fluoroquinolones family of antibiotics.  Erythromycin and tylosin both belong to the 

macrolides family.  Tiamulin is within the pleuromutilin family, and oxytetracycline 

belongs to the tetracyclines family.  High level resistance to erythromycin and tylosin 

developed quickly while resistance to enrofloxacin developed gradually.  No resistance to 

tiamulin and oxytetracycline could be detected in two of the three species.  Cross-sensitivity 

tests demonstrated that mycoplasmas which were resistant to tylosin were also resistant to 

erythromycin, but mutants resistant to erythromycin were not always resistant to tylosin.  

Some mutants resistant to tiamulin were also resistant to both antibiotics in the macrolides 

family, whereas enrofloxacin and oxytetracycline did not induce any cross-resistance to 

others (Gautier-Bouchardon et al., 2002). 

 

C.  Occurrence of Antibiotic Resistance in Fecal Indicator Organisms 

Fecal coliform bacteria are bacteria found in feces, which usually reside in the 

intestinal tract of warm-blooded animals.  The presence of fecal coliforms is a reliable 

indicator of fecal contamination and of the potential presence of pathogens associated with 

wastewater or sewage sludge (http://en.wikipedia.org/wiki/Fecal_coliform).  However, one 

must be cautious because the absence of fecal coliforms does not equate to the absence of 
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fecal contamination.  Indicator organisms are selected according to three factors: (1) they 

are abundant in the monitored environment; (2) the method for testing for the presence of the 

indicators is convenient and accurate; (3) there is a reasonable correlation between the 

presence or absence of the indicators and some specific pathogens 

(http://www.des.state.nh.us/factsheets/wwt/inc/18.html).  The effectiveness and accuracy of 

the indicator is determined by the strength of the correlation. 

E. coli and Enterococcus are widely used as indicator organisms to signal fecal 

contamination in water systems.  E. coli is the most reliable indicator of fecal contamination 

of surface waters in the United States according to water quality standards set by the EPA 

(www.uvm.edu/envnr/sal/ecoli/pages/waterqu.htm).  Therefore, to study the antibiotic 

resistance patterns in fecal indicator organisms - E. coli and Enterococcus – has great 

scientific and practical value. 

E. coli 

A number of research efforts have been conducted to evaluate the antibiotic 

resistance patterns of E. coli.  Sunde et al (1998) studied antibiotic resistance of twelve 

hundred E. coli isolates from swine.  E. coli were isolated from 10 herds of swine with 

different histories of exposure to antibiotics.  The strains were tested for phenotypic 

resistance against several antibiotics.  Resistance to streptomycin was found to be most 

common, followed by sulfonamides and tetracycline.  The highest number of resistant 

bacteria was found in herds where the use of antimicrobial agents was high.  This study 

indicates that nonpathogenic E. coli from swine may represent a considerable reservoir of 

antibiotic resistance genes that might be transferable to pathogens. 
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Mathew et al (1998) studied the resistance patterns of E. coli to five commonly used 

antibiotics: apramycin, carbadox, gentamicin, neomycin and oxytetracycline.  Sows and 

pigs were sampled from 10 commercial swine farms.  A total of 6296 E. coli isolates from 

750 pig fecal samples and 462 E. coli isolates from 50 sow fecal samples were tested.  

Percentage of resistant organisms was compared between pigs at the different stages of 

growth, between sows and their respective pigs and between farms of high and low antibiotic 

use.  Farms of high antibiotic use were those where subtherapeutic concentrations of 

feed-based antibiotics and injectable antibiotics were routinely used.  And the farms of low 

antibiotic use were those where subtherapeutic concentrations of feed-based antiobiotics 

were not used and injectable antibiotics were not used except for short periods.  It was 

found that oxytetracycline treatments had the greatest percentages of resistance for all 

samples, around 90%, but according to different ages of pigs and different levels of antibiotic 

use, percentages were different.  For example, when pigs were 7 days old, oxytetracycline 

resistant percentages were 96.2% and 82.6% for high level antibiotic use and low level use 

respectively.  For pigs which were 35 days old, resistant percentages were 94.4% and 

89.9% for high level and low level use respectively.  For 63-day-old pigs, oxytetracycline 

resistant percentages were 98.8% and 99.5% for high level and low level use respectively.  

This study indicates that patterns of antibiotic resistance are dependent on ages of pigs and 

levels of antibiotic use. 

Enterococcus 

Enterococcus is becoming more important due to its increasing prevalence in 

hospitals and associated multiple antibiotic resistance characteristics.  The multiple 

antibiotic resistant Enterococcus strains have significant resistance to many antibiotics, such 
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as β-lactam-based antibiotics (some penicillins and virtually all cephalosporins) as well as 

many aminoglycosides, especially virulent strains which are resistant to vancomycin 

(Vancomycin-Resistant Enterococcus) have emerged in nosocomial infections of 

hospitalized patients (Huycke et al., 1998).  Avoparcin is an antibiotic that is only used for 

animal feeds or veterinary practice but has a similar mode of action as vancomycin 

(Khachatourians, 1998).  The use of avoparcin as a growth promoter in food animals has 

created a major reservoir of resistant strains of Enterococcus faecium. 

A study was conducted to determine the correlation between the use of the 

glycopeptides antibiotic avoparcin as a growth promoter and the occurrence of high level 

vancomycin resistant Enterococcus faecium on poultry and pig farms (Bager et al., 1997).  

In poultry farms, the relationship was confounded by the use of broad-spectrum antibiotics.  

In pig farms, the association had a similar magnitude.  Sixty-seven percent of pig samples 

fed with avoparcin contained vancomycin resistant Enterococcus faecium isolate, and only 

20% of pig samples which did not use avoparcin contained vancomycin resistant 

Enterococcus faecium.  This study provides evidence of a causal association between the 

use of avoparcin and the occurrence of vancomycin-resistant Enterococcus faecium, which is 

very important for the human and community health. 

 

III. Antimicrobial Agents in the Swine Industry 

A.  The Status of Antimicrobial Agents in the Swine Industry 

Antibiotics and chemotherapeutics are medications that have been added to feed of 

farm animals since the 1950’s.  These medicinal agents are used to improve the health and 

performance of farm animals.  Chemotherapeutics are different from antibiotics in that they 
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are organic compounds which are chemically synthesized and also can inhibit the growth of 

some microorganisms (Carlson and Fangman, 2000).   The amount of these antimicrobial 

agents usage in animal feeds has increased rapidly, from 1 million kilograms a year around 

1960’s to approximately 3 million kilograms annually in mid-1980’s (Cromwell, 2002).  A 

list of compounds and use levels that can be used for specific purposes such as growth 

promotion, prevention of disease, and treatment of a specific disease can be found by 

consulting the Feed Additive Compendium (Miller Publishing Co, 12400 Whitewater Drive, 

MN 55343, published annually).  These medications, usages and levels are determined by 

the Food and Drug Administration (FDA).  At present, there are about 12 antibiotics and 5 

chemotherapeutics approved to use in swine feeds.  The antibiotics are apramycin, 

bacitracin methylene disalicylate, bacitracin zinc, bambermycins, chlortetracycline, 

lincomycin, neomycin, oxytetracycline, penicillin, tiamulin, tylosin, virginiamycin and the 

chemotherapeutics are arsanilic acid, carbadox, roxarsone, sulfamethazine, sulfathiazole 

(Cromwell, 2002; Animal Health Institute).  Some of these antimicrobial agents can be 

applied for combination usage, such as penicillin, chlortetracycline plus sulfamethazine or 

sulfathiazole, neomycin plus oxytetracycline (Cromwell, 2002).  The combination usage of 

penicillin, tetracycline and sulfamethazine or sulfathiazole can control or treat cervical 

abscesses, bacterial enteritis and atrophic rhinitis in swine, and they are also used to improve 

weight gain and feed efficiency of pigs, especially for 6 to 16 weeks old pigs (Burbee et al., 

1985).  Tetracyclines are widely used in the swine industry as growth promoters, and are 

also used to control cervical abscesses, atrophic rhinitis, as well as to treat enteric and 

respiratory infection (Burbee et al., 1985).   
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B.  Mechanisms of Growth Promoting Effects of Antimicrobial Agents 

Burbee et al (1985) wrote that “antimicrobial agents are fed at subtherapeutic levels 

at all stages of the hog growth cycle, but are commonly used during the early pig growing 

stages”.  Gaskins et al (2002) also mentioned that the improvement in growth and feed 

efficiency are greater for young pigs than for older ones.  Thus, mechanisms for growth 

promoter activity of antimicrobials should be consistent with their effects on growth, feed 

efficiency and with the relatively greater responses observed in younger animals than older 

ones. 

It is generally accepted that the beneficial effects of antimicrobial compounds result 

from alteration of the bacterial population within the animal’s digestive tract.  The actual 

mechanisms by which antibiotics and chemotherapeutics can promote growth are not 

completely understood throughout a long history of feeding these compounds.  Possible 

modes of action are: (1) disease control effects, (2) nutrient sparing effects, and (3) metabolic 

effects (Carlson and Fangman, 2000; Cromwell, 2002).   

1 Disease control effects 

Antibiotics can control the diseases by suppressing organisms which can cause 

diseases and produce toxin in the animals’ environment (Carlson and Fangman, 2000).  

Evidence suggests that young pigs which are more vulnerable to diseases than the older ones 

respond more to antibiotics than the older ones, and that responses to antibiotics are greater 

in pigs having a high disease load compared with healthy pigs (Cromwell, 2002).   

2 Nutrient sparing effects 

Nutrient sparing effects of antibiotics are effects on the microbial population of the 

intestinal tract, which act in three ways (Carlson and Fangman, 2000).  Firstly, depress the 
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growth of organisms which compete with the host animal for nutrients and can degrade 

glucose and amino acids, such as Clostridium difficile and Salmonella kedougou.  Secondly, 

improve the growth of microorganisms (e.g. Bacteroides) which synthesize nutrients 

required by the host animals, such as vitamins and amino acids.  Thirdly, reduce the 

thickness of intestinal wall to improve absorption of nutrient.   

3 Metabolic effects 

Metabolic effects imply that antibiotics directly influence the metabolic processes, 

such as change the rate of certain biochemical process in the animals.   

Furthermore, antibiotics have great reproductive benefits for sows.  Although the 

mechanism is not fully understood, their role is probably associated with reducing the 

number of undesirable microorganisms in the reproductive tract which can potentially cause 

undetectable, subclinical disease (Cromwell, 2002).  Subclinical disease is an illness that 

stays below the surface of clinical detection.  Reducing the amount of these microorganisms 

can provide a healthier environment in the reproductive tract which is beneficial for the 

embryos to survive. 

 

C.  Antibiotic Resistant Bacteria in Swine 

Even though antibiotic use in the swine industry has so many advantages, which 

indeed bring great benefits to both swine producers and consumers, it leads to a big issue for 

swine health as well as human health - antibiotic resistance.  Most concerns about antibiotic 

resistance in bacteria in swine are directed towards: first, the potential reduction of 

therapeutic effects of antibiotics on the resistant bacteria in swine; second, the transmission 

of antibiotic resistant bacteria from swine to the environment and human body, and the 
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transfer of antibiotic resistant genes from swine enteric bacteria to swine pathogens or even 

to human pathogens.  

There is considerable information on antibiotic resistance found in bacteria in swine.  

Antibiotic resistance in E. coli in swine has been reported by many studies through the long 

period of antibiotic use in feed (Belloc et al., 2005; Hart et al., 2004; Mathew et al., 1998; 

Schroeder et al., 2002) and the overall conclusion is that the resistance to antibiotics is very 

common in E. coli.  Enterococcus did not attract people’s interests in antibiotic resistance 

until vancomycin resistant Enterococcus faecium was detected in pigs which were fed with 

avoparcin (Bager et al., 1997).  Antibiotic resistance in Salmonella isolates from swine was 

also detected (Delsol et al., 2005; Gebreyes and Altier, 2002; Gebreyes et al., 2000), which 

may cause problems in treating infections caused by these bacteria in animals.   

 

IV.  Swine Manure Management and Its Effects on Antibiotic Resistance 

A.  The Anaerobic Lagoon System 

The anaerobic lagoon system has become one of the most common components of a 

swine manure management system from small livestock production units to large specialized 

operations because they are one of the simplest systems for storing and treating large 

quantities of swine waste.  Even though they were originally viewed as a total disposal 

system, they are now recognized as a manure management or one pretreatment process in an 

overall manure management plan.  Anaerobic lagoons are widely used in the swine manure 

management because: (1) flexibility for storage and treatment; (2) they need less land; (3) 

liquid recycling for waste removal from pits beneath houses; (4) liquid in lagoons can be 

used to irrigate crops, which is convenient and cost saving; (5) they need less labor and 
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operating costs (Barker, 1996).  However, lagoons also have some disadvantages, such as 

loss of nutrient value, offensive odors, frequent sludge removal if undersized, and potential 

groundwater contamination (Barker, 1996).   

The anaerobic lagoon is a system in which anaerobic bacteria break down organic 

matter in the waste.  Because anaerobic bacteria decompose the organic matter in the 

absence of oxygen, there is no requirement to maintain dissolved oxygen in the anaerobic 

lagoon, which means that anaerobic lagoons can be constructed deeper under the ground and 

less surface area is needed.  Anaerobic lagoons should be properly designed, such as the 

liquid capacity, the shape, as well as the site investigation, which are important for the 

function of lagoons.  To keep the anaerobic lagoon working in a high efficacy, appropriate 

management and operation is also needed (Barker, 1996). 

Anaerobic digestion processes in anaerobic lagoons can be divided into two stages.  

First, acid-forming bacteria, such as Clostridium butyricum and Anaerofilum pentosovorans, 

convert the manure waste into volatile fatty acids (VFAs).  The VFAs are a group of 

compounds that include acetic acid, propionic acid, isobutyric acid, butyric acid, isovaleric 

acid, valeric acid, hexanoic acid and other higher molecular weight compounds 

(http://www.valleyair.org/Workshops/postings/05-02-05/VFA%20tech%20assessment.pdf ) 

and they are the primary source of the odor.  Second, methanogenic bacteria convert the 

VFAs into acetic acid and finally into methane, also releasing carbon dioxide and hydrogen 

gases.  The anaerobic digestion of the organic compounds also leads to the formation of 

inorganic compounds of nitrogen and phosphorus, which can be used to fertilize crops 

(Cochran, 2000).  When the lagoon reaches the maximum wastewater storage level, lagoon 
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liquid should be applied to the land.  But the nutrient concentration in lagoons differs 

individually and seasonally.   

There is another type of lagoon treatment, the aerobic lagoon, which is not as widely 

used as anaerobic lagoons in swine manure treatment.  Aerobic bacteria decompose the 

organic matter in aerobic lagoons which means that aerobic lagoons need some aerators or 

mechanical agitators to introduce oxygen into the lagoon liquid (Cochran, 2000).   

 

B.  Impacts of Lagoon System on Bacterial Loading and Antibiotic Resistance  

Swine manure contains many microorganisms, among which some are 

nonpathogenic, such as nonpathogenic E. coli, and some can cause diseases, such as E. coli 

O157:H7, Enterococcus faecium, Salmonella, Campylobacter, Cryptosporidium, and 

Yersinia (Guan and Holley, 2003).  Swine lagoon liquid may also contain numerous 

microorganisms that are at concentrations risky to environment and human health and these 

pathogenic or nonpathogenic microorganisms may be transported to surface water or ground 

water through spray irrigation of lagoon liquid to croplands or seepage (Guan and Holley, 

2003).  The World Health Organization recommended that the lagoon liquid that contained 

no more than 3 log10 fecal coliforms per 100 mL could be applied to crops which are likely 

to be eaten uncooked, and researchers recommended that the maximum concentration should 

be 5 log10 per 100 mL lagoon liquid which was applied for pasture, cereal crops and fodder 

crops (Hill and Sobsey, 2003).  Studies have been done to investigate the change in the 

amount of microorganisms in swine manure before and after lagoon treatment.  The study 

by Krieger et al (1975) reported that Salmonella can be reduced by swine lagoon treatment 
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from initial population counts of 105 - 106 per mL to non-recoverable levels in 24 days and 

fecal coliforms can be reduced from 20 organisms per mL to complete die-off in 10 days.   

However, many other studies demonstrated that swine lagoons are not designed to 

control pathogens.  Swine lagoon liquid which was applied to fields contained 100-10000 

times more pathogens than human waste treated by municipal treatment systems (Sobsey et 

al., 1999).  The study by Hill and Sobsey (2003) indicated that E. coli, Enterococcus and 

Salmonella in swine manure could be reduced from 7-8 log10 per 100 mL to 5-6 log10 per 100 

mL in single–stage lagoon system and finally to 3-4 log10 per 100 mL in two–stage lagoon 

systems at four farms in North Carolina.  A previous study by the same researchers reported 

that bacterial indicators were reduced by 3.8 log10 for E. coli and 3.3 log10 for Enterococci in 

a lagoon plus wetlands treatment for swine manure at a nursery swine farm in North Carolina 

(Hill and Sobsey, 1998).  These two studies suggested that a secondary treatment system 

using either lagoon system or surface flow constructed wetlands could reduce microorganism 

in swine manure to a greater extent than a single-cell anaerobic lagoon.  Another study 

assessed pathogen and indicator microorganism removal from liquid swine manure in 

multi-step biological and chemical treatment at the Swine Educational Unit at Lake Wheeler 

Rd. in Raleigh, NC (Vanotti et al., 2005).  They analyzed Salmonella and fecal 

contamination indicators from each step of the treatment system.  Their results 

demonstrated a consistent trend in reduction of pathogens and microbial indicators at 

different steps of treatment.   

In a report by Centers for Disease Control and Prevention (CDC, 1998), the presence 

of microorganisms, antibiotic residues, and organic and inorganic constituents were 

evaluated in lagoon liquid samples as well as surface water and ground water samples.  
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Seven lagoon liquid samples, three surface water samples and thirteen ground water samples 

were collected from swine operations in Iowa.  In seven lagoon liquid samples, tetracycline 

levels were 11, 66, 68, 110, 150, 250, and 540 μg/L, respectively.  Sulfonamide levels were 

all larger than 20 μg/L.  β-Lactam levels were 2.1, 2.1, 2.9 and 3.5 μg/L from four of the 

seven samples.  Macrolide levels were 15, 60, 81, 227, 275 μg/L from five out of the seven 

samples.  None of the three surface water samples had detectable levels of antibiotics.  

One sample out of the 13 ground water samples contained detectable sulfonamide and the 

level was 7.6 μg/L.  Additionally, bacteria numbers and antibiotic resistance patterns were 

estimated.  Samples from the lagoon liquid contained the greatest number of bacterial 

isolates for E. coli, Enterococcus and Salmonella.  Out of the 23 samples, E. coli were 

isolated from 18 samples (78%), Enterococci were isolated from 20 samples (87%), and 

Salmonella were isolated from 2 samples (9%).  Many of these isolates demonstrated 

resistance to a particular antibiotic or combination of antibiotics.  The results of this study 

demonstrated the possibility that pathogens could be transported thus posing a threat to 

ground and surface waters.    

Chee-Sanford et al (2001) assessed the occurrence and diversity of bacterial genes 

resistant to the antibiotic tetracycline in lagoons and migration to ground water.  Samples 

were collected from two swine production sites in Illinois and both of two lagoons were 

unlined.  Site 1 was a finishing swine operation which was located on glacial outwash and 

terrace deposits along a stream valley.  Antibiotics were used in the operation.  The 

average depth of liquid in the lagoon was 1.5 m.  The topsoil which was silt (1.3-2 m thick) 

overlaid a 0.6-1.3 m thick upper layer of fluvial silty sand and gravel outwash.  Twelve of 

the 16 monitoring wells were installed in the upper sand layer.  Below this layer were 1.6-3 
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m of silt loam diamicton, and then a 1-2 m thick lower sand layer which was locally used as 

an aquifer with four monitoring wells installed in this lower sand layer.  Below this layer 

was more silt loam diamicton.  The multiple sand layers made the leachate more susceptible 

to migrate from the lagoon.  Site 2 was a farrowing and nursery operation located on a 

glacial till plain.  Chlortetracycline was added to the swine feed.  The waste in the lagoon 

was about 6 m deep.  The silt loam glacial diamicton was 3-15 m thick with a thin glacial 

gravelly loam layer (less than 30 cm thick).  There were seven wells at the site and two of 

them were in the thin loam layer.  Ground water samples were collected from 14 

monitoring wells at site 1 and 6 monitoring wells at site 2 and lagoon liquid samples were 

collected from both the two lagoons.  Tetracycline resistant genes were found in DNA 

extracted from lagoon liquid and the ground water samples which were 250 m downstream 

from the lagoons.  No detectable tetracycline resistant genes were found from the samples 

from two of the shallow wells at site 1 and one well at site 2 which located close to the 

lagoon but vertical to the direction of ground water flow.  The tetracycline resistant gene 

tet(M) detected in the ground water samples was not dominant in the environment and was 

identical to tet(M) from the lagoon.  In addition, the results showed that this gene could be 

transmitted to some soil microbes.  This study displayed that the antibiotic resistance genes 

could persist in the swine lagoons and could migrate into ground water, which may be a 

potential risk to environment and human health.    

 

V. Impacts of Agricultural Use of Antibiotics on Humans 

Although inappropriate use of antibiotics in human medicine is the main reason of the 

occurrence of antibiotic resistance bacteria in the human body, agricultural use of antibiotics 
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may also have great impacts on human health.  First, antibiotic residues may enter the 

environment and finally reach the human body through a series of food chains or contact or 

seepage from lagoon to ground water that was consumed by humans.  If the animal manure 

waste or lagoon liquid was applied to croplands, antibiotic residues can also seep down 

through the soil and enter ground water, potentially drinking water.  And unused antibiotics 

disposed into the sewage system which can not degrade or eliminate the antibiotics may 

reach surface water and ground water (Kummerer, 2003).  However, little data show the 

occurrence, fate and risks associated with antibiotics entering the environment after being 

used in agriculture.  Second, antibiotic resistant bacteria or antibiotic resistant genes can be 

transferred from animal microorganisms to human microorganisms.  The transfer may 

occur through the food chain or through animal handlers (Levy and Marshall, 2004).  So if 

the bacteria in animals possess antibiotic-resistance genes, then it is possible for antibiotic 

resistance to spread from animals to human.   

Chee-Sanford’s study (2001) that was talked about in the last chapter gave us a great 

example of the impacts of agricultural use of antibiotics to the environment and humans.  

The tetracycline resistant genes migrated from swine lagoons to groundwater and traveled 

about 250 m from the lagoons.  In addition, people at the sampled sites were drinking the 

affected groundwater.   

The antibiotic resistance of E. coli from humans involved in animal handling such as 

pig farmers was studied.  People with a high level contact with farm animals have 

significant percentages of antibiotic-resistant E. coli in their intestinal microflora (Teuber, 

1999).  Hunter et al (1994) isolated apramycin-resistant E. coli from not only the pigs, but 

also a stockman, and it appeared that the human isolates carried the same plasmid as that 
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carried by the pig E. coli.  This is good evidence that antibiotic resistant microorganisms or 

antibiotic resistance genes can be transferred from animals to humans because apramycin is 

not used in human medicine.  Another similar study was conducted for nourseothricin, an 

antibiotic growth promoter for animals, but not used in human medicine.  The resistance 

was detected in E. coli isolated from pigs, pig farm employees and their families, and 

residents of nearby villages (Hummel et al., 1986). 

Schroeder et al (2002) studied antimicrobial resistance of E. coli O157 isolated from 

human, swine, cattle and food.  Among a total of 361 E. coli O157 isolates, 220 (61%) 

isolates were susceptible to all 13 antimicrobials, but 99 (27%) isolates were resistant to 

tetracycline, 93 (26%) were resistant to sulfamethoxazole, 61 (17%) were resistant to 

cephalothin, and 48 (13%) were resistant to ampicillin.  Swine isolates showed the highest 

percentages of resistance.  Tetracycline was not used to treat human enteric infections 

frequently, but there were a number of human E. coli isolates that showed resistance to 

tetracycline.  One possibility was that tetracycline-resistant bacteria were transmitted from 

animals to humans via the food chain or occupational exposure.  Other possibilities were 

the selection via genetic linkage of resistance determinants or the use of tetracycline to treat 

nonenteric bacterial infections in humans (Schroeder et al., 2002). 

The other important antibiotic-resistance problem is vancomycin-resistant 

Enterococcus in humans.  Accumulating evidence indicated a correlation between the use 

of glycopeptides antibiotic avoparcin as a growth promoter for food animals and the 

occurrence of vancomycin-resistant Enterococcus faecium (Bager et al., 1997; 

Khachatourians, 1998).  Furthermore, vancomycin resistant strains as well as resistance 

genes can be transferred to humans.  Because Enterococcus faecium can cause a wide range 
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of infections in humans, and they are resistant to a number of antibiotics, vancomycin is the 

only treatment drug that remains effective (Wegener et al., 1999).  That’s why the 

occurrence of vancomycin-resistant Enterococcus faecium attracted so much concern. 

Antibiotic resistance can lead to outright treatment failure in humans.  The number 

of infected people and infection frequency increases and there are more antibiotic-resistant 

infections that occur in humans.  The infections become more severe which prolongs the 

duration of infections because antibiotic resistance can be related to the occurrence of more 

virulent pathogens.  Furthermore, the outcomes will become worse through the choice of an 

ineffective drug (Barza et al., 2002).   

 

VI.  Methods to Identify and Characterize Antibiotic Resistance 

A.  Antibiotic Resistance Analysis (ARA) 

Antibiotic resistance analysis is a phenotypic method to characterize antibiotic 

resistance patterns and it is widely used in the studies of bacterial source tracking.  The 

antibiotic resistance profiles of the bacteria are determined using a battery of antibiotics and 

several concentrations are chosen for each antibiotic so that minimum inhibitory 

concentration (MIC) can be established.  The antibiotic resistance patterns for E. coli and 

Enterococcus can be used to identify the fecal contamination sources.  The premise is that 

human fecal bacteria will have greater resistance to antibiotics than those from animal 

sources and fecal bacteria from different animals should have different resistance patterns to 

various antibiotics (Simpson et al., 2002).   
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B.  PCR based on the 16S-23S rDNA Intergenic Spacer Region of Enteric Bacteria 

 Ribosomal DNA (rDNA) are sequences encoding ribosomal RNA (rRNA).  The 

rRNA genetic locus, rrn, is sufficiently conservative and can be used in a universal 

organization of evolutionary relationships (Cedergren et al., 1989).  PCR analysis of the 

16S-23S rDNA intergenic spacer region (ISR) has been used to evaluate E. coli and 

Enterococcus isolates and is emerging as a tool in microbial source tracking research.  The 

rDNA operons are typically arranged in the order 16S-ISR-23S-ISR-5S and are present in 

multiple copies.  For example, E. coli has seven rrn operons (Condon et al., 1992). The 

Enterococcus spp. genome contains as many as six operons (Sechi and Daneomoore, 1993).  

E. faecalis is reported to have four operons (Acinas et al., 2004).  The absence of selection 

pressures in the ISR region, as opposed to the highly conserved nature of the bordering 

rDNA, has proven useful as a target site for the molecular subtyping of a variety of 

pathogenic bacteria (Chun et al., 1999; Graham et al., 1996; Gurtler and Stanisich, 1996; 

Stubbs et al., 1999).  Universal primers targeted to conserved sites in the 16S and 23S 

rDNA genes can be used to amplify the ISR (Jensen et al., 1993).  Therefore, PCR based on 

the 16S-23S rDNA ISR can be performed on all microorganisms and yet can discriminate 

between species and strains (Anton et al., 1998). 

 

VII.  Objectives of Research 

In conclusion, a perusal of the literature suggests that antibiotic resistant E. coli and 

Enterococcus are prevalent in the feces of swine and swine lagoon liquid.  The resistance 

patterns of these enteric bacteria may be different based on the types and quantities of 

antibiotics administered to swine.  The presence of antibiotic resistant bacteria may cause 
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potential risk to the environment and human health.  Limited research has been conducted 

on the change of antibiotic resistance in enteric bacteria before and after lagoon treatment.  

Therefore, the objectives of this study were: first, to use ARA to determine the effects of 

lagoon treatment on the patterns of antibiotic resistance in E. coli and Enterococcus; second, 

to use ARA to evaluate the patterns of antibiotic resistance in E. coli and Enterococcus in 

different stages of swine growth.  The final objective was to evaluate the molecular banding 

patterns of E. coli and Enterococcus in feces and lagoon liquid after treatment with the use of 

PCR. 
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MATERIALS AND METHODS 

 

I. Research Site Description 

The study was conducted at a nursery and finishing swine facility located within 

Sampson County, NC.  The nursery facility housed 2200 nursery pigs ranging in age of 2 

weeks to 8 weeks old.  Three separate swine houses held pigs at different stages of 

development.  The pigs entered the house at an age of around 2 weeks old and remained in 

this house until being moved to the finishing facility.  Pigs in house one were moved in the 

earliest so they were the oldest, and pigs in house three were the youngest.  Antibiotics 

added to the nursery swine feed were tilmicosin, chlortetracycline and lincomycin in cool 

season; tilmicosin, chlortetracycline, lincomycin, tylosin and tiamulin in warm season. 

The finishing swine facility housed around 2500 swine.  The finishing facility had 

four separate swine houses.  The swine entered the finishing facility at approximately 8 to 9 

weeks of age and were held in the house until being sent to slaughter.  The swine were sent 

to slaughter at approximately 26 weeks of age.  The ages of the swine in different houses 

were different.  Swine in house one were moved in first and they were the oldest; swine in 

house four were moved in last and were the youngest.  Antibiotics added to the finishing 

swine feed were chlortetracycline, lincomycin and tylosin in cool season; chlortetracycline, 

lincomycin and virginiamycin in warm season. 

Each swine facility had an anaerobic lagoon to treat swine manure before spraying 

the effluent on the fields.  The lagoons were 12 to 15 years old and the sludge had never 

been removed.  The nursery lagoon was approximately 45 x 45 m in size and the finishing 

lagoon was approximately 118 x 45 m in size.  The nursery houses were flushed at least 
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once a week, maybe twice a week during summer months.  The finishing houses on the 

other hand were on a continuous flushing system and were flushed every 4 hours.  The 

frequency of spraying the fields depended on the need of the crops and on maintenance of 

liquid level below the maximum liquid level allowed by waste management regulations. 

Lagoon liquid applications averaged 2 times a year.  The cropping system in the fields 

during the time of the study was corn, and wheat double crop soybean.  Soybean was no 

tilled drilled into stubble after harvest of wheat.  The soil type of the spray fields at both the 

nursery swine facility and the finishing swine facility is a Norfolk series; a Fine-loamy 

Siliceous Thermic Typic Kandiudults. 

 

II.  Sample Collection 

There were two sampling events.  One was in December of 2005, which represented 

the cool season samples.  The other was in July of 2006, which represented the warm 

season samples.  Samples from the nursery and finishing facilities were collected during 

both sampling events.  Composite nursery fecal samples were collected from each of the 

three nursery swine houses, and finishing fecal samples were collected from each of four 

finishing swine houses.  Fecal samples were obtained randomly along the pens from each 

house and mixed to make one composite sample per house.  Wearing new disposable latex 

gloves and using a sterilized Whirl-Pac bag to pick up the feces, samples were placed in an 

individual sterilized Whirl-Pac bag.  The bags were labeled with date, source of sample, and 

other pertinent information before storing on ice in a cooler.  To eliminate cross 

contamination, a separate pair of fresh disposable gloves and Whirl-Pac bag was used for 

collecting each individual sample.  Three lagoon liquid samples were collected at three 
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different sites within the lagoon at both the nursery facility and finishing facility.  Samples 

were collected from edge of the lagoon using a bottle attached to a long pole.  The sites 

were randomly selected.  During sample collection, the bottle was not allowed to move into 

the sludge layer.  Lagoon liquid samples were stored in sterile plastic bottles and kept on ice 

in the cooler.  Four soil samples were collected from each of the spray fields adjacent to the 

nursery facility and finishing facility.  Sampling locations from within the fields were 

selected at random.  The upper 0-20 cm of soil were collected, stored on ice and transported 

to the lab to be analyzed within 6 hours.   

 

III.  Isolation of E. coli and Enterococcus 

E. coli   

Soil samples were subdivided into two portions, which were 0-5 cm from surface and 

below the 5 cm layer.  All the fecal, liquid, and subdivided soil samples were diluted in 

10-fold serial dilutions with sterile distilled water.  Dilutions were spread on m-FC agar 

(Becton, Dickinson and Company, Sparks, MD) for culturing E. coli.  The m-FC plates 

were incubated for 24 h at 44.5ºC in a water bath (Hurst and Crawford, 2002).  Dark blue 

colonies were indicative of fecal coliforms.  Fecal coliforms were later confirmed as E. coli 

with the use of the colilert system (IDEXX Laboratories Inc, Westbrook, ME) (Hurst and 

Crawford, 2002).  Sterile toothpicks were used to transfer the isolates from m-FC plates to 

96-microwell trays (pre-sterilized) filled with 200 μl colilert system.  Every colony was 

selected randomly and equally from the m-FC plates.  The isolate was scraped from the 

plates with the toothpick and thoroughly inoculated into one well of the 96-microwell trays.  
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After 24 h at 37ºC in an incubator, the presence of E. coli was confirmed if microwells 

turned fluorescent under ultraviolet light (Graves et al., 2002; Hurst and Crawford, 2002). 

Enterococcus  

Serial dilutions were spread on m-Enterococcus agar (Becton, Dickinson and 

Company, Sparks, MD) to culture Enterococcus.  The plates were incubated for 48 h at 

37ºC in an incubator.  After incubation, red to burgundy colored colonies were indicative of 

Enterococcus.  Sterile toothpicks were used to transfer the isolates to 96-microwell trays 

(pre-sterilized) filled with 200 µL Enterococcosel broth (Becton, Dickinson and Company, 

Sparks, MD).  After the 48 h incubation at 37ºC, isolates were confirmed as Enterococcus 

when the Enterococcosel broth turned black.  The black color was a result of esculin 

hydrolysis by the bacteria (Hurst and Crawford, 2002).  

 

IV.  Antibiotic Resistance Analysis (ARA) 

A. Stock solution preparation 

One hundred milliliter of each antibiotic stock solution was prepared according to 

Table 2.  These antibiotics were chosen because they are commonly used in both animals 

and humans, and are very important for both animal and human health.  The antibiotic 

resistance study based on these antibiotics has scientific and practical value. 

 

B.   Antibiotic Resistance Analysis (ARA) for E. coli and Enterococcus 

The antibiotic resistance profiles of the isolates were determined using a battery of 

antibiotics.  Isolates were inoculated onto plates containing different concentrations of each 

antibiotic.  For E. coli, antibiotics were cephalothin, erythromycin, oxytetracycline, 
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tetracycline, streptomycin, neomycin, and rifampicin; for Enterococcus, antibiotics were 

cephalothin, erythromycin, oxytetracycline, tetracycline, streptomycin, neomycin, 

chlortetracycline, vancomycin, and amoxicillin.  

Sets of ARA plates were prepared by adding different concentrations of antibiotics to 

Trypticase Soy Agar (TSA) (EMD Chemicals Inc, Darmstadt, Germany) before pouring 

plates.  Four grams of TSA were added into 100 ml distilled water in flasks, autoclaved and 

cooled.  Plates with different antibiotic concentrations were prepared by adding different 

volumes of stock solutions to TSA flasks which were poured into plates.  Different 

antibiotic concentration tests were used for E. coli and Enterococcus (Table 3.).  These 

concentrations were chosen because they were widely used in antibiotic resistance studies 

and bacterial source tracking research, which means that this research can also be used to 

expand the bacterial source tracking data library. 

The isolates were transferred with a stainless steel 48-prong replica-plater from 

96-microwell trays to a set of TSA plates containing various concentrations of antibiotics and 

to a control plate containing no antibiotic.  Any isolate that did not grow on the control 

plates were not used in the analysis.  The plates were incubated at 37°C (air incubator) for 

24 h for E. coli and for 48 h for Enterococcus.  After that, the growth of each isolate for 

each concentration of every antibiotic was determined.  In this study, only the isolates 

which displayed whole, fulfilled, round circles in the control plates were analyzed by ARA 

or PCR.  An isolate was considered to be resistant to a given concentration of antibiotic if 

growth on the antibiotic containing plate was comparable to the growth on control plate.  

For this result the isolate was recorded as “1”.  Any isolate that did not show comparable 
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growth in antibiotic containing plates as the control plates (i.e., that did not exhibit whole, 

fulfilled, round circles in the antibiotic containing plates) was recorded as “0”.   

 

V.  Polymerase Chain Reaction 

In order to characterize the genetic banding patterns of antibiotic resistant isolates, 25 

isolates were randomly selected from the ARA control plates for each sample for PCR 

analysis.  Three major steps were taken to achieve the banding patterns: PCR amplification, 

restriction fragment length polymorphism (RFLP) and gel electrophoresis.   

A.  PCR Amplification 

Individual colony from the ARA control plates that was resuspended in sterile water 

was used as DNA template.  Each PCR reaction contained 10 µL 5X Green Go Taq Flexi 

Buffer, 5 µL MgCl2 Solution, 1 µL Nucleotide Mix, 0.25 µL Go Taq Flexi DNA 

Polymerase, 30.75 µL Nuclease Free Water (Promega Corporation, Madison, WI), 1 µL 

Primers (Invitrogen Molecular Probes, Eugene, OR), and 1 µL DNA Template (Rademaker 

and de Bruijn, 1997).  Intergenic spacer regions located between the 16S and 23S rDNA 

regions of E. coli and Enterococcus were amplified.  Primers were designed manually that 

would anneal to highly conserved downstream 16S rDNA and upstream 23S rDNA 

sequences.  E. coli fingerprints were obtained by using 16S primer 

(5’-GGGAACCTGCGGTTGGATCA-3’) and 23S primer 

(5’-CCGTGTACGCTTAGTCGCTTA-3’).   Enterococcus fingerprints were obtained by 

using 16S primer (5’- GCCTAAGGTGGGATAGATGA-3’) and 23S primer (5’- 

CCCGTCCTTCATCGGCTCCTA-3’).  PCR amplification was performed with a 

thermocycler (Eppendorf AG, Hamburg, Germany).  The temperature program consisted of 
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94 ºC for 6 min, followed by 35 cycles consisting of 94 ºC for 1 min, 57 ºC for 1 min, and 

extension at 72 ºC for 1 min.  The reaction was terminated with a final extension step at 72 

ºC for 7 min and was finally held at 4 ºC.   

 

B.  Restriction Fragment Length Polymorphism (RFLP) 

Composition of digestion components was as follows: 0.5 μL restriction enzyme, 2 

μL 10x buffer, 1 μL bovine serum albumin acetylated (Promega Corporation, Madison, WI), 

5.5 μL sterile distilled water, and 10 μL PCR product.  Restriction enzymes used were Rsa I 

for E. coli and Mbo I for Enterococcus.  The tubes were centrifuged to ensure proper 

mixing and were incubated at 37 ºC for 3.5 hours.  The reaction was stopped by placing the 

tubes in the freezer. 

 

C.  Electrophoresis Protocols 

Agarose gel was prepared by 3% Agarose low-melting agarose (Fisher, Fair Lawn, 

NJ).  One point five μL of marker (100 bp ladder, Promega Corporation, Madison, WI) and 

9 μL 6x loading dye (Fermentas) were mixed on parafilm.  Three point five μL of the 

mixture was loaded into the first and last well of the gel.  Two to 2.4 μL of loading dye and 

2 to 2.2 μL of each RFLP reaction product were mixed on parafilm and then loaded into each 

well of agarose gel.  The gels were electrophoresed at 100 V for 80 min and stained 

overnight in Sybr Green I (Invitrogen Molecular Probes, Eugene, OR) at a ratio of 10 μL per 

200 mL water.  Gel images were captured in a UV machine (Syngene GeneGenius gel 

documentation system, Syngene, Frederick, MD) the next day. 
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VI.  Statistical Analysis 

Antibiotic Resistance Analysis data were analyzed using JMP (version 5.1; SAS 

Institute, Cary, NC), SAS (version 8; SAS Institute, Cary, NC) and Microsoft Office Excel 

(Microsoft Corporation, Redmond, WA).  Percentages of antibiotic resistant isolates were 

calculated by JMP and Excel.  The data were first sorted by season and bacteria, and the 

subsequent analysis was conducted separately for each classified group.  The percentages of 

antibiotic resistant isolates from the nursery and finishing fecal samples based on swine 

stages of development (nursery and finishing) and antibiotic tests (Table 3) were analyzed in 

SAS as a split-plot experimental design.  The growth stage of the swine was the whole plot 

variable, and the antibiotic tests was the split plot variable.  The significance level 

considered throughout the study was 0.05.  The SAS statistical code can be found in 

Appendix A. 

Gel images were analyzed by Gel-Pro Analyzer software (version 6.0; Media 

Cybernetics, Silver Spring, MD).  The positions of fragments on each gel were normalized 

by using the 100 bp ladder from 100 to 1500 bp as an external reference standard, and the 

normalization with the same external standard helped to compare multiple gels.   

Additionally, the discriminant analysis tool in JMP was used to evaluate the ARA 

and PCR binary data for their applicability to microbial source tracking.  Discriminant 

analysis is similar to cluster analysis, which can allow us to cluster data based on similarities.  

Discriminant analysis can produce a correct classification set for every known source isolate 

(nursery feces, nursery lagoon, finishing feces and finishing lagoon).  The rate of correct 

classification is determined by averaging the percentages of correctly classified isolates for 
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each source.  The purpose for analyzing ARA and PCR binary data by discriminant analysis 

is to determine the amount of overlap between source categories.   
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RESULTS AND DISCUSSION 

 

I. Numbers of E. coli and Enterococcus Recovered for Analysis 

E. coli or Enterococcus isolates were not recovered from soil samples for both cool 

and warm sampling seasons.  There were no isolates grown on both m-FC and 

mEnterococcus media for all 10-fold serial soil sample dilutions.  The number of E. coli and 

Enterococcus isolated from feces and lagoon samples for both cool and warm seasons are 

indicated in Table 4.  A total amount of 2496 E. coli isolates and 2496 Enterococcus 

isolates were isolated from cool season samples, which were three nursery fecal samples, 

three nursery lagoon liquid samples, four finishing fecal samples, and three finishing lagoon 

liquid samples.  For the warm season samples, samples were collected from the same 

sources as cool season samples.  No E. coli isolates were recovered from nursery lagoon 

samples large populations of other fecal coliform overpopulated the m-FC agar plates.  For 

the same reason E. coli was isolated from only one finishing lagoon liquid sample out of 

three.  Other media, such as EMB, was used to culture E. coli from nursery lagoon samples, 

however, isolation was unsuccessful.  A total of 1536 E. coli isolates and 2400 

Enterococcus isolates were isolated from warm season samples. 

The numbers of E. coli and Enterococcus isolates analyzed by antibiotic resistance 

analysis (ARA) are indicated in Table 5.  Isolates that did not grow on the ARA control 

plates were not evaluated by antibiotic resistance analysis.  A total of 2491 E. coli isolates 

and 1220 Enterococcus isolates from cool season samples were analyzed by ARA.  A total 

of 1525 E. coli isolates and 769 Enterococcus isolates from warm season samples were 

analyzed by ARA. 
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The numbers of E. coli and Enterococcus isolates evaluated by PCR are indicated in 

Table 6.  For majority of the samples, 25 isolates were randomly selected from each 

sample.  These isolates were selected from the isolates that were analyzed by ARA.  Some 

of samples had less than 25 isolates analyzed by PCR because the amount of the isolates 

grown on the ARA control plates was less than 25.  A total of 325 E. coli isolates and 314 

Enterococcus isolates from cool season were analyzed by PCR.  A total of 175 E. coli 

isolates and 275 Enterococcus isolates from warm season were analyzed by PCR. 

 

II. Antibiotic Resistance Analysis (ARA) 

Three pairs of comparisons were conducted for antibiotic resistance analysis (ARA) 

data.  These comparisons include evaluation of nursery fecal and nursery lagoon liquid 

samples, the comparison between finishing fecal and finishing lagoon liquid samples, and the 

comparison between nursery fecal and finishing fecal samples.  The difference between the 

fecal and the lagoon liquid samples can indicate whether the antibiotic resistant bacteria 

persist after lagoon treatment.  The difference between nursery fecal and finishing fecal 

samples may indicate whether swine development influence percentages of enteric bacteria 

resistant to antibiotics.   

A.  Cool Season E. coli 

A.1.  Nursery Fecal and Nursery Lagoon Liquid Samples 

The percentages of antibiotic resistant E. coli isolates from nursery fecal and nursery 

lagoon liquid samples are illustrated in Figure 3.  All antibiotic concentrations are indicated 

in Table 3.  The results of resistance to rifamycin, cephalothin and erythromycin which 

belong to three different antibiotic families are shown in Figure 3 (a).  Percentages of E. 
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coli isolates resistant to rifamycin and erythromycin were greater those from nursery fecal 

samples than those from nursery lagoon samples.  In addition, the percentages for nursery 

fecal samples did not change much according to the concentrations, around 35% for 

rifamycin and 80% for erythromycin; however, the percentages for nursery lagoon liquid 

samples displayed a sharp decrease with the increase of antibiotic concentration, from 29.7% 

at RIF60 to 4.4% at RIF90, and from 84.3% at ERY60 to 49% at ERY100.  For cephalothin 

test, the resistant isolate percentages increased from around 52% of the nursery feces to 

about 80% after lagoon treatment.   

The percentages of resistant isolates to oxytetracycline and tetracycline, which belong 

to the same antibiotic family-the tetracycline family are illustrated in Figure 3 (b).  The 

percentages of E. coli isolates from both samples resistant to oxytetracycline and tetracycline 

were very large, close to 100% at all concentrations except at TET15.   

The results for streptomycin and neomycin tests which belong to the aminoglycosides 

family are displayed in Figure 3 (c).  The percentages of resistant isolates were larger in 

nursery feces than nursery lagoon liquid at all streptomycin concentrations and NEO10.  

Furthermore, the percentages for nursery fecal samples did not change according to the 

concentrations for streptomycin except for STR15, but the percentages for nursery lagoon 

liquid samples decreased with increasing the antibiotic concentration.  However, almost 

80% of the isolates from nursery lagoon were resistant to the STR15 level.   

Overall, the percentages of E. coli resistant isolates from nursery feces were 

obviously larger than nursery lagoon liquid for rifamycin, erythromycin, streptomycin, and 

TET15 (Figure 3).  For cephalothin, the percentages of resistant isolates from nursery 

lagoon liquid were larger than isolates from feces.  All isolates were resistant to antibiotics 
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in the tetracycline family.     

 

A.2.  Finishing Fecal and Finishing Lagoon Liquid Samples 

The percentages of antibiotic resistant E. coli isolates from finishing fecal and 

finishing lagoon liquid samples are illustrated in Figure 4.  The results of resistance to 

rifamycin, cephalothin and erythromycin which belong to three different antibiotic families 

are shown in Figure 4 (a).  At RIF60 and RIF75, the percentages of E. coli isolates from 

finishing lagoon liquid samples were slightly greater than those from finishing fecal samples, 

but at RIF90, the percentages of finishing fecal samples were larger than those from finishing 

lagoon liquid samples.  For cephalothin and erythromycin, resistant-isolate percentages 

displayed an obvious increase after lagoon treatment.  The percentages of resistant isolates 

to these three antibiotics showed a decrease when the concentration of antibiotic increased.   

The percentages of resistant E. coli isolates to oxytetracycline and tetracycline which 

belong to the same antibiotic family are illustrated in Figure 4 (b).  All the percentages were 

very large for finishing fecal samples, close to 100%.  The percentages of oxytetracycline 

resistant isolates from finishing lagoon samples were very large too, close to 100% for all the 

concentrations.  Tetracycline resistant isolates displayed decreasing percentages after 

lagoon treatment to around 86%.   

The percentages of resistant E. coli isolates to streptomycin and neomycin isolated 

from finishing fecal and lagoon liquid samples are shown in Figure 4 (c).  At STR2.5, 

STR5.0 and NEO10, percentages decreased after lagoon treatment.  At STR7.5, STR10, 

and STR15, percentages increased after lagoon treatment.  For streptomycin, the 

percentages displayed a decreasing trend with an increase of the antibiotic concentration.   
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To sum up, finishing lagoon liquid had smaller percentages of resistant E. coli 

isolates than finishing fecal samples for RIF90, and tetracycline.  The lagoon liquid had 

greater percentages of resistant isolates for cephalothin and erythromycin.   

 

A.3.  Nursery Fecal and Finishing Fecal Samples 

The percentages of resistant E. coli isolates of nursery fecal and finishing fecal 

samples are illustrated in Figure 5.  Percentages of E. coli isolates resistant to rifamycin, 

cephalothin, and erythromycin are shown in Figure 5 (a).  For these antibiotics, nursery 

fecal samples had greater percentages of resistant isolates than finishing fecal samples. 

From Figure 5 (b), it is apparent that both nursery and finishing fecal samples close 

to100% of E. coli isolates were resistant to tetracycline. 

Nursery fecal samples had greater percentages of resistant isolates for streptomycin 

and neomycin than finishing fecal samples (Figure 5 (c)).  And with the increase of 

antibiotic concentration, percentages of resistant isolates from nursery fecal samples did not 

change much, from 100% to 95%.  But percentages for finishing fecal samples displayed an 

obvious decrease, from 100% to 44.3%.  Percentages of isolates from both nursery and 

finishing fecal samples were large, close to 100% and did not decrease with increasing 

antibiotic concentrations.   

Overall, for most antibiotic test, nursery fecal samples had larger percentages of 

resistant E. coli isolates than finishing fecal samples.   

A statistical model was used to analyze the significance of antibiotic tests and the 

swine stages of development (nursery or finishing).  The data was first classified by season 

(cool and warm) and bacteria (E. coli and Enterococcus), and the subsequent analysis was 
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conducted separately for each classified group.  The percentages of antibiotic resistant 

isolates from the nursery and finishing fecal samples based on the swine stages of 

development and antibiotic tests were analyzed in SAS as a split-plot experimental design.  

The stages of development of the swine was the whole plot variable, and the antibiotic test 

was the split plot variable.  The significance level considered throughout the study was p < 

0.05.  The P-values for the variables are indicated in Table 7.  The antibiotic test was 

statistically significant for all the isolates.  Swine development was statistically significant 

for Enterococcus in cool season and E. coli in warm season.  Stages of Development and 

antibiotic test interaction was statistically significant for Enterococcus in cool season and E. 

coli in warm season, which means that for these two classified group, the application of a 

certain type of antibiotics at a certain level was different for nursery and finishing swine.   

The output of the SAS model for significance tests of percentage means of resistant 

isolates from nursery and finishing swine fecal samples for different antibiotic tests for E. 

coli in cool season are indicated in Appendix B (p-values can be found in Table 2 of 

Appendix B).  The significance level considered throughout the study was p < 0.05.  For 

the antibiotic tests of CEP25, CEP35, ERY90, ERY100, STR10, and STR15, the percentage 

means of nursery and finishing fecal samples were significantly different.  In addition, for 

each sample source, the significance test of the percentage means based on antibiotic 

concentrations can also be found from the tables in Appendix B.   For nursery swine fecal 

samples, percentage means were not significant based on the levels for all the antibiotics.  

For finishing swine fecal samples, percentage means were not significant based on levels for 

rifamycin, cephalothin, oxytetracycline, tetracycline, and neomycin.  For erythromycin, 

percentage means were not significantly different for ERY60 and ERY70; percentage means 
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were not significantly different for ERY90 and ERY100, either; but percentage means at 

ERY60 and ERY70 were significantly different from that at ERY90 and ERY100.  For 

streptomycin, there were no significant difference between adjacent concentrations, but were 

significantly different for other concentrations.  

 

B.  Cool Season Enterococcus 

B.1.  Nursery Fecal and Nursery Lagoon Liquid Samples 

Percentages of resistant Enterococcus isolates from nursery fecal and nursery lagoon 

liquid samples are illustrated in Figure 6.  All antibiotic levels are indicated in Table 3.  

Percentages of resistant isolates decreased after lagoon treatment for all the antibiotic levels 

except vancomycin.  For nursery fecal samples, percentages were all greater than 80%.  

After lagoon treatment, the percentages of isolates resistant to cephalothin dropped to 27.4% 

at CEP10, and 2.9% at CEP50.  For erythromycin, the percentages of resistant isolates 

decreased to around 60% after lagoon treatment.  For amoxicillin, percentages of resistant 

isolates decreased from 81.9% in the feces to 12.1% in the lagoon liquid.  However, for 

vancomycin, 0.2% of the isolates displayed resistance in the nursery fecal samples; but there 

were about 11.3% isolates resistant to vancomycin in the lagoon liquid.  

For chlorotetracycline, the percentages were about 5% less for the lagoon samples 

than for fecal samples.  For oxytetracycline, percentages were 50% less after lagoon 

treatment at OTC20 and 70% less at OTC100; for tetracycline, percentages were 44% less at 

TET10 and 78% less at TET100.  In addition, percentages of fecal samples did not change 

much with increasing antibiotic concentrations, but percentages of resistant isolates from 

lagoon liquid samples decreased as the antibiotic concentration increased.  In addition, the 
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three antibiotics which belong to the same antibiotic family had similar resistant patterns 

within the same source. 

Percentages of Enterococcus isolates resistant to streptomycin and neomycin 

decreased after lagoon treatment.  The percentages of resistant isolates from fecal samples 

were around 90%, but they decreased to around 57% in the lagoon liquid samples.  

Additionally, two antibiotics which were in the same antibiotic family had similar resistant 

patterns within the same sample source. 

To summarize, for majority of the antibiotic tests, percentages of resistant 

Enterococcus isolates were lower in lagoon samples than fecal samples, except for 

vancomycin.  Antibiotics which belong to the same antibiotic family had similar resistant 

patterns within the same source. 

 

B.2.  Finishing Fecal and Finishing Lagoon Liquid Samples 

Percentages of resistant Enterococcus isolates from finishing fecal and finishing 

lagoon liquid samples are illustrated in Figure 7.  Percentages of resistant isolates from 

finishing fecal samples were less than those of the lagoon samples for majority of antibiotic 

tests except vancomycin.  For vancomycin, the percentage decreased 4% after lagoon 

treatment.  For cephalothin and amoxicillin, percentages were around 22% higher in 

samples of lagoon liquid.  For erythromycin, percentages of resistant isolates were 5% 

higher in lagoon samples than in fecal samples. 

For three tetracycline family antibiotics, percentages of resistant isolates were 20% 

higher in lagoon samples than in fecal samples.  The percentages of resistant isolates 

decreased with increasing of antibiotic concentrations for both fecal and lagoon samples and 
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the three antibiotics displayed similar resistant patterns. 

Percentages of resistant isolates were 20% higher in lagoon samples than in fecal 

samples for streptomycin and neomycin.  Enterococcus resistant patterns were similar for 

these two antibiotics. 

Overall, percentages of resistant isolates were greater in lagoon liquid samples than in 

fecal samples for the majority of antibiotic tests.  In addition, antibiotics which belong to 

the same antibiotic family had similar resistant patterns.  

 

B.3.  Nursery Fecal and Finishing Fecal Samples 

Percentages of resistant Enterococcus isolates from nursery fecal and finishing fecal 

samples are illustrated in Figure 8.  Nursery fecal samples had much greater percentages of 

resistant isolates than finishing fecal samples for all antibiotic tests except vancomycin.  All 

percentages of resistant isolates from nursery fecal samples except vancomycin were very 

high, in the range of 81.9% to 99.3%.  But the percentages of finishing fecal samples were 

in the range of 8.8% to 77.2%. 

The output of the SAS model for significance tests of percentage means of resistant 

Enterococcus isolates from nursery and finishing swine fecal samples for different antibiotic 

tests in cool season are indicated in Appendix C (p-values can be found in Table 2 of 

Appendix C).  The significance level considered throughout the study was p < 0.05.  For 

all antibiotic test levels except CTC60 and CTC80, the percentage means of resistant isolates 

from nursery and finishing fecal samples were significantly different.  Additionally, for 

nursery samples, percentage means were not significant based on the concentrations of all 

the antibiotic tests.  For finishing swine samples, percentage means were not significant 
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based on the levels by cephalothin, erythromycin, streptomycin and neomycin.  For 

chlorotetracycline, percentage means were not significantly different between CTC60 and 

CTC80, CTC80 and CTC100, but were significantly different for CTC60 and CTC100.  For 

oxytetracycline and tetracycline, there were no significant difference between adjacent 

concentrations, but were significantly different for other concentrations.   

 

C.  Warm Season E. coli 

C.1.  Finishing Fecal and Finishing Lagoon Liquid Samples 

Percentages of resistant E. coli isolates from finishing fecal and finishing lagoon 

liquid samples collected in warm season are illustrated in Figure 9.  For rifamycin and 

erythromycin, percentages of resistant isolates were obviously greater in lagoon samples than 

in fecal samples.  For neomycin, percentages were lower in lagoon samples.  No obvious 

trend was found for other antibiotics.  Also, antibiotics within the same family displayed 

similar resistance patterns for the isolates from the same source. 

 

C.2.  Nursery Fecal and Finishing Fecal Samples 

 Percentages of resistant E. coli isolates from nursery fecal and finishing fecal samples 

are illustrated in Figure 10.  For majority of antibiotic tests, nursery fecal samples had 

larger resistant percentages than finishing fecal samples.  For NEO2.5, finishing fecal 

samples had larger percentages of resistant isolates than nursery fecal samples.  Percentages 

were smallest for the rifamycin test, all less than 16%. 

The output for the significance tests of percentage means of resistant E. coli isolates 

from nursery and finishing swine fecal samples by different antibiotic tests in warm season 
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was indicated in Appendix D (p-values can be found in Table 2 of Appendix D).  The 

significance level considered throughout the study was p < 0.05.  The percentage means of 

resistant isolates from nursery and finishing fecal samples were significantly different for the 

test of ERY60, ERY70, ERY90, ERY100, STR10, STR15, and NEO2.5.  Additionally, for 

nursery samples, percentage means were not significant based on the levels for all the 

antibiotic tests.  For finishing swine samples, percentage means were not significant based 

on the levels for riphamycin, cephalothin, oxytetracycline, and tetracycline.  For 

erythromycin, percentage means were not significantly different among ERY60, ERY70, and 

ERY90, but these three were significantly different from ERY100.  For streptomycin, 

percentage means of STR2.5 and STR5.0 were significantly different from STR7.5 and 

STR10.  Percentage mean of STR10 was not significantly different from STR15, but 

percentage mean of STR7.5 was significantly different from STR15.  For neomycin, 

percentage means of NEO2.5 was significantly different from NEO5 and NEO10.   

 

D.  Warm Season Enterococcus 

D.1.  Nursery Fecal and Nursery Lagoon Liquid Samples 

 Percentages of resistant Enterococcus isolates from warm season nursery fecal and 

nursery lagoon liquid samples are illustrated in Figure 11.  Nursery fecal samples showed 

larger percentages of resistant isolates than lagoon liquid samples for most of the antibiotic 

tests except VAN2.5 and TET100.  For cephalothin, erythromycin, chlorotetracycline, 

oxytetracycline, tetracycline, and neomycin, the percentages decreased as antibiotic 

concentrations increased for both fecal and lagoon liquid samples.  For streptomycin, 

percentages did not change much with the increase of antibiotic levels for fecal samples.  



 

 44

Percentages of vancomycin resistant isolates were very low for both fecal and lagoon liquid 

samples, 2.6% in the fecal samples and 3.5% in the lagoon samples.  Percentages of 

amoxicillin resistant isolates displayed a large decrease after lagoon treatment, from 31.7% 

in the fecal samples to 3.9% in the lagoon samples.  In addition, chlorotetracycline, 

oxytetracycline, and tetracycline showed similar trends, as percentages of resistant isolates 

decreased with the increasing of antibiotic concentrations.   

 

D.2.  Finishing Fecal and Finishing Lagoon Liquid Samples 

The percentages of resistant Enterococcus isolates from warm season finishing fecal 

and finishing lagoon liquid samples are compared in Figure 12.  Percentages of resistant 

isolates from fecal samples were larger than for lagoon samples for the majority of antibiotic 

tests except vancomycin, streptomycin and neomycin.  In addition, it was very obvious that 

the antibiotics within the same antibiotic family had similar resistant patterns.  Isolates 

resistant to chlorotetracycline, oxytetracycline and tetracycline all displayed an obvious 

decreased trend with increasing of antibiotic levels.  For both streptomycin and neomycin 

percentages of resistant isolates did not decrease much as antibiotic levels increased.  

 

D.3.  Nursery Fecal and Finishing Fecal Samples 

Percentages of resistant Enterococcus isolates from warm season nursery fecal and 

finishing fecal samples are illustrated in Figure 13.  For cephalothin, percentages of 

resistant isolates were larger in finishing fecal samples than in nursery feces.  Percentages 

of resistant isolates in nursery feces were larger than in finishing feces for all erythromycin 

tests.  Both cephalothin and erythromycin tests, percentages displayed a decreased trend 
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with increasing levels of antibiotics.  Percentages of vancomycin resistant Enterococcus 

were very low for both nursery and finishing fecal samples, which was 2.6%.  Percentage of 

amoxicillin resistant Enterococcus from nursery feces was larger, which was 31.7% in the 

nursery feces and 8.5% in the finishing feces. 

Percentages of resistant isolates in nursery feces were larger than in finishing fecal 

samples for majority of tests except CTC60 and CTC80.  In addition, the resistant patterns 

were similar for the three antibiotics; all displayed a similar trend with percentages 

decreasing with increasing of antibiotic levels. 

Percentages of Enterococcus resistant to streptomycin and neomycin from nursery 

fecal samples were larger than for finishing fecal samples for all the antibiotic levels.  And 

the trends of the change of percentages with the increase of the levels were similar for these 

two antibiotics, which was that the changes were not much as the antibiotic levels increased. 

Overall, for majority antibiotic test, percentages of resistant Enterococcus from 

nursery fecal samples were larger than that from finishing fecal samples.  The output for the 

significance tests of percentage means of resistant Enterococcus isolates from nursery and 

finishing swine fecal samples by different antibiotic tests in warm season are indicated in 

Appendix E (p-values can be found in Table 2 of Appendix E).  The significance level 

considered throughout the study was p < 0.05.  The percentage means of resistant isolates 

from nursery and finishing swine fecal samples were significantly different at all the levels 

of streptomycin and neomycin; means were not significantly different for other antibiotic 

tests.  In addition, for nursery swine fecal samples, the percentage means were not 

statistically significant based on levels for erythromycin, chlorotetracycline, streptomycin 

and neomycin.  For cephalothin, percentage means were statistically significant except for 
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two adjacent concentrations.  For oxytetracycline, percentage means of OTC20 were 

significantly different from OTC60, OTC80 and OTC100; percentage means of OTC40 were 

significantly different from OTC80 and OTC100.  For tetracycline, percentage means of 

TET100 was significantly different from other levels; and percentage means of TET50 was 

significantly different from TET10 and TET15.  For finishing swine samples, the 

percentage means were not statistically significant based on levels for streptomycin and 

neomycin.  For cephalothin, percentage means of CEP10 and CEP15 were significantly 

different from CEP50.  For erythromycin, percentage means of ERY10 was significantly 

different from ERY50.  For chlorotetracycline, percentage means of CTC60 was 

significantly different from CTC100.  For oxytetracycline, percentage means of OTC20 was 

significantly different from other levels; and percentage means of OTC100 was significantly 

different from OTC40 and OTC60.  For tetracycline, there were no significant difference 

between adjacent concentrations, but were significantly different for other concentrations.  

 

E. Summary of ARA 

E. coli or Enterococcus isolates were not recovered from any of the soil samples in 

both cool and warm season.  E. coli were not isolated from nursery lagoon liquid samples 

collected in the warm season because plates were overgrown with too many other species of 

bacteria.  E. coli and Enterococcus isolates from all the fecal and lagoon liquid samples 

displayed multiple antibiotic resistance.  All the isolates showed resistance to more than one 

antibiotic.  For the isolates from the same source, the resistance patterns were similar for the 

antibiotics within the same antibiotic family, because the antibiotics from the same antibiotic 

family had similar chemical structure to which the bacteria may have similar resistance 
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mechanisms.  E. coli showed higher percentages of resistance to antibiotics within 

tetracycline family compared to other antibiotic tests.  Tetracycline family antibiotics have 

widely been used as growth promoter for animals for a long period of time, which may have 

caused the enteric bacteria to be highly resistant to these antibiotics.  Similar results were 

found from other research (Langlois and Dawson, 1986; Mathew et al., 1998).  

Additionally, vancomycin resistant Enterococcus was detected in this study.  Even though 

the percentages of resistance were not great, this is relevant because vancomycin is an 

important antibiotic to cure the disease caused by Enterococcus, therefore, emergence of 

vancomycin resistant Enterococcus should attract people’s attention.  

No apparent seasonal variation was found by comparing the ARA data of cool season 

and warm season.  It was important to compare the fecal samples and the lagoon liquid 

samples because lagoons are widely used as a means to treat manure.  After lagoon 

treatment, the effluent is applied to neighboring fields; as a result, antibiotic resistant bacteria 

that persist after lagoon treatment may contribute to potential environmental health risks.  It 

was also important to compare the bacteria antibiotic resistance from nursery swine sites and 

finishing swine sites.  The comparison between these two stages of development can show 

the effect of swine growth on the enteric bacteria antibiotic resistance.  According to the 

results, for nursery swine site samples, percentages of antibiotic resistant isolates of both E. 

coli and Enterococcus decreased after lagoon treatment for majority of antibiotic tests.  For 

finishing swine site samples, no such trend was obvious.  Percentages of resistant E. coli 

and Enterococcus isolates were greater in nursery fecal samples than in finishing fecal 

samples for majority of antibiotic tests and some percentage means were significantly 

different.  Similar results were observed by others which reported that higher percentages of 
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resistant bacteria were found in young animals than the old ones (Langlois and Dawson, 

1986; Linton et al., 1972; Mathew et al., 1998).  Explanations for this may be that bacteria 

can more easily colonize the intestinal tract of younger swine than the old ones, or higher 

potential for resistance transfer between bacteria in intestinal tract of young swine (Langlois 

and Dawson, 1986; Mathew et al., 1998).   

Furthermore, the levels of the antibiotics in this study were chosen according to the 

bacterial source tracking research so that the results of this study could be added to the 

database for future bacterial source tracking work.  Several concentrations were used for 

each antibiotic in order that minimum inhibitory concentration (MIC) can be reached.  The 

MIC is the lowest concentration of the antibiotic that results in inhibition of visible growth 

(i.e. colonies on a plate or turbidity in broth culture) under standard conditions.  Because 

determination of MIC tests of the isolates was not conducted in this study, we can not verify 

this.  Bager er al (Bager et al., 1997) found that Enterococcus faecium displayed high-level 

resistance to vancomycin with MIC > 64 µg/mL on pig farms.  Delsol et al (Delsol et al., 

2005) found out that the MIC profiles of Enterococcus isolated from avilamycin prior treated 

pigs had the MIC profiles of tetracycline ranging between 0.25 to 32 mg/L and vancomycin 

of 0.5 to 2 mg/L.  Similar test were done for Enteric E. coli.  The MIC profiles were 

erythromycin 32-64 mg/L, and tetracycline ranging from 0.25 to 256 mg/L.  Therefore, the 

MIC value of the isolates may vary according to samples and isolates.  Interestingly, even 

isolates recovered from the same sample source, may have different MIC values. 

The results in this study suggest that populations of E. coli isolates were reduced 

from 6.9 log10 per 100 mL to 5.3 log10 per 100 mL in the lagoon, which is similar to results 

reported by Hill and Sobsey (2003).  To the contrary, the results for Enterococcus did not 
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show much difference before and after lagoon treatment, both populations were around 4.7 

log10 per 100 mL.   

Because most swine remained healthy and pathogenic tests were not conducted in 

this study, we can not explain how antibiotic resistance affected the health of the animals or 

effects on the efficiency of potential therapeutic value.  But it might be suggested that 

performance benefits associated with subtherapeutic use may be compromised by large-scale 

resistance.     

 

III.   PCR 

Figure 14 and 15 showed the typical fingerprints of E. coli and Enterococcus isolates 

generated by PCR.  The banding patterns of isolates from different sample sources were 

similar, but not always identical.  Molecular weight of each band was analyzed and the 

percentages of isolates having bands at specific molecular weight regions are illustrated in 

Figure 16 to 26.   The molecular weight was divided into 16 regions, 50 bp increments 

from 100 bp fragments to 800 bp fragments.  This was done because there were very few 

bands smaller than 100 bp and larger than 800 bp, and most 50 bp regions within 100 to 800 

bp had only one band within them.  For E. coli bands in the region of < 200 bp and for 

Enterococcus in the region of < 100 bp were fuzzy and probably were the fingerprints of the 

primers.  Band lengths were quantified and converted to binary data in each region. 

A.  Cool Season E. coli 

A.1.  Nursery Fecal and Nursery Lagoon Liquid Samples 

 The banding patterns of E. coli isolated from nursery fecal and nursery lagoon liquid 

samples in cool season are illustrated in Figure 16.  Very small percentages of E. coli 
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isolates had bands at < 150 bp, 201-250bp, and > 700 bp regions for nursery fecal and lagoon 

liquid samples, less than 10%.  Most of the bands fell in the region of 251 to 700 bp.  

Nursery fecal samples had higher percentages of isolates with bands in the region of 251-300 

bp and 351-400 bp than nursery lagoon liquid samples.  While nursery lagoon liquid 

samples had higher percentages of isolates with bands in the region of 401 to 700 bp.   

 

A.2.  Finishing Fecal and Finishing Lagoon Liquid Samples 

Banding patterns of E. coli isolated from four finishing fecal and three finishing 

lagoon liquid samples are indicated in Figure 17.  The banding patterns of the two source 

samples were similar.  Finishing fecal samples had higher percentages of E. coli isolates 

with bands in the region of 251 to 600 bp and 701-750 bp.  While finishing lagoon liquid 

samples had higher percentages of isolates having band in the region of 601-650 bp and 

751-800 bp.   

 

A.3.  Nursery Fecal and Finishing Fecal Samples 

 Banding patterns of E. coli isolated from nursery fecal and finishing fecal sample are 

illustrated in Figure 18.  Both had around 80% of the isolates with bands in the region of 

251-300 bp.  Finishing fecal samples had higher percentages of isolates having bands in the 

majority of molecular weight regions except 351-400 bp and 601-650 bp.   
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B.  Cool Season Enterococcus 

B.1.  Nursery Fecal and Nursery Lagoon Liquid Samples 

Figure 19 displayed the banding patterns of Enterococcus isolated from nursery fecal 

and nursery lagoon liquid samples in cool season.  Enterococcus had different banding 

patterns from E. coli.  The bands mostly fell in the region <500 bp.  The banding patterns 

of isolates from nursery fecal and nursery lagoon liquid were similar.  Close to 100% 

Enterococcus isolates have bands in the region of 151 to 200 bp.  Nursery fecal samples had 

higher percentages of isolates found bands in the region of 201 to 250 bp than nursery lagoon 

liquid samples, which was around 90% for the fecal samples and 40% for the lagoon liquid 

samples.  Nursery lagoon had about 10% more isolates having bands in the regions of 

251-300 bp and 451-500 bp and 10% less isolates having bands in the region of 301-350 bp 

than nursery fecal samples.  They had similar percentages in the region of 351-450 bp.    

 

B.2.  Finishing Fecal and Finishing Lagoon Liquid Samples 

Percentages of Enterococcus isolated from finishing fecal and finishing lagoon liquid 

samples in cool season with bands at specific molecular weight regions were illustrated in 

Figure 20.  Finishing fecal samples had higher percentages of isolates with band in the 

regions of 100-200 bp and 401-450 bp.  While finishing lagoon had higher percentages of 

isolates with bands in the region of 201-400bp. 

 

B.3.  Nursery Fecal and Finishing Fecal Samples 

Banding patterns of Enterococcus isolated from nursery fecal and finishing fecal 

samples in cool season are presented in Figure 21.  Nursery fecal samples had higher 
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percentages of Enterococcus isolates with bands in the majority of regions except 100-150 

bp.  Nursery fecal samples had greater than 90% of the isolates having bands in the region 

of 151-250 bp and around 90% of the isolates with bands in the region of 301-350 bp.   

 

C.  Warm Season E. coli 

C.1.  Finishing Fecal and Finishing Lagoon Liquid Samples 

 Percentages of E. coli isolated from finishing fecal and finishing lagoon liquid 

samples in warm season with bands at specific molecular weight regions are illustrated in 

Figure 22.  Finishing fecal samples had about 30% more isolates with bands in the region of 

351 to 400 bp than finishing lagoon liquid samples.  While finishing lagoon liquid samples 

had higher percentages of isolates with bands in the other regions. 

 

C.2.  Nursery Fecal and Finishing Fecal Samples 

Banding patterns of E. coli isolated from nursery fecal and finishing fecal samples in 

warm season are indicated in Figure 23.  Isolates from the two samples displayed different 

banding patterns.  Finishing fecal samples had 10% to 20% more isolates with bands in the 

regions of 201 to 300 bp, and about 50% more isolates had bands within 351 to 400 bp.  

Nursery fecal samples had higher percentages of isolates with bands in the other molecular 

weight regions. 
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D.  Warm Season Enterococcus 

D.1.  Nursery Fecal and Nursery Lagoon Liquid Samples 

 Banding patterns of Enterococcus isolated from nursery fecal and nursery lagoon 

liquid samples in warm season are illustrated in Figure 24.  Banding patterns of the isolates 

from two samples were similar except in the region of 351 to 450 bp.  In the region of 351 

to 400 bp, nursery fecal samples had about 50% more isolates having bands than nursery 

lagoon liquid samples.  But in the region of 401 to 450 bp, nursery lagoon liquid samples 

had 20% more Enterococcus isolates with bands than nursery fecal samples.   

 

D.2.  Finishing Fecal and Finishing Lagoon Liquid Samples 

Banding patterns of Enterococcus isolated from finishing fecal and finishing lagoon 

liquid samples in warm season are illustrated in Figure 25.  Isolates from the two samples 

displayed similar banding patterns.  With much as 80% of the isolates have bands in 151 to 

200 bp region for both two samples.  Around 50% of the isolates have bands in the region 

of 201 to 300 bp and 70% of the isolates have bands in the region of 301 to 350 bp.  Ten 

percent to 20% more isolates from finishing fecal samples have bands in the 351 to 450 bp 

region than isolates from finishing lagoon liquid samples. 

 

D.3.  Nursery Fecal and Finishing Fecal Samples 

Small differences in banding patterns of Enterococcus isolated from nursery fecal and 

finishing fecal samples in warm season were observed (Figure 26).  Nursery fecal samples 

had higher percentages of isolates having bands in the regions of 151 to 250 bp and 351 to 

400 bp than finishing fecal samples, which were about 10% more in 151 to 200 bp, 28% 
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more in 201 to 250 bp, and 40% more in 351 to 400 bp.  On the other hand, around 20% 

more isolates from finishing fecal samples have bands in the regions of 251 to 350 bp, and 

401 to 500 bp.   

 

IV.  Discriminant Analysis of ARA and PCR Data 

A. Discriminant Analysis of ARA Data 

Cool Season E. coli 

Results of discriminant analysis for ARA data of cool season E. coli isolates from 

four source categories are illustrated in Table 8.  The isolates analyzed by discriminant 

analysis were the ones that were also selected by PCR evaluation.  The bold data mean the 

percentages of isolates that are correctly classified in the source category.  Take finishing 

feces for example, 100 isolates were recovered from finishing fecal samples.  73% of these 

100 isolates were clustered correctly as the finishing feces; 5% of them were closely related 

to finishing lagoon; 6% of the isolates were closely related to nursery feces; and 16% of the 

isolates were similar to nursery lagoon.  For finishing lagoon samples, the percentage of 

correct classification is 52%; for nursery fecal samples, the percentage of correct 

classification is 66.67%; and for nursery lagoon samples, the percentage of correct 

classification is 80%.  This indicates much overlap of antibiotic resistance patterns among 

sources.  If finishing feces and finishing lagoon were combined as a finishing source, and 

nursery feces and nursery lagoon were combined as a nursery source, the percentages of 

correct classification by these two source categories became higher.  The percentages of 

correct classification were 74.86% for the finishing source and 82% for the nursery source 

(Table 9).  
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Cool Season Enterococcus    

Results of discriminant analysis for ARA data of cool season Enterococcus isolates 

from four source categories are shown in Table 10.  Also, the bold data mean the 

percentages of isolates that are correctly classified in the source category.  For finishing 

fecal samples, the percentage of correct classified isolates is 72.34%; for finishing lagoon 

samples, the percentage of correct classification is 56%; for nursery fecal samples, the 

percentage of correct classification is 97.33%, which is very high; and for nursery lagoon 

samples, the percentage of correct classification is 39.73%.  There are also a lot of overlaps 

of antibiotic resistance patterns among sources.  If feces and lagoon were combined, the 

percentages of correct classification by these two source categories were 78.7% for finishing 

source and 68.24% for nursery source (Table 11).  

 

Warm Season E. coli 

Results of discriminant analysis for ARA data of warm season E. coli isolates from 

four source categories are shown in Table 12.  Also, the bold data mean the percentages of 

isolates that are correctly classified in the source category.  For finishing fecal samples, the 

percentage of correct classified isolates is 89%; for finishing lagoon samples, the percentage 

of correct classification is 52%; for nursery fecal samples, the percentage of correct 

classification is 92%, which is very high.  There are some overlaps of antibiotic resistance 

patterns among sources.  If feces and lagoon were combined, the percentages of correct 

classification by these two source categories increased, which were 92.8% for finishing 

source and 92% for nursery source (Table 13).  
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Warm Season Enterococcus 

Results of discriminant analysis for ARA data of warm season Enterococcus isolates 

from four source categories are illustrated in Table 14.  Also, the bold data mean the 

percentages of isolates that are correctly classified in the source category.  For finishing 

fecal samples, the percentage of correct classified isolates is 60%; for finishing lagoon 

samples, the percentage of correct classification is 73.85%; for nursery fecal samples, the 

percentage of correct classification is 70.67%; and for nursery lagoon samples, the 

percentage of correct classification is 40%.  There are also many overlaps of antibiotic 

resistance patterns among sources.  If feces and lagoon were combined, the percentages of 

correct classification by these two source categories were 81.43% for finishing source and 

64.44% for nursery source (Table 15).  

 

B. Discriminant Analysis of PCR Data 

Cool Season E. coli 

Discriminant analysis results of the percentages and number for PCR data of cool 

season E. coli isolates from four sources are indicated in Table 16.  Considerable overlap 

between sources was observed.  The percentage of isolates which was correctly classified as 

finishing feces was high, 89%.  But the percentages of the other three sources were low, all 

less than 70%.  However, the results of classification of isolates by nursery and finishing 

source categories were better (Table 17).  Both the percentages of correct classification 

were larger than 70%. 
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Cool Season Enterococcus    

The percentages and number of cool season Enterococcus isolates which were 

correctly classified for PCR banding patterns by four sources are displayed in Table 18.  

There was also considerable overlap among sources.  The percentage of correct 

classification for nursery feces was large, close to 90%; the percentages of correct 

classification for other three sources were low, especially for the finishing lagoon, which was 

only 38.67%.  The percentages of correct classification became larger if combine feces and 

lagoon together, which were around 80% for both nursery and finishing source category 

(Table 19). 

 

Warm Season E. coli 

The percentages and number of warm season E. coli isolates which were correctly 

classified for PCR banding patterns by three source categories are displayed in Table 20.  

The percentages of correct classification for finishing feces and nursery feces were both 

high, no less than 80%; but the percentage of correct classification for finishing lagoon was 

very low, 44%.  The results for classifying isolates by nursery and finishing swine were 

better, around 80% (Table 21). 

 

Warm Season Enterococcus 

Discriminant analysis results of the percentages and number for PCR banding 

patterns of warm season Enterococcus isolates correctly classified by four sources are 

indicated in Table 22.  There was considerable overlap among the four sources.  The 

percentages of correctly classified isolates by four sources were low except for nursery feces.  
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If combining feces and lagoon together, the percentages of correct classification became 

larger, which were 56.97% for finishing source and 71.72% for nursery source (Table 23). 

 

Discriminant analysis has been widely used in bacterial source tracking research 

(Dickerson et al., 2007; Graves et al., 2007; Graves et al., 2002).  Even though source 

tracking research was not conducted in this study, analyzing ARA and PCR data in this 

method can give us a clear picture of how much overlap is between different source 

categories.  In addition, this method can help us to determine what data is valuable to add to 

the bacterial source tracking database.  Antibiotic resistance patterns and molecular banding 

patterns of the isolates were not unique to a specific source.  The results of the discriminant 

analysis displayed that there was considerable overlap among nursery feces, nursery lagoon, 

finishing feces and finishing lagoon sources.  If combining feces and lagoon together, the 

percentages of correct classification became larger.  The results suggest that both antibiotic 

resistance analysis and PCR would best be used for identifying fecal contamination from 

swine sources based on broad categories (nursery versus finishing) instead of relying on 

these procedures for specific identification of lagoon and feces separately. 
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CONCLUSIONS 

 
The objectives of this study were to compare the antibiotic resistance patterns and 

molecular fingerprint patterns of enteric bacteria E. coli and Enterococcus: 1) before and 

after lagoon treatment; 2) in two different stages of swine development (nursery and 

finishing); 3) in two seasons (warm and cool).  E. coli and Enterococcus isolates from all 

the fecal and lagoon liquid samples displayed multiple antibiotic resistance.  Isolates 

recovered from the same source had resistance patterns similar for the antibiotics within the 

same antibiotic family.  E. coli showed higher percentages of resistance to antibiotics within 

the tetracycline family compared to other antibiotic tests.  Vancomycin resistant 

Enterococcus was detected and 9% of the isolates were resistant to vancomycin.  The ARA 

results of cool season and warm season were not statistically different.  Percentages of 

resistant E. coli and Enterococcus isolates were greater in nursery fecal samples than in 

finishing fecal samples for the majority of antibiotic tests and some percentage means were 

significantly different.  For nursery swine samples, percentages of antibiotic resistant 

isolates of both E. coli and Enterococcus decreased after lagoon treatment for the majority of 

antibiotic tests.  For finishing swine site samples, no such trend was obvious.  Even though 

percentages of antibiotic resistant isolates decreased after lagoon treatment for nursery swine 

site, some antibiotic resistant isolates still survived in the lagoon liquid for both sampling 

sites, which may cause potential risk to human and environmental health.  Because 

antibiotic resistance may affect later therapeutic and subtherapeutic value of these 

antibiotics, new management strategies for use of agricultural antibiotics may need to be 

developed.   
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The antibiotic resistance patterns and molecular banding patterns of the isolates were 

not unique to a specific source.  The results displayed substantial overlap among nursery 

feces, nursery lagoon, finishing feces and finishing lagoon samples.  However, when the 

feces and the lagoon isolates were combined and classified as nursery and finishing swine 

source, the percentages of correctly classified isolates were close to 80%.  The results 

suggest that ARA and PCR would best be used for identifying fecal contamination from 

swine sources based on broad categories (nursery versus finishing) instead of relying on 

these procedures for specific identification of lagoon and feces separately. 

Because most swine remained healthy and pathogenic tests were not conducted in 

this study, how antibiotic resistance affected the health of the animals or effect on the 

efficiency of potential therapeutic value can not be determined.  However, performance 

benefits associated with subtherapeutic use may be compromised by development of 

large-scale resistance.  In the future work, pathogenic tests should be conducted to 

determine whether the antibiotic resistance can influence the therapeutic value of the 

antibiotics.  Since specific primers were not designed and antibiotic resistance genes were 

not sequenced in this study, whether the PCR fingerprints represent the antibiotic resistance 

genes can not be determined.  In the future work, specific primers should be designed to 

amplify specific antibiotic resistance genes and the genes should be sequenced to determine 

whether the isolates contain specific antibiotic resistance genes.   
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Table 1. Major antibiotic families and their mechanisms of action 

 
Mechanisms of action Antibiotic families 

Inhibition of cell wall synthesis Penicillins, cephalosporins, carbapenems, 

daptomycin, monobactams, glycopeptides

Inhibition of cell membrane permeability Ionophores, polymyxins 

Inhibition of protein synthesis Tetracyclines, aminoglycosides, 

oxazolidonones, streptogramins, 

ketolides, macrolides, lincosamides 

Inhibition of DNA synthesis Fluoroquinolones 

Inhibition of RNA synthesis Rifampin 

Competitive inhibition of folic acid 

synthesis 

Sulfonamides, methotrexate 

Other Metronidazole 

 
(Khachatourians, 1998; Levy and Marshall, 2004) 
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Table 2. Stock solutions of antibiotics 

Antibiotics 
Stock solution 

concentration (mg/mL) 
Solvent 

Amoxicillin 2.5 1:1 Water: Methanol 

Cephalothin 10 Water 

Chlorotetracycline 10 1N NaOH 

Erythromycin 10 1:1 Water: Ethanol 

Neomycin 10 Water 

Oxytetracycline 10 1:1 Water: Methanol 

Streptomycin 10 Water 

Tetracycline 10 Methanol 

Rifampicin 2.5 Methanol 

Vancomycin 10 1:1 Water: Ethanol 

(Sigma-Aldrich Inc, St. Louis, MO) 

(Graves et al., 2002; Hagedorn et al., 1999; Harwood et al., 2000) 
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Table 3. Concentrations of antibiotic tests for E. coli and Enterococcus 

Antibiotics Abbreviation 
Concentration for 

E. coli (mg/L) 

Concentration for 

Enterococcus (mg/L) 

Cephalothin CEP 15, 25, 35 10, 15, 30, 50 

Erythromycin ERY 60, 70, 90, 100 10, 15, 30, 50 

Neomycin NEO 2.5, 5.0, 10 40, 60, 80 

Oxytetracycline OTC 2.5, 5.0, 7.5, 10, 15 20, 40, 60, 80, 100 

Streptomycin STR 2.5, 5.0, 7.5, 10, 15 40, 60, 80, 100 

Tetracycline TET 2.5, 5.0, 7.5, 10, 15 10, 15, 30, 50, 100 

Rifampicin RIF 15, 18.75, 22.5  

Chlorotetracycline CTC  60, 80, 100 

Vancomycin VAN  2.5 

Amoxicillin AMX  0.625 

Control  0 0 

 

(Hagedorn et al., 1999; Harwood et al., 2000) 
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Table 4. Numbers of E. coli and Enterococcus isolated from samples  
 

Cool Season Warm Season Sample Source E. coli Enterococcus E. coli Enterococcus 
Feces 1 192 192 192 192 
Feces 2 192 192 192 192 
Feces 3 192 192 0 192 

Lagoon 1 192 192 0 192 
Lagoon 2 192 192 0 192 
Lagoon 3 192 192 0 192 

Nursery Site 
 
 
 
 
 

Soils 0 0 0 0 
Feces 1 96 192 192 96 
Feces 2 96 192 192 192 
Feces 3 384 192 192 192 
Feces 4 192 192 192 192 

Lagoon 1 192 192 384 192 
Lagoon 2 192 192 0 192 
Lagoon 3 192 192 0 192 

Finishing Site 
 
 
 
 
 
 

Soils 0 0 0 0 
 
Note: unit - number of isolates 
Nursery Site Feces 1, 2, 3 – three composite fecal samples collected from nursery swine 
house 1, 2, 3, respectively 
Nursery Site Lagoon 1, 2, 3 – three lagoon liquid samples collected from three different sites 
of nursery swine lagoon 
Nursery Site Soils – soil samples collected from spray field of nursery swine site 
Finishing Site Feces 1, 2, 3, 4 – four composite fecal samples collected from finishing swine 
house 1, 2, 3, 4, respectively 
Finishing Site Lagoon 1, 2, 3 – three lagoon liquid samples collected from three different 
sites of finishing swine lagoon 
Finishing Site Soils – soil samples collected from spray field of finishing swine site 
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Table 5. Numbers of E. coli and Enterococcus isolates analyzed by antibiotic resistance 
analysis (ARA) 
 

Cool Season Warm Season Sample Source E. coli Enterococcus E. coli Enterococcus
Feces 1 192 192 192 101 
Feces 2 192 180 191 181 
Feces 3 191 187 0 120 

Lagoon 1 191 110 0 38 
Lagoon 2 192 24 0 27 
Lagoon 3 190 23 0 10 

Nursery Site 
 
 
 
 
 

Soils 0 0 0 0 
Feces 1 96 77 192 73 
Feces 2 95 51 188 13 
Feces 3 384 135 190 51 
Feces 4 192 20 189 47 

Lagoon 1 192 124 383 66 
Lagoon 2 192 48 0 15 
Lagoon 3 192 49 0 27 

Finishing Site 
 
 
 
 
 
 

Soils 0 0 0 0 
 
Note: unit - number of isolates 
Nursery Site Feces 1, 2, 3 – three composite fecal samples collected from nursery swine 
house 1, 2, 3, respectively 
Nursery Site Lagoon 1, 2, 3 – three lagoon liquid samples collected from three different sites 
of nursery swine lagoon 
Nursery Site Soils – soil samples collected from spray field of nursery swine site 
Finishing Site Feces 1, 2, 3, 4 – four composite fecal samples collected from finishing swine 
house 1, 2, 3, 4, respectively 
Finishing Site Lagoon 1, 2, 3 – three lagoon liquid samples collected from three different 
sites of finishing swine lagoon 
Finishing Site Soils – soil samples collected from spray field of finishing swine site 
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Table 6. Numbers of E. coli and Enterococcus isolates analyzed by PCR 
 

Cool Season Warm Season Sample Source E. coli Enterococcus E. coli Enterococcus
Feces 1 25 22 25 25 
Feces 2 25 25 25 25 
Feces 3 25 25 0 25 

Lagoon 1 25 25 0 25 
Lagoon 2 25 24 0 25 
Lagoon 3 25 23 0 10 

Nursery Site 
 
 
 
 
 

Soils 0 0 0 0 
Feces 1 25 25 25 15 
Feces 2 25 25 25 10 
Feces 3 25 25 25 25 
Feces 4 25 20 25 25 

Lagoon 1 25 25 25 25 
Lagoon 2 25 25 0 15 
Lagoon 3 25 25 0 25 

Finishing Site 
 
 
 
 
 
 

Soils 0 0 0 0 
 
Note: unit - number of isolates 
Nursery Site Feces 1, 2, 3 – three composite fecal samples collected from nursery swine 
house 1, 2, 3, respectively 
Nursery Site Lagoon 1, 2, 3 – three lagoon liquid samples collected from three different sites 
of nursery swine lagoon 
Nursery Site Soils – soil samples collected from spray field of nursery swine site 
Finishing Site Feces 1, 2, 3, 4 – four composite fecal samples collected from finishing swine 
house 1, 2, 3, 4, respectively 
Finishing Site Lagoon 1, 2, 3 – three lagoon liquid samples collected from three different 
sites of finishing swine lagoon 
Finishing Site Soils – soil samples collected from spray field of finishing swine site 
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Table 7. Significance analysis (P-value) of antibiotic tests and swine stages of 
development 
 

 P-value 
 Cool season Warm season 
 E. coli Enterococcus E. coli Enterococcus 

Trt <.0001 <.0001 <.0001 <.0001 
Age x Trt 0.0562 <.0001 <.0001 0.2057 

Age 0.1929 0.0042 0.018 0.3003 
  

Note: Trt – antibiotic tests 

     Age x Trt – the interaction between swine stages of development and antibiotic tests 

     Age – swine stage of development (nursery versus finishing)
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Table 8. Classification table displaying the numbers and percentages of cool season E. 
coli isolates from four source categories by discriminant analysis of ARA data  

 

Numbers and 
percentages of 
isolates classified as: 

Finishing 
feces

Finishing 
lagoon

Nursery 
feces

Nursery 
lagoon 

Total 
number 

Finishing feces 73
73.00%

15
20.00

4
5.33

4 
5.33 

96 

Finishing lagoon 5
5.00

39
52.00%

6
8.00

8 
10.67 

58 

Nursery feces 6
6.00

9
12.00

50
66.67%

3 
4.00 

68 

Nursery lagoon 16
16.00

12
16.00

15
20.00

60 
80.00% 

103 

Total number 100 75 75 75 325 
 
 
 
 
 
 
 
 

Table 9. Classification table displaying the numbers and percentages of cool season E. 
coli isolates from two source categories by discriminant analysis of ARA data 

 
Numbers and 
percentages of 
isolates classified as: 

Finishing Nursery Total 
number

Finishing  131
74.86%

27
18.00

158

Nursery  44
25.14

123
82.00%

167

Total number 175 150 325
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Table 10. Classification table displaying the numbers and percentages of cool season 
Enterococcus isolates from four source categories by discriminant analysis of ARA data 

 

Numbers and 
percentages of 
isolates classified as: 

Finishing 
feces

Finishing 
lagoon

Nursery 
feces

Nursery 
lagoon 

Total 
number 

Finishing feces 68
72.34%

13
17.33

0
0.00

23 
31.51 

104 

Finishing lagoon 14
14.89

42
56.00%

2
2.67

21 
28.77 

79 

Nursery feces 4
4.26

16
21.33

73
97.33%

0 
0.00 

93 

Nursery lagoon 8
8.51

4
5.33

0
0.00

29 
39.73% 

41 

Total number 94 75 75 73 317 

 

 

 

 

 

 

Table 11. Classification table displaying the numbers and percentages of cool season 
Enterococcus isolates from two source categories by discriminant analysis of ARA data 

 

Numbers and 
percentages of 
isolates classified as: 

Finishing Nursery Total 
number

Finishing  133
78.70%

47
31.76

180

Nursery  36
21.30

101
68.24%

137

Total number 169 148 317
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Table 12. Classification table displaying the numbers and percentages of warm season 
E. coli isolates from three source categories by discriminant analysis of ARA data  

 

Numbers and 
percentages of 
isolates classified as: 

Finishing 
feces

Finishing 
lagoon

Nursery 
feces

Total 
number 

Finishing feces 89
89.00%

9
36.00

4
8.00

102 

Finishing lagoon 4
4.00

13
52.00%

0
0.00

17 

Nursery feces 7
7.00

3
12.00

46
92.00%

56 

Total number 100 25 50 175 

 

 

 

 

 

 

Table 13. Classification table displaying the numbers and percentages of warm season 
E. coli isolates from two source categories by discriminant analysis of ARA data  

 

Numbers and 
percentages of 
isolates classified as: 

Finishing Nursery Total 
number

Finishing  116
92.80%

4
8.00

120

Nursery  9
7.20

46
92.00%

55

Total number 125 50 175
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Table 14. Classification table displaying the numbers and percentages of warm season 
Enterococcus isolates from four source categories by discriminant analysis of ARA data  

 

Numbers and 
percentages of 
isolates classified as: 

Finishing 
feces

Finishing 
lagoon

Nursery 
feces

Nursery 
lagoon 

Total 
number 

Finishing feces 45
60.00%

7
10.77

7
9.33

11 
18.33 

70 

Finishing lagoon 16
21.33

48
73.85%

11
14.67

22 
36.67 

97 

Nursery feces 7
9.33

8
12.31

53
70.67%

3 
5.00 

71 

Nursery lagoon 7
9.33

2
3.08

4
5.33

24 
40.00% 

37 

Total number 75 65 75 60 275 

 

 

 

 

 

 

 

Table 15. Classification table displaying the numbers and percentages of warm season 
Enterococcus isolates from two source categories by discriminant analysis of ARA data  

 

Numbers and 
percentages of 
isolates classified as: 

Finishing Nursery Total 
number

Finishing  114
81.43%

48
35.56

162

Nursery  26
18.57

87
64.44%

113

Total number 140 135 275
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Table 16. Classification table displaying the numbers and percentages of cool season E. 
coli isolates from four source categories by discriminant analysis of PCR data 
 
Numbers and 
percentages of 
isolates classified as: 

Finishing 
Lagoon

Finishing 
Feces

Nursery 
Lagoon

Nursery 
Feces 

Total 
number

Finishing Lagoon 44
58.67%

3
3.00%

8
10.67%

11 
14.67% 

66

Finishing Feces 6
8.00%

89
89.00%

14
18.67%

11 
14.67% 

120

Nursery Lagoon 12
16.00%

6
6.00%

52
69.33%

8 
10.67% 

78

Nursery Feces 13
17.33%

2
2.00%

1
1.33%

45 
60.00% 

61

Total number 75 100 75 75 325
 
 
 
 
 
 
 
 
Table 17. Classification table displaying the numbers and percentages of cool season E. 
coli isolates from two source categories by discriminant analysis of PCR data 
 
Numbers and 
percentages of 
isolates classified as: 

Finishing Nursery Total 
number

Finishing  142
81.61%

40
26.67%

182

Nursery  32
18.39%

110
73.33%

142

Total number 174 150 324
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Table 18. Classification table displaying the numbers and percentages of cool season 
Enterococcus isolates from four source categories by discriminant analysis of PCR data 
 

Numbers and 
percentages of 
isolates classified as: 

Finishing 
Lagoon

Finishing 
Feces

Nursery 
Lagoon

Nursery 
Feces 

Total 
number

Finishing Lagoon 29
38.67%

16
16.84%

2
2.78%

3 
4.17% 

50

Finishing Feces 21
28.00%

60
63.16%

12
16.67%

0 
0.00 

93

Nursery Lagoon 5
6.67%

8
8.42%

50
69.44%

5 
6.94% 

68

Nursery Feces 20
26.67%

11
11.58%

8
11.11%

64 
88.89% 

103

Total number 75 95 72 72 314
 
 
 
 
 
 
 
 

Table 19. Classification table displaying the numbers and percentages of cool season 
Enterococcus isolates from two source categories by discriminant analysis of PCR data 

 
Numbers and 
percentages of isolates 
classified as: 

Finishing Nursery Total 
number

Finishing  135
79.41%

27
18.75%

162

Nursery  35
20.59%

117
81.25%

152

Total number 170 144 314
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Table 20. Classification table displaying the numbers and percentages of warm season 
E. coli isolates from three source categories by discriminant analysis of PCR data 
 

Numbers and 
percentages of 
isolates classified as: 

Finishing 
Lagoon

Finishing 
Feces

Nursery 
Feces

Total 
number 

Finishing Lagoon 11
44.00%

0
0.00

2
4.00%

13 

Finishing Feces 6
24.00%

88
88.00%

8
16.00%

102 

Nursery Feces 8
32.00%

12
12.00%

40
80.00%

60 

Total number 25 100 50 175 
 
 
 
 
 
 
 
 

Table 21. Classification table displaying the numbers and percentages of warm season 
E. coli isolates from two source categories by discriminant analysis of PCR data 

 
Numbers and 
percentages of 
isolates classified as: 

Finishing Nursery Total 
number

Finishing  111
88.80%

12
24.00%

123

Nursery 14
11.20%

38
76.00%

52

Total number 125 50 175
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Table 22. Classification table displaying the numbers and percentages of warm season 
Enterococcus isolates from four source categories by discriminant analysis of PCR data 
 
Numbers and 
percentages of 
isolates classified as: 

Finishing 
Lagoon

Finishing 
Feces

Nursery 
Lagoon

Nursery 
Feces 

Total 
number

Finishing Lagoon 46
51.11%

18
24.00%

10
14.29%

11 
14.67% 

85

Finishing Feces 3
3.33%

22
29.33%

6
8.57%

0 
0.00 

31

Nursery Lagoon 8
8.89%

18
24.00%

38
54.29%

4 
5.33% 

68

Nursery Feces 33
36.67%

17
22.67%

16
22.86%

60 
80.00% 

126

Total number 90 75 70 75 310
 
 
 
 
 
 
 
 

Table 23. Classification table displaying the numbers and percentages of warm season 
Enterococcus isolates from two source categories by discriminant analysis of PCR data 
 
Numbers and 
percentages of 
isolates classified as: 

Finishing Nursery Total 
number

Finishing  94
56.97%

41
28.28%

135

Nursery  71
43.03%

104
71.72%

175

Total number 165 145 310
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Figure 1. Relationship between antibiotic use and occurrence of antibiotic resistance 

(Barbosa and Levy, 2000) 
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Figure 2. Emergence and transmission of antibiotic-resistant bacteria in agricultural 
system (Khachatourians, 1998) 
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Figure 3. Percentages of resistant E. coli isolated from three nursery fecal samples and 
three nursery lagoon liquid samples in cool season.  Concentrations of antibiotics are 
indicated in Table 3.  Number of isolates from each sample is indicated in Table 5.  
(a) rifamycin, cephalothin, and erythromycin; (b) oxytetracycline and tetracycline; (c) 
streptomycin and neomycin.   
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Figure 4. Percentages of resistant E. coli isolated from four finishing fecal samples and 
three finishing lagoon liquid samples in cool season.  Concentrations of antibiotics are 
indicated in Table 3.  Number of isolates from each sample is indicated in Table 5.  
(a) rifamycin, cephalothin, and erythromycin; (b) oxytetracycline and tetracycline; (c) 
streptomycin and neomycin.   
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Figure 5. Percentages of resistant E. coli isolated from three nursery fecal samples and 
four finishing fecal samples in cool season.  Concentrations of antibiotics are indicated 
in Table 3.  Number of isolates from each sample is indicated in Table 5.  (a) 
rifamycin, cephalothin, and erythromycin; (b) oxytetracycline and tetracycline; (c) 
streptomycin and neomycin.  
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Figure 6. Percentages of resistant Enterococcus isolated from three nursery fecal 
samples and three nursery lagoon liquid samples in cool season.  Concentrations of 
antibiotics are indicated in Table 3.  Number of isolates from each sample is indicated 
in Table 5.  (a) cephalothin, erythromycin, vancomycin, and amoxicillin; (b) 
chlorotetracycline, oxytetracycline and tetracycline; (c) streptomycin and neomycin. 
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Figure 7. Percentages of resistant Enterococcus isolated from four finishing fecal 
samples and three finishing lagoon liquid samples in cool season.  Concentrations of 
antibiotics are indicated in Table 3.  Number of isolates from each sample is indicated 
in Table 5.  (a) cephalothin, erythromycin, vancomycin, and amoxicillin; (b) 
chlorotetracycline, oxytetracycline and tetracycline; (c) streptomycin and neomycin. 
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Figure 8. Percentages of resistant Enterococcus isolated from three nursery fecal 
samples and four finishing fecal samples in cool season.  Concentrations of antibiotics 
are indicated in Table 3.  Number of isolates from each sample is indicated in Table 5.  
(a) cephalothin, erythromycin, vancomycin, and amoxicillin; (b) chlorotetracycline, 
oxytetracycline and tetracycline; (c) streptomycin and neomycin. 
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Figure 9. Percentages of resistant E. coli isolated from four finishing fecal samples and 
one finishing lagoon liquid samples in warm season.  Concentrations of antibiotics are 
indicated in Table 3.  Number of isolates from each sample is indicated in Table 5.  
(a) rifamycin, cephalothin, and erythromycin; (b) oxytetracycline and tetracycline; (c) 
streptomycin and neomycin.  
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Figure 10. Percentages of resistant E. coli isolated from two nursery fecal samples and 
four finishing fecal samples in warm season.  Concentrations of antibiotics are 
indicated in Table 3.  Number of isolates from each sample is indicated in Table 5.  
(a) rifamycin, cephalothin, and erythromycin; (b) oxytetracycline and tetracycline; (c) 
streptomycin and neomycin.  
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Figure 11. Percentages of resistant Enterococcus isolated from three nursery fecal 
samples and three nursery lagoon liquid samples in warm season.  Concentrations of 
antibiotics are indicated in Table 3.  Number of isolates from each sample is indicated 
in Table 5.  (a) cephalothin, erythromycin, vancomycin, and amoxicillin; (b) 
chlorotetracycline, oxytetracycline and tetracycline; (c) streptomycin and neomycin. 
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Figure 12. Percentages of resistant Enterococcus isolated from four finishing fecal 
samples and three finishing lagoon liquid samples in warm season.  Concentrations of 
antibiotics are indicated in Table 3.  Number of isolates from each sample is indicated 
in Table 5.  (a) cephalothin, erythromycin, vancomycin, and amoxicillin; (b) 
chlorotetracycline, oxytetracycline and tetracycline; (c) streptomycin and neomycin. 
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Figure 13. Percentages of resistant Enterococcus isolated from three nursery fecal 
samples and four finishing fecal samples in warm season.  Concentrations of 
antibiotics are indicated in Table 3.  Number of isolates from each sample is indicated 
in Table 5.  (a) cephalothin, erythromycin, vancomycin, and amoxicillin; (b) 
chlorotetracycline, oxytetracycline and tetracycline; (c) streptomycin and neomycin. 
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Figure 14. PCR DNA fingerprint patterns of E. coli strains.  Lanes A and T contained 
a standard, a 100 bp ladder 
 
 
 
 

 
 
Figure 15. PCR DNA fingerprint patterns of Enterococcus strains.  Lanes A and T 
contained a standard, a 100 bp ladder 
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Figure 16. Percentages of E. coli isolates having bands at specific molecular weight 
regions.  Isolates were isolated from three nursery fecal samples and three nursery 
lagoon liquid samples in cool season (number of isolates from each sample was 
indicated in Table 6) 
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Figure 17. Percentages of E. coli isolates having bands at specific molecular weight 
regions.  Isolates were isolated from four finishing fecal samples and three finishing 
lagoon liquid samples in cool season (number of isolates from each sample was 
indicated in Table 6) 
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Figure 18. Percentages of E. coli isolates having bands at specific molecular weight 
regions.  Isolates were isolated from three nursery fecal samples and four finishing 
fecal samples in cool season (number of isolates from each sample was indicated in 
Table 6) 
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Figure 19. Percentages of Enterococcus isolates having bands at specific molecular 
weight regions.  Isolates were isolated from three nursery fecal samples and three 
nursery lagoon liquid samples in cool season (number of isolates from each sample was 
indicated in Table 6) 
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Figure 20. Percentages of Enterococcus isolates having bands at specific molecular 
weight regions.  Isolates were isolated from four finishing fecal samples and three 
finishing lagoon liquid samples in cool season (number of isolates from each sample was 
indicated in Table 6) 
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Figure 21. Percentages of Enterococcus isolates having bands at specific molecular 
weight regions.  Isolates were isolated from three nursery fecal samples and four 
finishing fecal samples in cool season (number of isolates from each sample was 
indicated in Table 6) 
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Figure 22. Percentages of E. coli isolates having bands at specific molecular weight 
regions.  Isolates were isolated from four finishing fecal samples and one finishing 
lagoon liquid samples in warm season (number of isolates from each sample was 
indicated in Table 6) 
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Figure 23. Percentages of E. coli isolates having bands at specific molecular weight 
regions.  Isolates were isolated from two nursery fecal samples and four finishing fecal 
samples in warm season (number of isolates from each sample was indicated in Table 6) 
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Figure 24. Percentages of Enterococcus isolates having bands at specific molecular 
weight regions.  Isolates were isolated from three nursery fecal samples and three 
nursery lagoon liquid samples in warm season (number of isolates from each sample 
was indicated in Table 6) 
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Figure 25. Percentages of Enterococcus isolates having bands at specific molecular 
weight regions.  Isolates were isolated from four finishing fecal samples and three 
finishing lagoon liquid samples in warm season (number of isolates from each sample 
was indicated in Table 6) 
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Figure 26. Percentages of Enterococcus isolates having bands at specific molecular 
weight regions.  Isolates were isolated from three nursery fecal samples and four 
finishing fecal samples in warm season (number of isolates from each sample was 
indicated in Table 6) 
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Appendix A 
 
SAS code 
 
**pgm3.sas; 
options pageno=1 ls=90; 
libname in '.'; 
 
**Manure Data -- by bacteria ; 
 
ods rtf  file='pgm3.rtf' style=journal; 
ods graphics on; 
*ods trace on /listing; 
ods trace off; 
 
 
data a; set in.all; 
length loc2 $7; 
loc2=compress(loc||sample); 
proc sort data=a out=b; by  season bacteria; 
proc glm data=b; by  season bacteria; 
*ods exclude diff; 
where site  ne 'Lagoon'; 
class   age loc2 site  trt ;  
model Pc= age loc2(age)  trt age*trt; 
test h=age e=loc2(age);  
 
lsmeans  age|trt / slice= trt  pdiff; 
means trt / lsd; 
run; quit; 
ods rtf close; 
ods graphics off; 
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Appendix B 
 

Least squares means percentages of resistant isolates for cool season E. coli 
 

The GLM Procedure 
Least Squares Means 

Season=cool Bacteria=E. coli 
 

Table 1. Least squares means and the index numbers of percentages of resistant isolates at different antibiotic 
concentrations for E. coli in cool season 
 

Age Trt Pc LSMEAN
LSMEAN 

Number

Finishing CEP15 34.134457 1

Finishing CEP25 17.519189 2

Finishing CEP35 14.136513 3

Finishing ERY100 27.290296 4

Finishing ERY60 86.438459 5

Finishing ERY70 77.559622 6

Finishing ERY90 45.668860 7

Finishing NEO10 96.448739 8

Finishing NEO2.5 99.210526 9

Finishing NEO5 97.238213 10

Finishing OTC10 99.479167 11

Finishing OTC15 99.479167 12

Finishing OTC2.5 99.479167 13

Finishing OTC5 99.479167 14

Finishing OTC7.5 99.479167 15

Finishing RIF60 50.374863 16

Finishing RIF75 29.533306 17

Finishing RIF90 26.533032 18

Finishing STR10 59.699836 19

Finishing STR15 44.261239 20

Finishing STR2.5 99.476425 21

Finishing STR5 95.749041 22

Finishing STR7.5 73.922697 23

Finishing TET10 98.697917 24

Finishing TET15 98.697917 25

Finishing TET2.5 99.479167 26

Finishing TET5 98.697917 27

Finishing TET7.5 98.697917 28

Nursery CEP15 58.314572 29
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Age Trt Pc LSMEAN
LSMEAN 

Number

Nursery CEP25 51.029167 30

Nursery CEP35 47.197906 31

Nursery ERY100 76.058333 32

Nursery ERY60 85.600000 33

Nursery ERY70 83.866667 34

Nursery ERY90 81.243056 35

Nursery NEO10 99.486111 36

Nursery NEO2.5 100.000000 37

Nursery NEO5 100.000000 38

Nursery OTC10 100.000000 39

Nursery OTC15 100.000000 40

Nursery OTC2.5 100.000000 41

Nursery OTC5 99.650960 42

Nursery OTC7.5 100.000000 43

Nursery RIF60 36.462500 44

Nursery RIF75 33.840278 45

Nursery RIF90 33.666667 46

Nursery STR10 100.000000 47

Nursery STR15 93.759722 48

Nursery STR2.5 100.000000 49

Nursery STR5 100.000000 50

Nursery STR7.5 100.000000 51

Nursery TET10 100.000000 52

Nursery TET15 99.825480 53

Nursery TET2.5 100.000000 54

Nursery TET5 100.000000 55

Nursery TET7.5 100.000000 56
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Table 2. P-values of comparisons of different antibiotic concentrations for E. coli in cool season 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1  0.1985 0.1222 0.5954 <.0001 0.0010 0.3713 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

2 0.1985 0.7929 0.4487 <.0001 <.0001 0.0303 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

3 0.1222 0.7929  0.3082 <.0001 <.0001 0.0155 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

4 0.5954 0.4487 0.3082  <.0001 0.0001 0.1552 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

5 <.0001 <.0001 <.0001 <.0001 0.4911 0.0019 0.4377 0.3224 0.4025 0.3123 0.3123 0.3123 0.3123

6 0.0010 <.0001 <.0001 0.0001 0.4911 0.0144 0.1442 0.0945 0.1283 0.0906 0.0906 0.0906 0.0906

7 0.3713 0.0303 0.0155 0.1552 0.0019 0.0144 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

8 <.0001 <.0001 <.0001 <.0001 0.4377 0.1442 0.0001 0.8303 0.9511 0.8140 0.8140 0.8140 0.8140

9 <.0001 <.0001 <.0001 <.0001 0.3224 0.0945 <.0001 0.8303 0.8783 0.9834 0.9834 0.9834 0.9834

10 <.0001 <.0001 <.0001 <.0001 0.4025 0.1283 <.0001 0.9511 0.8783 0.8619 0.8619 0.8619 0.8619

11 <.0001 <.0001 <.0001 <.0001 0.3123 0.0906 <.0001 0.8140 0.9834 0.8619  1.0000 1.0000 1.0000

12 <.0001 <.0001 <.0001 <.0001 0.3123 0.0906 <.0001 0.8140 0.9834 0.8619 1.0000  1.0000 1.0000

13 <.0001 <.0001 <.0001 <.0001 0.3123 0.0906 <.0001 0.8140 0.9834 0.8619 1.0000 1.0000  1.0000

14 <.0001 <.0001 <.0001 <.0001 0.3123 0.0906 <.0001 0.8140 0.9834 0.8619 1.0000 1.0000 1.0000 

15 <.0001 <.0001 <.0001 <.0001 0.3123 0.0906 <.0001 0.8140 0.9834 0.8619 1.0000 1.0000 1.0000 1.0000

16 0.2088 0.0117 0.0056 0.0749 0.0058 0.0363 0.7150 0.0005 0.0002 0.0004 0.0002 0.0002 0.0002 0.0002

17 0.7210 0.3518 0.2333 0.8618 <.0001 0.0003 0.2117 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

18 0.5554 0.4845 0.3367 0.9531 <.0001 0.0001 0.1390 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

19 0.0488 0.0013 0.0005 0.0129 0.0395 0.1671 0.2771 0.0049 0.0026 0.0041 0.0024 0.0024 0.0024 0.0024

20 0.4323 0.0394 0.0206 0.1891 0.0013 0.0107 0.9130 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

21 <.0001 <.0001 <.0001 <.0001 0.3124 0.0906 <.0001 0.8142 0.9835 0.8621 0.9998 0.9998 0.9998 0.9998

22 <.0001 <.0001 <.0001 <.0001 0.4703 0.1595 0.0002 0.9567 0.7882 0.9080 0.7722 0.7722 0.7722 0.7722

23 0.0024 <.0001 <.0001 0.0004 0.3321 0.7777 0.0297 0.0821 0.0513 0.0720 0.0489 0.0489 0.0489 0.0489

24 <.0001 <.0001 <.0001 <.0001 0.3421 0.1025 <.0001 0.8614 0.9683 0.9098 0.9516 0.9516 0.9516 0.9516

25 <.0001 <.0001 <.0001 <.0001 0.3421 0.1025 <.0001 0.8614 0.9683 0.9098 0.9516 0.9516 0.9516 0.9516

26 <.0001 <.0001 <.0001 <.0001 0.3123 0.0906 <.0001 0.8140 0.9834 0.8619 1.0000 1.0000 1.0000 1.0000

27 <.0001 <.0001 <.0001 <.0001 0.3421 0.1025 <.0001 0.8614 0.9683 0.9098 0.9516 0.9516 0.9516 0.9516

28 <.0001 <.0001 <.0001 <.0001 0.3421 0.1025 <.0001 0.8614 0.9683 0.9098 0.9516 0.9516 0.9516 0.9516

29 0.0840 0.0039 0.0018 0.0271 0.0449 0.1681 0.3642 0.0069 0.0038 0.0058 0.0036 0.0036 0.0036 0.0036

30 0.2260 0.0172 0.0089 0.0897 0.0119 0.0582 0.7002 0.0014 0.0007 0.0011 0.0007 0.0007 0.0007 0.0007

31 0.3486 0.0344 0.0187 0.1541 0.0054 0.0305 0.9125 0.0005 0.0003 0.0004 0.0002 0.0002 0.0002 0.0002

32 0.0030 <.0001 <.0001 0.0006 0.4561 0.9141 0.0304 0.1444 0.0978 0.1296 0.0941 0.0941 0.0941 0.0941

33 0.0003 <.0001 <.0001 <.0001 0.9520 0.5636 0.0047 0.4361 0.3289 0.4035 0.3194 0.3194 0.3194 0.3194

34 0.0005 <.0001 <.0001 <.0001 0.8534 0.6505 0.0068 0.3666 0.2712 0.3374 0.2630 0.2630 0.2630 0.2630

35 0.0009 <.0001 <.0001 0.0002 0.7089 0.7913 0.0115 0.2756 0.1980 0.2515 0.1914 0.1914 0.1914 0.1914

36 <.0001 <.0001 <.0001 <.0001 0.3492 0.1167 0.0002 0.8272 0.9842 0.8717 0.9996 0.9996 0.9996 0.9996

37 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14

38 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

39 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

40 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

41 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

42 <.0001 <.0001 <.0001 <.0001 0.3432 0.1140 0.0002 0.8180 0.9747 0.8623 0.9901 0.9901 0.9901 0.9901

43 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

44 0.8671 0.1749 0.1103 0.5101 0.0004 0.0036 0.5086 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

45 0.9831 0.2420 0.1583 0.6380 0.0002 0.0020 0.3959 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

46 0.9732 0.2470 0.1620 0.6469 0.0002 0.0019 0.3890 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

47 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

48 <.0001 <.0001 <.0001 <.0001 0.5990 0.2455 0.0007 0.8468 0.6953 0.8026 0.6811 0.6811 0.6811 0.6811

49 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

50 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

51 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

52 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

53 <.0001 <.0001 <.0001 <.0001 0.3368 0.1112 0.0002 0.8083 0.9647 0.8525 0.9801 0.9801 0.9801 0.9801

54 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

55 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

56 <.0001 <.0001 <.0001 <.0001 0.3306 0.1085 0.0001 0.7986 0.9548 0.8427 0.9701 0.9701 0.9701 0.9701

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1 <.0001 0.2088 0.7210 0.5554 0.0488 0.4323 <.0001 <.0001 0.0024 <.0001 <.0001 <.0001 <.0001 <.0001

2 <.0001 0.0117 0.3518 0.4845 0.0013 0.0394 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

3 <.0001 0.0056 0.2333 0.3367 0.0005 0.0206 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

4 <.0001 0.0749 0.8618 0.9531 0.0129 0.1891 <.0001 <.0001 0.0004 <.0001 <.0001 <.0001 <.0001 <.0001

5 0.3123 0.0058 <.0001 <.0001 0.0395 0.0013 0.3124 0.4703 0.3321 0.3421 0.3421 0.3123 0.3421 0.3421

6 0.0906 0.0363 0.0003 0.0001 0.1671 0.0107 0.0906 0.1595 0.7777 0.1025 0.1025 0.0906 0.1025 0.1025

7 <.0001 0.7150 0.2117 0.1390 0.2771 0.9130 <.0001 0.0002 0.0297 <.0001 <.0001 <.0001 <.0001 <.0001

8 0.8140 0.0005 <.0001 <.0001 0.0049 <.0001 0.8142 0.9567 0.0821 0.8614 0.8614 0.8140 0.8614 0.8614

9 0.9834 0.0002 <.0001 <.0001 0.0026 <.0001 0.9835 0.7882 0.0513 0.9683 0.9683 0.9834 0.9683 0.9683

10 0.8619 0.0004 <.0001 <.0001 0.0041 <.0001 0.8621 0.9080 0.0720 0.9098 0.9098 0.8619 0.9098 0.9098

11 1.0000 0.0002 <.0001 <.0001 0.0024 <.0001 0.9998 0.7722 0.0489 0.9516 0.9516 1.0000 0.9516 0.9516

12 1.0000 0.0002 <.0001 <.0001 0.0024 <.0001 0.9998 0.7722 0.0489 0.9516 0.9516 1.0000 0.9516 0.9516

13 1.0000 0.0002 <.0001 <.0001 0.0024 <.0001 0.9998 0.7722 0.0489 0.9516 0.9516 1.0000 0.9516 0.9516
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 15 16 17 18 19 20 21 22 23 24 25 26 27 28

14 1.0000 0.0002 <.0001 <.0001 0.0024 <.0001 0.9998 0.7722 0.0489 0.9516 0.9516 1.0000 0.9516 0.9516

15  0.0002 <.0001 <.0001 0.0024 <.0001 0.9998 0.7722 0.0489 0.9516 0.9516 1.0000 0.9516 0.9516

16 0.0002 0.1074 0.0659 0.4696 0.6352 0.0002 0.0006 0.0693 0.0003 0.0003 0.0002 0.0003 0.0003

17 <.0001 0.1074  0.8159 0.0204 0.2541 <.0001 <.0001 0.0007 <.0001 <.0001 <.0001 <.0001 <.0001

18 <.0001 0.0659 0.8159  0.0110 0.1703 <.0001 <.0001 0.0003 <.0001 <.0001 <.0001 <.0001 <.0001

19 0.0024 0.4696 0.0204 0.0110 0.2320 0.0024 0.0058 0.2707 0.0029 0.0029 0.0024 0.0029 0.0029

20 <.0001 0.6352 0.2541 0.1703 0.2320 <.0001 0.0001 0.0226 <.0001 <.0001 <.0001 <.0001 <.0001

21 0.9998 0.0002 <.0001 <.0001 0.0024 <.0001 0.7724 0.0489 0.9518 0.9518 0.9998 0.9518 0.9518

22 0.7722 0.0006 <.0001 <.0001 0.0058 0.0001 0.7724 0.0919 0.8190 0.8190 0.7722 0.8190 0.8190

23 0.0489 0.0693 0.0007 0.0003 0.2707 0.0226 0.0489 0.0919 0.0561 0.0561 0.0489 0.0561 0.0561

24 0.9516 0.0003 <.0001 <.0001 0.0029 <.0001 0.9518 0.8190 0.0561 1.0000 0.9516 1.0000 1.0000

25 0.9516 0.0003 <.0001 <.0001 0.0029 <.0001 0.9518 0.8190 0.0561 1.0000  0.9516 1.0000 1.0000

26 1.0000 0.0002 <.0001 <.0001 0.0024 <.0001 0.9998 0.7722 0.0489 0.9516 0.9516  0.9516 0.9516

27 0.9516 0.0003 <.0001 <.0001 0.0029 <.0001 0.9518 0.8190 0.0561 1.0000 1.0000 0.9516  1.0000

28 0.9516 0.0003 <.0001 <.0001 0.0029 <.0001 0.9518 0.8190 0.0561 1.0000 1.0000 0.9516 1.0000 

29 0.0036 0.5685 0.0401 0.0237 0.9207 0.3134 0.0036 0.0079 0.2631 0.0043 0.0043 0.0036 0.0043 0.0043

30 0.0007 0.9625 0.1240 0.0800 0.5335 0.6268 0.0007 0.0016 0.1016 0.0008 0.0008 0.0007 0.0008 0.0008

31 0.0002 0.8194 0.2056 0.1391 0.3697 0.8329 0.0002 0.0006 0.0564 0.0003 0.0003 0.0002 0.0003 0.0003

32 0.0941 0.0666 0.0010 0.0005 0.2410 0.0236 0.0941 0.1586 0.8780 0.1054 0.1054 0.0941 0.1054 0.1054

33 0.3194 0.0123 <.0001 <.0001 0.0644 0.0035 0.3195 0.4662 0.4020 0.3473 0.3473 0.3194 0.3473 0.3473

34 0.2630 0.0172 0.0001 <.0001 0.0841 0.0050 0.2631 0.3938 0.4753 0.2875 0.2875 0.2630 0.2875 0.2875

35 0.1914 0.0279 0.0003 0.0001 0.1232 0.0087 0.1915 0.2982 0.5990 0.2110 0.2110 0.1914 0.2110 0.2110

36 0.9996 0.0006 <.0001 <.0001 0.0048 0.0001 0.9994 0.7883 0.0679 0.9548 0.9548 0.9996 0.9548 0.9548

37 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

38 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

39 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

40 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

41 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

42 0.9901 0.0005 <.0001 <.0001 0.0047 0.0001 0.9900 0.7792 0.0662 0.9454 0.9454 0.9901 0.9454 0.9454

43 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

44 <.0001 0.3183 0.6187 0.4759 0.0966 0.5754 <.0001 <.0001 0.0079 <.0001 <.0001 <.0001 <.0001 <.0001

45 <.0001 0.2360 0.7570 0.5997 0.0648 0.4544 <.0001 <.0001 0.0045 <.0001 <.0001 <.0001 <.0001 <.0001

46 <.0001 0.2311 0.7665 0.6084 0.0630 0.4469 <.0001 <.0001 0.0044 <.0001 <.0001 <.0001 <.0001 <.0001

47 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

48 0.6811 0.0022 <.0001 <.0001 0.0155 0.0005 0.6813 0.8863 0.1555 0.7227 0.7227 0.6811 0.7227 0.7227

49 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

50 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

51 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 15 16 17 18 19 20 21 22 23 24 25 26 27 28

52 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

53 0.9801 0.0005 <.0001 <.0001 0.0045 0.0001 0.9800 0.7696 0.0644 0.9354 0.9354 0.9801 0.9354 0.9354

54 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

55 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

56 0.9701 0.0005 <.0001 <.0001 0.0043 <.0001 0.9700 0.7600 0.0626 0.9254 0.9254 0.9701 0.9254 0.9254

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 29 30 31 32 33 34 35 36 37 38 39 40 41 42

1 0.0840 0.2260 0.3486 0.0030 0.0003 0.0005 0.0009 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

2 0.0039 0.0172 0.0344 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

3 0.0018 0.0089 0.0187 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

4 0.0271 0.0897 0.1541 0.0006 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

5 0.0449 0.0119 0.0054 0.4561 0.9520 0.8534 0.7089 0.3492 0.3306 0.3306 0.3306 0.3306 0.3306 0.3432

6 0.1681 0.0582 0.0305 0.9141 0.5636 0.6505 0.7913 0.1167 0.1085 0.1085 0.1085 0.1085 0.1085 0.1140

7 0.3642 0.7002 0.9125 0.0304 0.0047 0.0068 0.0115 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002

8 0.0069 0.0014 0.0005 0.1444 0.4361 0.3666 0.2756 0.8272 0.7986 0.7986 0.7986 0.7986 0.7986 0.8180

9 0.0038 0.0007 0.0003 0.0978 0.3289 0.2712 0.1980 0.9842 0.9548 0.9548 0.9548 0.9548 0.9548 0.9747

10 0.0058 0.0011 0.0004 0.1296 0.4035 0.3374 0.2515 0.8717 0.8427 0.8427 0.8427 0.8427 0.8427 0.8623

11 0.0036 0.0007 0.0002 0.0941 0.3194 0.2630 0.1914 0.9996 0.9701 0.9701 0.9701 0.9701 0.9701 0.9901

12 0.0036 0.0007 0.0002 0.0941 0.3194 0.2630 0.1914 0.9996 0.9701 0.9701 0.9701 0.9701 0.9701 0.9901

13 0.0036 0.0007 0.0002 0.0941 0.3194 0.2630 0.1914 0.9996 0.9701 0.9701 0.9701 0.9701 0.9701 0.9901

14 0.0036 0.0007 0.0002 0.0941 0.3194 0.2630 0.1914 0.9996 0.9701 0.9701 0.9701 0.9701 0.9701 0.9901

15 0.0036 0.0007 0.0002 0.0941 0.3194 0.2630 0.1914 0.9996 0.9701 0.9701 0.9701 0.9701 0.9701 0.9901

16 0.5685 0.9625 0.8194 0.0666 0.0123 0.0172 0.0279 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005

17 0.0401 0.1240 0.2056 0.0010 <.0001 0.0001 0.0003 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

18 0.0237 0.0800 0.1391 0.0005 <.0001 <.0001 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

19 0.9207 0.5335 0.3697 0.2410 0.0644 0.0841 0.1232 0.0048 0.0043 0.0043 0.0043 0.0043 0.0043 0.0047

20 0.3134 0.6268 0.8329 0.0236 0.0035 0.0050 0.0087 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001

21 0.0036 0.0007 0.0002 0.0941 0.3195 0.2631 0.1915 0.9994 0.9700 0.9700 0.9700 0.9700 0.9700 0.9900

22 0.0079 0.0016 0.0006 0.1586 0.4662 0.3938 0.2982 0.7883 0.7600 0.7600 0.7600 0.7600 0.7600 0.7792

23 0.2631 0.1016 0.0564 0.8780 0.4020 0.4753 0.5990 0.0679 0.0626 0.0626 0.0626 0.0626 0.0626 0.0662

24 0.0043 0.0008 0.0003 0.1054 0.3473 0.2875 0.2110 0.9548 0.9254 0.9254 0.9254 0.9254 0.9254 0.9454

25 0.0043 0.0008 0.0003 0.1054 0.3473 0.2875 0.2110 0.9548 0.9254 0.9254 0.9254 0.9254 0.9254 0.9454

26 0.0036 0.0007 0.0002 0.0941 0.3194 0.2630 0.1914 0.9996 0.9701 0.9701 0.9701 0.9701 0.9701 0.9901

27 0.0043 0.0008 0.0003 0.1054 0.3473 0.2875 0.2110 0.9548 0.9254 0.9254 0.9254 0.9254 0.9254 0.9454
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 29 30 31 32 33 34 35 36 37 38 39 40 41 42

28 0.0043 0.0008 0.0003 0.1054 0.3473 0.2875 0.2110 0.9548 0.9254 0.9254 0.9254 0.9254 0.9254 0.9454

29  0.6245 0.4553 0.2342 0.0683 0.0876 0.1249 0.0063 0.0057 0.0057 0.0057 0.0057 0.0057 0.0061

30 0.6245 0.7968 0.0942 0.0214 0.0287 0.0438 0.0014 0.0012 0.0012 0.0012 0.0012 0.0012 0.0013

31 0.4553 0.7968  0.0540 0.0108 0.0148 0.0234 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006

32 0.2342 0.0942 0.0540  0.5216 0.5998 0.7275 0.1169 0.1092 0.1092 0.1092 0.1092 0.1092 0.1144

33 0.0683 0.0214 0.0108 0.5216 0.9072 0.7696 0.3513 0.3339 0.3339 0.3339 0.3339 0.3339 0.3457

34 0.0876 0.0287 0.0148 0.5998 0.9072 0.8600 0.2947 0.2792 0.2792 0.2792 0.2792 0.2792 0.2897

35 0.1249 0.0438 0.0234 0.7275 0.7696 0.8600 0.2213 0.2087 0.2087 0.2087 0.2087 0.2087 0.2172

36 0.0063 0.0014 0.0006 0.1169 0.3513 0.2947 0.2213 0.9724 0.9724 0.9724 0.9724 0.9724 0.9912

37 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 0.9813

38 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 0.9813

39 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000  1.0000 1.0000 0.9813

40 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000  1.0000 0.9813

41 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000  0.9813

42 0.0061 0.0013 0.0006 0.1144 0.3457 0.2897 0.2172 0.9912 0.9813 0.9813 0.9813 0.9813 0.9813 

43 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

44 0.1434 0.3283 0.4709 0.0086 0.0012 0.0018 0.0031 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

45 0.1016 0.2491 0.3699 0.0052 0.0007 0.0010 0.0018 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

46 0.0992 0.2443 0.3638 0.0050 0.0006 0.0009 0.0017 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

47 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

48 0.0184 0.0047 0.0021 0.2353 0.5835 0.5064 0.4007 0.7004 0.6750 0.6750 0.6750 0.6750 0.6750 0.6922

49 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

50 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

51 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

52 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

53 0.0059 0.0013 0.0005 0.1118 0.3397 0.2844 0.2129 0.9818 0.9906 0.9906 0.9906 0.9906 0.9906 0.9906

54 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

55 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

56 0.0057 0.0012 0.0005 0.1092 0.3339 0.2792 0.2087 0.9724 1.0000 1.0000 1.0000 1.0000 1.0000 0.9813

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 43 44 45 46 47 48 49 50 51 52 53 54 55 56

1 <.0001 0.8671 0.9831 0.9732 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

2 <.0001 0.1749 0.2420 0.2470 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

3 <.0001 0.1103 0.1583 0.1620 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 43 44 45 46 47 48 49 50 51 52 53 54 55 56

4 <.0001 0.5101 0.6380 0.6469 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

5 0.3306 0.0004 0.0002 0.0002 0.3306 0.5990 0.3306 0.3306 0.3306 0.3306 0.3368 0.3306 0.3306 0.3306

6 0.1085 0.0036 0.0020 0.0019 0.1085 0.2455 0.1085 0.1085 0.1085 0.1085 0.1112 0.1085 0.1085 0.1085

7 0.0001 0.5086 0.3959 0.3890 0.0001 0.0007 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001

8 0.7986 <.0001 <.0001 <.0001 0.7986 0.8468 0.7986 0.7986 0.7986 0.7986 0.8083 0.7986 0.7986 0.7986

9 0.9548 <.0001 <.0001 <.0001 0.9548 0.6953 0.9548 0.9548 0.9548 0.9548 0.9647 0.9548 0.9548 0.9548

10 0.8427 <.0001 <.0001 <.0001 0.8427 0.8026 0.8427 0.8427 0.8427 0.8427 0.8525 0.8427 0.8427 0.8427

11 0.9701 <.0001 <.0001 <.0001 0.9701 0.6811 0.9701 0.9701 0.9701 0.9701 0.9801 0.9701 0.9701 0.9701

12 0.9701 <.0001 <.0001 <.0001 0.9701 0.6811 0.9701 0.9701 0.9701 0.9701 0.9801 0.9701 0.9701 0.9701

13 0.9701 <.0001 <.0001 <.0001 0.9701 0.6811 0.9701 0.9701 0.9701 0.9701 0.9801 0.9701 0.9701 0.9701

14 0.9701 <.0001 <.0001 <.0001 0.9701 0.6811 0.9701 0.9701 0.9701 0.9701 0.9801 0.9701 0.9701 0.9701

15 0.9701 <.0001 <.0001 <.0001 0.9701 0.6811 0.9701 0.9701 0.9701 0.9701 0.9801 0.9701 0.9701 0.9701

16 0.0005 0.3183 0.2360 0.2311 0.0005 0.0022 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005

17 <.0001 0.6187 0.7570 0.7665 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

18 <.0001 0.4759 0.5997 0.6084 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

19 0.0043 0.0966 0.0648 0.0630 0.0043 0.0155 0.0043 0.0043 0.0043 0.0043 0.0045 0.0043 0.0043 0.0043

20 <.0001 0.5754 0.4544 0.4469 <.0001 0.0005 <.0001 <.0001 <.0001 <.0001 0.0001 <.0001 <.0001 <.0001

21 0.9700 <.0001 <.0001 <.0001 0.9700 0.6813 0.9700 0.9700 0.9700 0.9700 0.9800 0.9700 0.9700 0.9700

22 0.7600 <.0001 <.0001 <.0001 0.7600 0.8863 0.7600 0.7600 0.7600 0.7600 0.7696 0.7600 0.7600 0.7600

23 0.0626 0.0079 0.0045 0.0044 0.0626 0.1555 0.0626 0.0626 0.0626 0.0626 0.0644 0.0626 0.0626 0.0626

24 0.9254 <.0001 <.0001 <.0001 0.9254 0.7227 0.9254 0.9254 0.9254 0.9254 0.9354 0.9254 0.9254 0.9254

25 0.9254 <.0001 <.0001 <.0001 0.9254 0.7227 0.9254 0.9254 0.9254 0.9254 0.9354 0.9254 0.9254 0.9254

26 0.9701 <.0001 <.0001 <.0001 0.9701 0.6811 0.9701 0.9701 0.9701 0.9701 0.9801 0.9701 0.9701 0.9701

27 0.9254 <.0001 <.0001 <.0001 0.9254 0.7227 0.9254 0.9254 0.9254 0.9254 0.9354 0.9254 0.9254 0.9254

28 0.9254 <.0001 <.0001 <.0001 0.9254 0.7227 0.9254 0.9254 0.9254 0.9254 0.9354 0.9254 0.9254 0.9254

29 0.0057 0.1434 0.1016 0.0992 0.0057 0.0184 0.0057 0.0057 0.0057 0.0057 0.0059 0.0057 0.0057 0.0057

30 0.0012 0.3283 0.2491 0.2443 0.0012 0.0047 0.0012 0.0012 0.0012 0.0012 0.0013 0.0012 0.0012 0.0012

31 0.0005 0.4709 0.3699 0.3638 0.0005 0.0021 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005

32 0.1092 0.0086 0.0052 0.0050 0.1092 0.2353 0.1092 0.1092 0.1092 0.1092 0.1118 0.1092 0.1092 0.1092

33 0.3339 0.0012 0.0007 0.0006 0.3339 0.5835 0.3339 0.3339 0.3339 0.3339 0.3397 0.3339 0.3339 0.3339

34 0.2792 0.0018 0.0010 0.0009 0.2792 0.5064 0.2792 0.2792 0.2792 0.2792 0.2844 0.2792 0.2792 0.2792

35 0.2087 0.0031 0.0018 0.0017 0.2087 0.4007 0.2087 0.2087 0.2087 0.2087 0.2129 0.2087 0.2087 0.2087

36 0.9724 <.0001 <.0001 <.0001 0.9724 0.7004 0.9724 0.9724 0.9724 0.9724 0.9818 0.9724 0.9724 0.9724

37 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

38 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

39 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

40 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

41 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 43 44 45 46 47 48 49 50 51 52 53 54 55 56

42 0.9813 <.0001 <.0001 <.0001 0.9813 0.6922 0.9813 0.9813 0.9813 0.9813 0.9906 0.9813 0.9813 0.9813

43  <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

44 <.0001 0.8601 0.8509 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

45 <.0001 0.8601  0.9907 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

46 <.0001 0.8509 0.9907  <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

47 1.0000 <.0001 <.0001 <.0001 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

48 0.6750 0.0002 <.0001 <.0001 0.6750 0.6750 0.6750 0.6750 0.6750 0.6835 0.6750 0.6750 0.6750

49 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

50 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

51 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

52 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 1.0000

53 0.9906 <.0001 <.0001 <.0001 0.9906 0.6835 0.9906 0.9906 0.9906 0.9906  0.9906 0.9906 0.9906

54 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906  1.0000 1.0000

55 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000  1.0000

56 1.0000 <.0001 <.0001 <.0001 1.0000 0.6750 1.0000 1.0000 1.0000 1.0000 0.9906 1.0000 1.0000 
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Appendix C 
 

Least squares means of percentages of resistant isolates for cool season Enterococcus 
 

The GLM Procedure 
Least Squares Means 

Season=cool Bacteria=Enterococcus 
 

Table 1. Least squares means and the index numbers of percentages of resistant isolates at different antibiotic 
concentrations for Enterococcus in cool season 

 

Age Trt Pc LSMEAN
LSMEAN 

Number

Finishing AMX2.5 20.0220341 1

Finishing CEP10 22.1695244 2

Finishing CEP15 21.9843392 3

Finishing CEP30 20.3545964 4

Finishing CEP50 9.9537037 5

Finishing CTC100 57.9319101 6

Finishing CTC60 77.2425586 7

Finishing CTC80 69.7840449 8

Finishing ERY10 57.3682908 9

Finishing ERY15 57.3682908 10

Finishing ERY30 53.4902951 11

Finishing ERY50 46.1346660 12

Finishing NEO40 36.7005135 13

Finishing NEO60 30.3092196 14

Finishing NEO80 25.5382961 15

Finishing OTC100 8.8425926 16

Finishing OTC20 38.9804912 17

Finishing OTC40 30.4834762 18

Finishing OTC60 24.3043177 19

Finishing OTC80 12.3983179 20

Finishing STR100 29.4319950 21

Finishing STR40 36.6018377 22

Finishing STR60 31.2493280 23

Finishing STR80 31.3864132 24

Finishing TET10 42.7410661 25

Finishing TET100 10.5092593 26

Finishing TET15 42.0917155 27

Finishing TET30 33.5072716 28

Finishing TET50 22.6751761 29



 

 116

Age Trt Pc LSMEAN
LSMEAN 

Number

Finishing VAN2.5 20.6804742 30

Nursery AMX2.5 81.8758307 31

Nursery CEP10 95.5436720 32

Nursery CEP15 95.5436720 33

Nursery CEP30 88.4135472 34

Nursery CEP50 88.4135472 35

Nursery CTC100 82.5397942 36

Nursery CTC60 88.1600447 37

Nursery CTC80 84.1376028 38

Nursery ERY10 95.3654189 39

Nursery ERY15 93.5828877 40

Nursery ERY30 93.4092766 41

Nursery ERY50 84.5430407 42

Nursery NEO40 94.2058452 43

Nursery NEO60 93.3266782 44

Nursery NEO80 81.8934117 45

Nursery OTC100 89.3217000 46

Nursery OTC20 99.2869875 47

Nursery OTC40 99.2869875 48

Nursery OTC60 98.4097945 49

Nursery OTC80 97.1620227 50

Nursery STR100 86.3283864 51

Nursery STR40 94.8334741 52

Nursery STR60 92.5208255 53

Nursery STR80 90.9351155 54

Nursery TET10 97.0062858 55

Nursery TET100 83.2966664 56

Nursery TET15 95.7782156 57

Nursery TET30 94.2248530 58

Nursery TET50 92.6325269 59

Nursery VAN2.5 0.1736111 60
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Table 2. P-values of comparisons of different antibiotic concentrations for Enterococcus in cool season 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1  0.7837 0.8019 0.9661 0.1993 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0011 0.0344 0.1898 0.4811 

2 0.7837  0.9811 0.8165 0.1199 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0026 0.0648 0.2990 0.6668 

3 0.8019 0.9811  0.8350 0.1256 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0024 0.0615 0.2882 0.6497 

4 0.9661 0.8165 0.8350  0.1850 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0012 0.0381 0.2044 0.5079 

5 0.1993 0.1199 0.1256 0.1850  <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0008 0.0101 0.0478 

6 <.0001 <.0001 <.0001 <.0001 <.0001  0.0146 0.1312 0.9426 0.9426 0.5704 0.1330 0.0073 0.0005 <.0001 

7 <.0001 <.0001 <.0001 <.0001 <.0001 0.0146  0.3411 0.0120 0.0120 0.0028 0.0001 <.0001 <.0001 <.0001 

8 <.0001 <.0001 <.0001 <.0001 <.0001 0.1312 0.3411  0.1140 0.1140 0.0387 0.0029 <.0001 <.0001 <.0001 

9 <.0001 <.0001 <.0001 <.0001 <.0001 0.9426 0.0120 0.1140  1.0000 0.6202 0.1524 0.0090 0.0007 <.0001 

10 <.0001 <.0001 <.0001 <.0001 <.0001 0.9426 0.0120 0.1140 1.0000  0.6202 0.1524 0.0090 0.0007 <.0001 

11 <.0001 <.0001 <.0001 <.0001 <.0001 0.5704 0.0028 0.0387 0.6202 0.6202  0.3478 0.0332 0.0035 0.0005 

12 0.0011 0.0026 0.0024 0.0012 <.0001 0.1330 0.0001 0.0029 0.1524 0.1524 0.3478  0.2290 0.0445 0.0093 

13 0.0344 0.0648 0.0615 0.0381 0.0008 0.0073 <.0001 <.0001 0.0090 0.0090 0.0332 0.2290  0.4144 0.1550 

14 0.1898 0.2990 0.2882 0.2044 0.0101 0.0005 <.0001 <.0001 0.0007 0.0007 0.0035 0.0445 0.4144  0.5422 

15 0.4811 0.6668 0.6497 0.5079 0.0478 <.0001 <.0001 <.0001 <.0001 <.0001 0.0005 0.0093 0.1550 0.5422  

16 0.1544 0.0900 0.0945 0.1426 0.8870 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0005 0.0067 0.0342 

17 0.0164 0.0330 0.0311 0.0184 0.0003 0.0165 <.0001 0.0001 0.0199 0.0199 0.0652 0.3611 0.7707 0.2686 0.0873 

18 0.1824 0.2888 0.2782 0.1967 0.0095 0.0006 <.0001 <.0001 0.0008 0.0008 0.0037 0.0469 0.4272 0.9822 0.5275 

19 0.5843 0.7849 0.7668 0.6138 0.0681 <.0001 <.0001 <.0001 <.0001 <.0001 0.0003 0.0059 0.1146 0.4431 0.8747 

20 0.3305 0.2128 0.2216 0.3100 0.7547 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0022 0.0232 0.0946 

21 0.2301 0.3539 0.3418 0.2470 0.0137 0.0004 <.0001 <.0001 0.0005 0.0005 0.0025 0.0341 0.3535 0.9107 0.6188 

22 0.0354 0.0666 0.0632 0.0392 0.0008 0.0071 <.0001 <.0001 0.0087 0.0087 0.0322 0.2242 0.9899 0.4217 0.1587 

23 0.1527 0.2468 0.2374 0.1651 0.0072 0.0008 <.0001 <.0001 0.0010 0.0010 0.0050 0.0586 0.4862 0.9043 0.4657 

24 0.1477 0.2398 0.2305 0.1599 0.0068 0.0009 <.0001 <.0001 0.0011 0.0011 0.0053 0.0609 0.4973 0.8905 0.4551 

25 0.0042 0.0093 0.0087 0.0048 <.0001 0.0537 <.0001 0.0007 0.0631 0.0631 0.1708 0.6645 0.4405 0.1136 0.0292 

26 0.2251 0.1376 0.1439 0.2094 0.9434 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0010 0.0123 0.0562 

27 0.0054 0.0118 0.0110 0.0061 <.0001 0.0443 <.0001 0.0005 0.0523 0.0523 0.1465 0.6054 0.4910 0.1335 0.0357 

28 0.0863 0.1487 0.1422 0.0943 0.0030 0.0021 <.0001 <.0001 0.0027 0.0027 0.0115 0.1080 0.6832 0.6827 0.3092 

29 0.7345 0.9485 0.9296 0.7668 0.1055 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 0.0031 0.0746 0.3299 0.7144 

30 0.9329 0.8490 0.8676 0.9668 0.1717 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0014 0.0420 0.2195 0.5349 

31 <.0001 <.0001 <.0001 <.0001 <.0001 0.0052 0.5836 0.1538 0.0042 0.0042 0.0010 <.0001 <.0001 <.0001 <.0001 

32 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0317 0.0027 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

33 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0317 0.0027 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

34 <.0001 <.0001 <.0001 <.0001 <.0001 0.0004 0.1874 0.0288 0.0003 0.0003 <.0001 <.0001 <.0001 <.0001 <.0001 

35 <.0001 <.0001 <.0001 <.0001 <.0001 0.0004 0.1874 0.0288 0.0003 0.0003 <.0001 <.0001 <.0001 <.0001 <.0001 

36 <.0001 <.0001 <.0001 <.0001 <.0001 0.0041 0.5310 0.1326 0.0033 0.0033 0.0007 <.0001 <.0001 <.0001 <.0001 

37 <.0001 <.0001 <.0001 <.0001 <.0001 0.0005 0.1976 0.0310 0.0004 0.0004 <.0001 <.0001 <.0001 <.0001 <.0001 

38 <.0001 <.0001 <.0001 <.0001 <.0001 0.0023 0.4150 0.0909 0.0018 0.0018 0.0004 <.0001 <.0001 <.0001 <.0001 

39 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0333 0.0029 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

40 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0546 0.0054 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

41 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0572 0.0058 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

42 <.0001 <.0001 <.0001 <.0001 <.0001 0.0020 0.3882 0.0823 0.0016 0.0016 0.0003 <.0001 <.0001 <.0001 <.0001 

43 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0462 0.0044 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

44 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0585 0.0060 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

45 <.0001 <.0001 <.0001 <.0001 <.0001 0.0051 0.5822 0.1532 0.0042 0.0042 0.0010 <.0001 <.0001 <.0001 <.0001 

46 <.0001 <.0001 <.0001 <.0001 <.0001 0.0003 0.1543 0.0219 0.0002 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 

47 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0099 0.0006 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

48 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0099 0.0006 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

49 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0132 0.0009 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

50 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0195 0.0015 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

51 <.0001 <.0001 <.0001 <.0001 <.0001 0.0010 0.2832 0.0517 0.0008 0.0008 0.0002 <.0001 <.0001 <.0001 <.0001 

52 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0388 0.0035 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

53 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0721 0.0079 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

54 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 0.1067 0.0133 0.0001 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

55 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0205 0.0015 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

56 <.0001 <.0001 <.0001 <.0001 <.0001 0.0031 0.4740 0.1113 0.0025 0.0025 0.0005 <.0001 <.0001 <.0001 <.0001 

57 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0296 0.0025 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

58 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0459 0.0043 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

59 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0701 0.0076 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

60 0.0200 0.0101 0.0107 0.0180 0.2481 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0005 0.0031 

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 0.1544 0.0164 0.1824 0.5843 0.3305 0.2301 0.0354 0.1527 0.1477 0.0042 0.2251 0.0054 0.0863 0.7345 0.9329 

2 0.0900 0.0330 0.2888 0.7849 0.2128 0.3539 0.0666 0.2468 0.2398 0.0093 0.1376 0.0118 0.1487 0.9485 0.8490 

3 0.0945 0.0311 0.2782 0.7668 0.2216 0.3418 0.0632 0.2374 0.2305 0.0087 0.1439 0.0110 0.1422 0.9296 0.8676 

4 0.1426 0.0184 0.1967 0.6138 0.3100 0.2470 0.0392 0.1651 0.1599 0.0048 0.2094 0.0061 0.0943 0.7668 0.9668 

5 0.8870 0.0003 0.0095 0.0681 0.7547 0.0137 0.0008 0.0072 0.0068 <.0001 0.9434 <.0001 0.0030 0.1055 0.1717 

6 <.0001 0.0165 0.0006 <.0001 <.0001 0.0004 0.0071 0.0008 0.0009 0.0537 <.0001 0.0443 0.0021 <.0001 <.0001 

7 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

8 <.0001 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0007 <.0001 0.0005 <.0001 <.0001 <.0001 

9 <.0001 0.0199 0.0008 <.0001 <.0001 0.0005 0.0087 0.0010 0.0011 0.0631 <.0001 0.0523 0.0027 <.0001 <.0001 

10 <.0001 0.0199 0.0008 <.0001 <.0001 0.0005 0.0087 0.0010 0.0011 0.0631 <.0001 0.0523 0.0027 <.0001 <.0001 

11 <.0001 0.0652 0.0037 0.0003 <.0001 0.0025 0.0322 0.0050 0.0053 0.1708 <.0001 0.1465 0.0115 0.0001 <.0001 

12 <.0001 0.3611 0.0469 0.0059 <.0001 0.0341 0.2242 0.0586 0.0609 0.6645 <.0001 0.6054 0.1080 0.0031 0.0014 

13 0.0005 0.7707 0.4272 0.1146 0.0022 0.3535 0.9899 0.4862 0.4973 0.4405 0.0010 0.4910 0.6832 0.0746 0.0420 

14 0.0067 0.2686 0.9822 0.4431 0.0232 0.9107 0.4217 0.9043 0.8905 0.1136 0.0123 0.1335 0.6827 0.3299 0.2195 

15 0.0342 0.0873 0.5275 0.8747 0.0946 0.6188 0.1587 0.4657 0.4551 0.0292 0.0562 0.0357 0.3092 0.7144 0.5349 

16  0.0002 0.0063 0.0496 0.6495 0.0093 0.0005 0.0047 0.0045 <.0001 0.8313 <.0001 0.0019 0.0786 0.1317 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

17 0.0002  0.2783 0.0622 0.0009 0.2234 0.7611 0.3238 0.3324 0.6308 0.0004 0.6909 0.4845 0.0385 0.0205 

18 0.0063 0.2783  0.4301 0.0220 0.8931 0.4346 0.9220 0.9081 0.1187 0.0116 0.1393 0.6992 0.3190 0.2114 

19 0.0496 0.0622 0.4301  0.1295 0.5124 0.1175 0.3753 0.3659 0.0196 0.0794 0.0242 0.2405 0.8350 0.6433 

20 0.6495 0.0009 0.0220 0.1295  0.0308 0.0023 0.0170 0.0163 0.0002 0.8092 0.0002 0.0077 0.1902 0.2906 

21 0.0093 0.2234 0.8931 0.5124 0.0308  0.3601 0.8163 0.8027 0.0905 0.0166 0.1071 0.6025 0.3883 0.2643 

22 0.0005 0.7611 0.4346 0.1175 0.0023 0.3601  0.4942 0.5053 0.4330 0.0011 0.4832 0.6925 0.0766 0.0433 

23 0.0047 0.3238 0.9220 0.3753 0.0170 0.8163 0.4942  0.9860 0.1433 0.0088 0.1671 0.7729 0.2740 0.1780 

24 0.0045 0.3324 0.9081 0.3659 0.0163 0.8027 0.5053 0.9860  0.1481 0.0084 0.1725 0.7863 0.2665 0.1725 

25 <.0001 0.6308 0.1187 0.0196 0.0002 0.0905 0.4330 0.1433 0.1481  <.0001 0.9338 0.2389 0.0112 0.0054 

26 0.8313 0.0004 0.0116 0.0794 0.8092 0.0166 0.0011 0.0088 0.0084 <.0001  <.0001 0.0038 0.1214 0.1948 

27 <.0001 0.6909 0.1393 0.0242 0.0002 0.1071 0.4832 0.1671 0.1725 0.9338 <.0001  0.2734 0.0140 0.0069 

28 0.0019 0.4845 0.6992 0.2405 0.0077 0.6025 0.6925 0.7729 0.7863 0.2389 0.0038 0.2734  0.1675 0.1026 

29 0.0786 0.0385 0.3190 0.8350 0.1902 0.3883 0.0766 0.2740 0.2665 0.0112 0.1214 0.0140 0.1675  0.7987 

30 0.1317 0.0205 0.2114 0.6433 0.2906 0.2643 0.0433 0.1780 0.1725 0.0054 0.1948 0.0069 0.1026 0.7987  

31 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

32 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

33 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

34 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

35 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

36 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

37 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

38 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

39 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

40 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

41 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

42 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

43 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

44 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

45 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

46 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

47 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

48 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

49 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

50 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

51 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

52 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

53 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

54 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

55 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

56 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

57 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

58 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

59 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

60 0.3058 <.0001 0.0004 0.0048 0.1494 0.0007 <.0001 0.0003 0.0003 <.0001 0.2224 <.0001 0.0001 0.0085 0.0163 

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

1 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

2 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

3 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

4 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

5 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

6 0.0052 <.0001 <.0001 0.0004 0.0004 0.0041 0.0005 0.0023 <.0001 <.0001 <.0001 0.0020 <.0001 <.0001 0.0051 

7 0.5836 0.0317 0.0317 0.1874 0.1874 0.5310 0.1976 0.4150 0.0333 0.0546 0.0572 0.3882 0.0462 0.0585 0.5822 

8 0.1538 0.0027 0.0027 0.0288 0.0288 0.1326 0.0310 0.0909 0.0029 0.0054 0.0058 0.0823 0.0044 0.0060 0.1532 

9 0.0042 <.0001 <.0001 0.0003 0.0003 0.0033 0.0004 0.0018 <.0001 <.0001 <.0001 0.0016 <.0001 <.0001 0.0042 

10 0.0042 <.0001 <.0001 0.0003 0.0003 0.0033 0.0004 0.0018 <.0001 <.0001 <.0001 0.0016 <.0001 <.0001 0.0042 

11 0.0010 <.0001 <.0001 <.0001 <.0001 0.0007 <.0001 0.0004 <.0001 <.0001 <.0001 0.0003 <.0001 <.0001 0.0010 

12 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

13 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

14 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

15 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

16 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

17 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

18 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

19 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

20 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

21 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

22 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

23 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

24 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

25 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

26 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

27 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

28 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

29 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

30 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

31  0.1317 0.1317 0.4696 0.4696 0.9414 0.4870 0.8023 0.1368 0.1962 0.2029 0.7678 0.1736 0.2061 0.9984 

32 0.1317  1.0000 0.4304 0.4304 0.1514 0.4142 0.2079 0.9843 0.8282 0.8132 0.2244 0.8823 0.8061 0.1322 

33 0.1317 1.0000  0.4304 0.4304 0.1514 0.4142 0.2079 0.9843 0.8282 0.8132 0.2244 0.8823 0.8061 0.1322 

34 0.4696 0.4304 0.4304  1.0000 0.5158 0.9776 0.6361 0.4420 0.5673 0.5804 0.6684 0.5216 0.5867 0.4708 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

35 0.4696 0.4304 0.4304 1.0000  0.5158 0.9776 0.6361 0.4420 0.5673 0.5804 0.6684 0.5216 0.5867 0.4708 

36 0.9414 0.1514 0.1514 0.5158 0.5158  0.5341 0.8596 0.1571 0.2227 0.2300 0.8245 0.1978 0.2335 0.9430 

37 0.4870 0.4142 0.4142 0.9776 0.9776 0.5341  0.6562 0.4255 0.5485 0.5614 0.6889 0.5036 0.5675 0.4882 

38 0.8023 0.2079 0.2079 0.6361 0.6361 0.8596 0.6562  0.2151 0.2966 0.3055 0.9642 0.2660 0.3099 0.8038 

39 0.1368 0.9843 0.9843 0.4420 0.4420 0.1571 0.4255 0.2151  0.8436 0.8286 0.2320 0.8979 0.8214 0.1373 

40 0.1962 0.8282 0.8282 0.5673 0.5673 0.2227 0.5485 0.2966 0.8436  0.9847 0.3177 0.9450 0.9774 0.1969 

41 0.2029 0.8132 0.8132 0.5804 0.5804 0.2300 0.5614 0.3055 0.8286 0.9847  0.3271 0.9297 0.9927 0.2036 

42 0.7678 0.2244 0.2244 0.6684 0.6684 0.8245 0.6889 0.9642 0.2320 0.3177 0.3271  0.2857 0.3316 0.7693 

43 0.1736 0.8823 0.8823 0.5216 0.5216 0.1978 0.5036 0.2660 0.8979 0.9450 0.9297 0.2857  0.9225 0.1742 

44 0.2061 0.8061 0.8061 0.5867 0.5867 0.2335 0.5675 0.3099 0.8214 0.9774 0.9927 0.3316 0.9225  0.2068 

45 0.9984 0.1322 0.1322 0.4708 0.4708 0.9430 0.4882 0.8038 0.1373 0.1969 0.2036 0.7693 0.1742 0.2068  

46 0.4103 0.4913 0.4913 0.9199 0.9199 0.4532 0.8977 0.5662 0.5038 0.6372 0.6510 0.5969 0.5889 0.6576 0.4114 

47 0.0554 0.6786 0.6786 0.2298 0.2298 0.0653 0.2192 0.0951 0.6643 0.5280 0.5155 0.1042 0.5740 0.5096 0.0557 

48 0.0554 0.6786 0.6786 0.2298 0.2298 0.0653 0.2192 0.0951 0.6643 0.5280 0.5155 0.1042 0.5740 0.5096 0.0557 

49 0.0688 0.7510 0.7510 0.2694 0.2694 0.0805 0.2575 0.1156 0.7361 0.5932 0.5800 0.1263 0.6417 0.5738 0.0690 

50 0.0922 0.8578 0.8578 0.3335 0.3335 0.1070 0.3198 0.1508 0.8423 0.6920 0.6779 0.1638 0.7435 0.6712 0.0925 

51 0.6222 0.3085 0.3085 0.8174 0.8174 0.6750 0.8393 0.8084 0.3179 0.4224 0.4336 0.8433 0.3838 0.4389 0.6236 

52 0.1529 0.9373 0.9373 0.4776 0.4776 0.1749 0.4604 0.2375 0.9530 0.8899 0.8747 0.2556 0.9446 0.8675 0.1534 

53 0.2397 0.7379 0.7379 0.6494 0.6494 0.2702 0.6294 0.3541 0.7529 0.9064 0.9216 0.3777 0.8520 0.9289 0.2405 

54 0.3167 0.6101 0.6101 0.7801 0.7801 0.3534 0.7587 0.4522 0.6239 0.7694 0.7842 0.4795 0.7173 0.7912 0.3176 

55 0.0955 0.8714 0.8714 0.3422 0.3422 0.1108 0.3282 0.1557 0.8559 0.7047 0.6905 0.1690 0.7566 0.6838 0.0959 

56 0.8750 0.1765 0.1765 0.5713 0.5713 0.9332 0.5905 0.9258 0.1828 0.2558 0.2639 0.8903 0.2283 0.2678 0.8765 

57 0.1253 0.9793 0.9793 0.4154 0.4154 0.1442 0.3996 0.1988 0.9635 0.8080 0.7931 0.2148 0.8618 0.7861 0.1258 

58 0.1729 0.8839 0.8839 0.5203 0.5203 0.1971 0.5023 0.2651 0.8995 0.9433 0.9281 0.2847 0.9983 0.9208 0.1736 

59 0.2348 0.7473 0.7473 0.6406 0.6406 0.2649 0.6206 0.3477 0.7623 0.9162 0.9315 0.3711 0.8617 0.9387 0.2356 

60 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

1 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0200 

2 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0101 

3 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0107 

4 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0180 

5 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.2481 

6 0.0003 <.0001 <.0001 <.0001 <.0001 0.0010 <.0001 <.0001 0.0001 <.0001 0.0031 <.0001 <.0001 <.0001 <.0001 

7 0.1543 0.0099 0.0099 0.0132 0.0195 0.2832 0.0388 0.0721 0.1067 0.0205 0.4740 0.0296 0.0459 0.0701 <.0001 

8 0.0219 0.0006 0.0006 0.0009 0.0015 0.0517 0.0035 0.0079 0.0133 0.0015 0.1113 0.0025 0.0043 0.0076 <.0001 

9 0.0002 <.0001 <.0001 <.0001 <.0001 0.0008 <.0001 <.0001 0.0001 <.0001 0.0025 <.0001 <.0001 <.0001 <.0001 

10 0.0002 <.0001 <.0001 <.0001 <.0001 0.0008 <.0001 <.0001 0.0001 <.0001 0.0025 <.0001 <.0001 <.0001 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

11 <.0001 <.0001 <.0001 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 0.0005 <.0001 <.0001 <.0001 <.0001 

12 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

13 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

14 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0005 

15 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0031 

16 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.3058 

17 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

18 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0004 

19 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0048 

20 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.1494 

21 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0007 

22 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

23 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0003 

24 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0003 

25 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

26 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.2224 

27 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

28 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 

29 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0085 

30 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0163 

31 0.4103 0.0554 0.0554 0.0688 0.0922 0.6222 0.1529 0.2397 0.3167 0.0955 0.8750 0.1253 0.1729 0.2348 <.0001 

32 0.4913 0.6786 0.6786 0.7510 0.8578 0.3085 0.9373 0.7379 0.6101 0.8714 0.1765 0.9793 0.8839 0.7473 <.0001 

33 0.4913 0.6786 0.6786 0.7510 0.8578 0.3085 0.9373 0.7379 0.6101 0.8714 0.1765 0.9793 0.8839 0.7473 <.0001 

34 0.9199 0.2298 0.2298 0.2694 0.3335 0.8174 0.4776 0.6494 0.7801 0.3422 0.5713 0.4154 0.5203 0.6406 <.0001 

35 0.9199 0.2298 0.2298 0.2694 0.3335 0.8174 0.4776 0.6494 0.7801 0.3422 0.5713 0.4154 0.5203 0.6406 <.0001 

36 0.4532 0.0653 0.0653 0.0805 0.1070 0.6750 0.1749 0.2702 0.3534 0.1108 0.9332 0.1442 0.1971 0.2649 <.0001 

37 0.8977 0.2192 0.2192 0.2575 0.3198 0.8393 0.4604 0.6294 0.7587 0.3282 0.5905 0.3996 0.5023 0.6206 <.0001 

38 0.5662 0.0951 0.0951 0.1156 0.1508 0.8084 0.2375 0.3541 0.4522 0.1557 0.9258 0.1988 0.2651 0.3477 <.0001 

39 0.5038 0.6643 0.6643 0.7361 0.8423 0.3179 0.9530 0.7529 0.6239 0.8559 0.1828 0.9635 0.8995 0.7623 <.0001 

40 0.6372 0.5280 0.5280 0.5932 0.6920 0.4224 0.8899 0.9064 0.7694 0.7047 0.2558 0.8080 0.9433 0.9162 <.0001 

41 0.6510 0.5155 0.5155 0.5800 0.6779 0.4336 0.8747 0.9216 0.7842 0.6905 0.2639 0.7931 0.9281 0.9315 <.0001 

42 0.5969 0.1042 0.1042 0.1263 0.1638 0.8433 0.2556 0.3777 0.4795 0.1690 0.8903 0.2148 0.2847 0.3711 <.0001 

43 0.5889 0.5740 0.5740 0.6417 0.7435 0.3838 0.9446 0.8520 0.7173 0.7566 0.2283 0.8618 0.9983 0.8617 <.0001 

44 0.6576 0.5096 0.5096 0.5738 0.6712 0.4389 0.8675 0.9289 0.7912 0.6838 0.2678 0.7861 0.9208 0.9387 <.0001 

45 0.4114 0.0557 0.0557 0.0690 0.0925 0.6236 0.1534 0.2405 0.3176 0.0959 0.8765 0.1258 0.1736 0.2356 <.0001 

46  0.2709 0.2709 0.3152 0.3860 0.7404 0.5420 0.7233 0.8582 0.3955 0.5051 0.4751 0.5874 0.7140 <.0001 

47 0.2709  1.0000 0.9226 0.8140 0.1528 0.6221 0.4542 0.3559 0.8007 0.0783 0.6977 0.5754 0.4617 <.0001 

48 0.2709 1.0000  0.9226 0.8140 0.1528 0.6221 0.4542 0.3559 0.8007 0.0783 0.6977 0.5754 0.4617 <.0001 

49 0.3152 0.9226 0.9226  0.8901 0.1824 0.6922 0.5147 0.4085 0.8765 0.0959 0.7708 0.6433 0.5227 <.0001 

50 0.3860 0.8140 0.8140 0.8901  0.2315 0.7966 0.6075 0.4909 0.9862 0.1263 0.8782 0.7451 0.6162 <.0001 

51 0.7404 0.1528 0.1528 0.1824 0.2315  0.3471 0.4933 0.6102 0.2383 0.7372 0.2964 0.3826 0.4856 <.0001 

52 0.5420 0.6221 0.6221 0.6922 0.7966 0.3471  0.7979 0.6661 0.8099 0.2028 0.9167 0.9463 0.8075 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

53 0.7233 0.4542 0.4542 0.5147 0.6075 0.4933 0.7979  0.8606 0.6196 0.3080 0.7184 0.8504 0.9901 <.0001 

54 0.8582 0.3559 0.3559 0.4085 0.4909 0.6102 0.6661 0.8606  0.5018 0.3983 0.5920 0.7158 0.8509 <.0001 

55 0.3955 0.8007 0.8007 0.8765 0.9862 0.2383 0.8099 0.6196 0.5018  0.1306 0.8919 0.7582 0.6284 <.0001 

56 0.5051 0.0783 0.0783 0.0959 0.1263 0.7372 0.2028 0.3080 0.3983 0.1306  0.1684 0.2275 0.3022 <.0001 

57 0.4751 0.6977 0.6977 0.7708 0.8782 0.2964 0.9167 0.7184 0.5920 0.8919 0.1684  0.8635 0.7277 <.0001 

58 0.5874 0.5754 0.5754 0.6433 0.7451 0.3826 0.9463 0.8504 0.7158 0.7582 0.2275 0.8635  0.8601 <.0001 

59 0.7140 0.4617 0.4617 0.5227 0.6162 0.4856 0.8075 0.9901 0.8509 0.6284 0.3022 0.7277 0.8601  <.0001 

60 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001  
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Appendix D 
 

Least squares means of percentages of resistant isolates for warm season E. coli 
 

The GLM Procedure 
Least Squares Means 

Season=warm Bacteria=E. coli 
 

Table 1. Least squares means and the index numbers of percentages of resistant isolates at different antibiotic 
concentrations for E. coli in warm season 
 

Trt Pc LSMEAN
LSMEAN 

Number

Finishing CEP15 93.260035 1

Finishing CEP25 87.308892 2

Finishing CEP35 78.293639 3

Finishing ERY100 12.725746 4

Finishing ERY60 38.496542 5

Finishing ERY70 34.150818 6

Finishing ERY90 19.313325 7

Finishing NEO10 43.563449 8

Finishing NEO2.5 98.815093 9

Finishing NEO5 60.974628 10

Finishing OTC10 94.188659 11

Finishing OTC15 94.188659 12

Finishing OTC2.5 100.000000 13

Finishing OTC5 99.475055 14

Finishing OTC7.5 96.439557 15

Finishing RIF60 11.413599 16

Finishing RIF75 6.307799 17

Finishing RIF90 3.289561 18

Finishing STR10 53.106927 19

Finishing STR15 47.836647 20

Finishing STR2.5 96.172375 21

Finishing STR5 94.070484 22

Finishing STR7.5 71.768664 23

Finishing TET10 94.728994 24

Finishing TET15 94.199894 25

Finishing TET2.5 100.000000 26

Finishing TET5 99.604567 27

Finishing TET7.5 95.515052 28

Nursery CEP15 100.000000 29
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Trt Pc LSMEAN
LSMEAN 

Number

Nursery CEP25 100.000000 30

Nursery CEP35 100.000000 31

Nursery ERY100 80.977312 32

Nursery ERY60 96.345986 33

Nursery ERY70 94.002236 34

Nursery ERY90 93.216896 35

Nursery NEO10 60.400305 36

Nursery NEO2.5 69.010417 37

Nursery NEO5 62.753599 38

Nursery OTC10 100.000000 39

Nursery OTC15 100.000000 40

Nursery OTC2.5 100.000000 41

Nursery OTC5 100.000000 42

Nursery OTC7.5 100.000000 43

Nursery RIF60 15.374127 44

Nursery RIF75 3.906250 45

Nursery RIF90 1.302083 46

Nursery STR10 90.095986 47

Nursery STR15 89.834206 48

Nursery STR2.5 94.531250 49

Nursery STR5 94.270833 50

Nursery STR7.5 90.619546 51

Nursery TET10 100.000000 52

Nursery TET15 100.000000 53

Nursery TET2.5 100.000000 54

Nursery TET5 100.000000 55

Nursery TET7.5 100.000000 56
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Table 2. P-values of comparisons of different antibiotic concentrations for E. coli in warm season 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1  0.5495 0.1340 <.0001 <.0001 <.0001 <.0001 <.0001 0.5763 0.0015 0.9255 0.9255 0.4980 0.5320

2 0.5495 0.3651 <.0001 <.0001 <.0001 <.0001 <.0001 0.2483 0.0091 0.4891 0.4891 0.2032 0.2223

3 0.1340 0.3651  <.0001 0.0001 <.0001 <.0001 0.0007 0.0408 0.0834 0.1117 0.1117 0.0307 0.0349

4 <.0001 <.0001 <.0001  0.0106 0.0329 0.5077 0.0024 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

5 <.0001 <.0001 0.0001 0.0106 0.6620 0.0556 0.6103 <.0001 0.0253 <.0001 <.0001 <.0001 <.0001

6 <.0001 <.0001 <.0001 0.0329 0.6620 0.1373 0.3444 <.0001 0.0079 <.0001 <.0001 <.0001 <.0001

7 <.0001 <.0001 <.0001 0.5077 0.0556 0.1373 0.0160 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

8 <.0001 <.0001 0.0007 0.0024 0.6103 0.3444 0.0160 <.0001 0.0818 <.0001 <.0001 <.0001 <.0001

9 0.5763 0.2483 0.0408 <.0001 <.0001 <.0001 <.0001 <.0001 0.0002 0.6416 0.6416 0.9051 0.9470

10 0.0015 0.0091 0.0834 <.0001 0.0253 0.0079 <.0001 0.0818 0.0002 0.0011 0.0011 0.0001 0.0002

11 0.9255 0.4891 0.1117 <.0001 <.0001 <.0001 <.0001 <.0001 0.6416 0.0011  1.0000 0.5589 0.5949

12 0.9255 0.4891 0.1117 <.0001 <.0001 <.0001 <.0001 <.0001 0.6416 0.0011 1.0000  0.5589 0.5949

13 0.4980 0.2032 0.0307 <.0001 <.0001 <.0001 <.0001 <.0001 0.9051 0.0001 0.5589 0.5589  0.9579

14 0.5320 0.2223 0.0349 <.0001 <.0001 <.0001 <.0001 <.0001 0.9470 0.0002 0.5949 0.5949 0.9579 

15 0.7490 0.3590 0.0699 <.0001 <.0001 <.0001 <.0001 <.0001 0.8110 0.0005 0.8208 0.8208 0.7201 0.7600

16 <.0001 <.0001 <.0001 0.8949 0.0073 0.0237 0.4272 0.0016 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

17 <.0001 <.0001 <.0001 0.5187 0.0016 0.0059 0.1923 0.0003 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

18 <.0001 <.0001 <.0001 0.3432 0.0006 0.0024 0.1089 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

19 <.0001 0.0008 0.0125 <.0001 0.1434 0.0585 0.0009 0.3378 <.0001 0.4291 <.0001 <.0001 <.0001 <.0001

20 <.0001 0.0001 0.0027 0.0006 0.3481 0.1702 0.0048 0.6672 <.0001 0.1878 <.0001 <.0001 <.0001 <.0001

21 0.7695 0.3732 0.0741 <.0001 <.0001 <.0001 <.0001 <.0001 0.7903 0.0006 0.8418 0.8418 0.7001 0.7396

22 0.9350 0.4966 0.1144 <.0001 <.0001 <.0001 <.0001 <.0001 0.6331 0.0012 0.9905 0.9905 0.5510 0.5867

23 0.0323 0.1199 0.5118 <.0001 0.0011 0.0002 <.0001 0.0053 0.0074 0.2786 0.0257 0.0257 0.0053 0.0061

24 0.8825 0.4557 0.1002 <.0001 <.0001 <.0001 <.0001 <.0001 0.6810 0.0009 0.9566 0.9566 0.5960 0.6330

25 0.9246 0.4884 0.1115 <.0001 <.0001 <.0001 <.0001 <.0001 0.6424 0.0011 0.9991 0.9991 0.5597 0.5957

26 0.4980 0.2032 0.0307 <.0001 <.0001 <.0001 <.0001 <.0001 0.9051 0.0001 0.5589 0.5589 1.0000 0.9579

27 0.5235 0.2175 0.0338 <.0001 <.0001 <.0001 <.0001 <.0001 0.9367 0.0002 0.5859 0.5859 0.9683 0.9896

28 0.8205 0.4096 0.0852 <.0001 <.0001 <.0001 <.0001 <.0001 0.7398 0.0007 0.8938 0.8938 0.6518 0.6903

29 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

30 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

31 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

32 0.3139 0.6030 0.8255 <.0001 0.0007 0.0002 <.0001 0.0026 0.1446 0.1023 0.2789 0.2789 0.1200 0.1305

33 0.7998 0.4582 0.1399 <.0001 <.0001 <.0001 <.0001 <.0001 0.8392 0.0043 0.8593 0.8593 0.7640 0.7971

34 0.9514 0.5825 0.1984 <.0001 <.0001 <.0001 <.0001 <.0001 0.6926 0.0076 0.9878 0.9878 0.6223 0.6530

35 0.9972 0.6275 0.2216 <.0001 <.0001 <.0001 <.0001 <.0001 0.6456 0.0091 0.9363 0.9363 0.5775 0.6073

36 0.0079 0.0287 0.1434 0.0002 0.0740 0.0328 0.0010 0.1683 0.0020 0.9624 0.0064 0.0064 0.0015 0.0017

37 0.0483 0.1346 0.4461 <.0001 0.0134 0.0049 <.0001 0.0384 0.0157 0.5094 0.0405 0.0405 0.0121 0.0136
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14

38 0.0135 0.0456 0.2033 <.0001 0.0482 0.0203 0.0005 0.1169 0.0037 0.8838 0.0109 0.0109 0.0027 0.0031

39 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

40 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

41 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

42 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

43 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

44 <.0001 <.0001 <.0001 0.8277 0.0595 0.1249 0.7462 0.0221 <.0001 0.0003 <.0001 <.0001 <.0001 <.0001

45 <.0001 <.0001 <.0001 0.4691 0.0052 0.0142 0.2071 0.0015 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

46 <.0001 <.0001 <.0001 0.3488 0.0028 0.0079 0.1408 0.0007 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

47 0.7949 0.8188 0.3331 <.0001 <.0001 <.0001 <.0001 0.0002 0.4742 0.0182 0.7367 0.7367 0.4164 0.4415

48 0.7783 0.8356 0.3439 <.0001 <.0001 <.0001 <.0001 0.0002 0.4610 0.0192 0.7205 0.7205 0.4042 0.4288

49 0.9168 0.5531 0.1839 <.0001 <.0001 <.0001 <.0001 <.0001 0.7249 0.0067 0.9775 0.9775 0.6533 0.6846

50 0.9338 0.5675 0.1909 <.0001 <.0001 <.0001 <.0001 <.0001 0.7089 0.0071 0.9946 0.9946 0.6379 0.6690

51 0.8282 0.7856 0.3122 <.0001 <.0001 <.0001 <.0001 0.0002 0.5011 0.0162 0.7693 0.7693 0.4414 0.4673

52 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

53 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

54 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

55 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

56 0.5799 0.2982 0.0766 <.0001 <.0001 <.0001 <.0001 <.0001 0.9224 0.0017 0.6331 0.6331 1.0000 0.9656

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1 0.7490 <.0001 <.0001 <.0001 <.0001 <.0001 0.7695 0.9350 0.0323 0.8825 0.9246 0.4980 0.5235 0.8205

2 0.3590 <.0001 <.0001 <.0001 0.0008 0.0001 0.3732 0.4966 0.1199 0.4557 0.4884 0.2032 0.2175 0.4096

3 0.0699 <.0001 <.0001 <.0001 0.0125 0.0027 0.0741 0.1144 0.5118 0.1002 0.1115 0.0307 0.0338 0.0852

4 <.0001 0.8949 0.5187 0.3432 <.0001 0.0006 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

5 <.0001 0.0073 0.0016 0.0006 0.1434 0.3481 <.0001 <.0001 0.0011 <.0001 <.0001 <.0001 <.0001 <.0001

6 <.0001 0.0237 0.0059 0.0024 0.0585 0.1702 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001

7 <.0001 0.4272 0.1923 0.1089 0.0009 0.0048 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

8 <.0001 0.0016 0.0003 <.0001 0.3378 0.6672 <.0001 <.0001 0.0053 <.0001 <.0001 <.0001 <.0001 <.0001

9 0.8110 <.0001 <.0001 <.0001 <.0001 <.0001 0.7903 0.6331 0.0074 0.6810 0.6424 0.9051 0.9367 0.7398

10 0.0005 <.0001 <.0001 <.0001 0.4291 0.1878 0.0006 0.0012 0.2786 0.0009 0.0011 0.0001 0.0002 0.0007

11 0.8208 <.0001 <.0001 <.0001 <.0001 <.0001 0.8418 0.9905 0.0257 0.9566 0.9991 0.5589 0.5859 0.8938

12 0.8208 <.0001 <.0001 <.0001 <.0001 <.0001 0.8418 0.9905 0.0257 0.9566 0.9991 0.5589 0.5859 0.8938

13 0.7201 <.0001 <.0001 <.0001 <.0001 <.0001 0.7001 0.5510 0.0053 0.5960 0.5597 1.0000 0.9683 0.6518
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 15 16 17 18 19 20 21 22 23 24 25 26 27 28

14 0.7600 <.0001 <.0001 <.0001 <.0001 <.0001 0.7396 0.5867 0.0061 0.6330 0.5957 0.9579 0.9896 0.6903

15  <.0001 <.0001 <.0001 <.0001 <.0001 0.9785 0.8116 0.0143 0.8633 0.8217 0.7201 0.7501 0.9259

16 <.0001 0.6075 0.4142 <.0001 0.0004 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

17 <.0001 0.6075  0.7613 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

18 <.0001 0.4142 0.7613  <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

19 <.0001 <.0001 <.0001 <.0001 0.5960 <.0001 <.0001 0.0624 <.0001 <.0001 <.0001 <.0001 <.0001

20 <.0001 0.0004 <.0001 <.0001 0.5960 <.0001 <.0001 0.0174 <.0001 <.0001 <.0001 <.0001 <.0001

21 0.9785 <.0001 <.0001 <.0001 <.0001 <.0001 0.8325 0.0154 0.8845 0.8426 0.7001 0.7298 0.9472

22 0.8116 <.0001 <.0001 <.0001 <.0001 <.0001 0.8325 0.0265 0.9472 0.9896 0.5510 0.5778 0.8844

23 0.0143 <.0001 <.0001 <.0001 0.0624 0.0174 0.0154 0.0265 0.0224 0.0256 0.0053 0.0059 0.0183

24 0.8633 <.0001 <.0001 <.0001 <.0001 <.0001 0.8845 0.9472 0.0224 0.9575 0.5960 0.6238 0.9369

25 0.8217 <.0001 <.0001 <.0001 <.0001 <.0001 0.8426 0.9896 0.0256 0.9575  0.5597 0.5867 0.8947

26 0.7201 <.0001 <.0001 <.0001 <.0001 <.0001 0.7001 0.5510 0.0053 0.5960 0.5597  0.9683 0.6518

27 0.7501 <.0001 <.0001 <.0001 <.0001 <.0001 0.7298 0.5778 0.0059 0.6238 0.5867 0.9683  0.6807

28 0.9259 <.0001 <.0001 <.0001 <.0001 <.0001 0.9472 0.8844 0.0183 0.9369 0.8947 0.6518 0.6807 

29 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

30 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

31 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

32 0.2055 <.0001 <.0001 <.0001 0.0236 0.0074 0.2134 0.2832 0.4498 0.2598 0.2785 0.1200 0.1279 0.2337

33 0.9939 <.0001 <.0001 <.0001 0.0005 0.0001 0.9886 0.8517 0.0454 0.8943 0.8600 0.7640 0.7889 0.9456

34 0.8413 <.0001 <.0001 <.0001 0.0010 0.0002 0.8585 0.9955 0.0698 0.9524 0.9870 0.6223 0.6454 0.9011

35 0.7912 <.0001 <.0001 <.0001 0.0013 0.0003 0.8081 0.9441 0.0801 0.9011 0.9356 0.5775 0.5998 0.8502

36 0.0037 0.0001 <.0001 <.0001 0.5492 0.3030 0.0039 0.0065 0.3511 0.0056 0.0063 0.0015 0.0016 0.0046

37 0.0259 <.0001 <.0001 <.0001 0.1930 0.0840 0.0273 0.0414 0.8207 0.0364 0.0404 0.0121 0.0132 0.0312

38 0.0065 <.0001 <.0001 <.0001 0.4286 0.2218 0.0069 0.0112 0.4593 0.0097 0.0109 0.0027 0.0030 0.0081

39 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

40 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

41 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

42 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

43 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

44 <.0001 0.7449 0.4568 0.3217 0.0024 0.0087 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

45 <.0001 0.5376 0.8436 0.9596 <.0001 0.0005 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

46 <.0001 0.4067 0.6809 0.8703 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

47 0.6024 <.0001 <.0001 <.0001 0.0029 0.0007 0.6177 0.7440 0.1340 0.7035 0.7360 0.4164 0.4352 0.6562

48 0.5875 <.0001 <.0001 <.0001 0.0031 0.0008 0.6027 0.7278 0.1396 0.6876 0.7198 0.4042 0.4227 0.6408

49 0.8754 <.0001 <.0001 <.0001 0.0009 0.0002 0.8927 0.9698 0.0635 0.9870 0.9783 0.6533 0.6768 0.9356

50 0.8586 <.0001 <.0001 <.0001 0.0010 0.0002 0.8758 0.9869 0.0665 0.9700 0.9953 0.6379 0.6613 0.9186

51 0.6326 <.0001 <.0001 <.0001 0.0025 0.0006 0.6483 0.7767 0.1234 0.7356 0.7686 0.4414 0.4608 0.6876
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 15 16 17 18 19 20 21 22 23 24 25 26 27 28

52 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

53 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

54 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

55 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

56 0.7699 <.0001 <.0001 <.0001 0.0002 <.0001 0.7531 0.6262 0.0219 0.6650 0.6338 1.0000 0.9741 0.7125

  
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 29 30 31 32 33 34 35 36 37 38 39 40 41 42

1 0.5799 0.5799 0.5799 0.3139 0.7998 0.9514 0.9972 0.0079 0.0483 0.0135 0.5799 0.5799 0.5799 0.5799

2 0.2982 0.2982 0.2982 0.6030 0.4582 0.5825 0.6275 0.0287 0.1346 0.0456 0.2982 0.2982 0.2982 0.2982

3 0.0766 0.0766 0.0766 0.8255 0.1399 0.1984 0.2216 0.1434 0.4461 0.2033 0.0766 0.0766 0.0766 0.0766

4 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

5 <.0001 <.0001 <.0001 0.0007 <.0001 <.0001 <.0001 0.0740 0.0134 0.0482 <.0001 <.0001 <.0001 <.0001

6 <.0001 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 0.0328 0.0049 0.0203 <.0001 <.0001 <.0001 <.0001

7 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0010 <.0001 0.0005 <.0001 <.0001 <.0001 <.0001

8 <.0001 <.0001 <.0001 0.0026 <.0001 <.0001 <.0001 0.1683 0.0384 0.1169 <.0001 <.0001 <.0001 <.0001

9 0.9224 0.9224 0.9224 0.1446 0.8392 0.6926 0.6456 0.0020 0.0157 0.0037 0.9224 0.9224 0.9224 0.9224

10 0.0017 0.0017 0.0017 0.1023 0.0043 0.0076 0.0091 0.9624 0.5094 0.8838 0.0017 0.0017 0.0017 0.0017

11 0.6331 0.6331 0.6331 0.2789 0.8593 0.9878 0.9363 0.0064 0.0405 0.0109 0.6331 0.6331 0.6331 0.6331

12 0.6331 0.6331 0.6331 0.2789 0.8593 0.9878 0.9363 0.0064 0.0405 0.0109 0.6331 0.6331 0.6331 0.6331

13 1.0000 1.0000 1.0000 0.1200 0.7640 0.6223 0.5775 0.0015 0.0121 0.0027 1.0000 1.0000 1.0000 1.0000

14 0.9656 0.9656 0.9656 0.1305 0.7971 0.6530 0.6073 0.0017 0.0136 0.0031 0.9656 0.9656 0.9656 0.9656

15 0.7699 0.7699 0.7699 0.2055 0.9939 0.8413 0.7912 0.0037 0.0259 0.0065 0.7699 0.7699 0.7699 0.7699

16 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

17 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

18 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

19 0.0002 0.0002 0.0002 0.0236 0.0005 0.0010 0.0013 0.5492 0.1930 0.4286 0.0002 0.0002 0.0002 0.0002

20 <.0001 <.0001 <.0001 0.0074 0.0001 0.0002 0.0003 0.3030 0.0840 0.2218 <.0001 <.0001 <.0001 <.0001

21 0.7531 0.7531 0.7531 0.2134 0.9886 0.8585 0.8081 0.0039 0.0273 0.0069 0.7531 0.7531 0.7531 0.7531

22 0.6262 0.6262 0.6262 0.2832 0.8517 0.9955 0.9441 0.0065 0.0414 0.0112 0.6262 0.6262 0.6262 0.6262

23 0.0219 0.0219 0.0219 0.4498 0.0454 0.0698 0.0801 0.3511 0.8207 0.4593 0.0219 0.0219 0.0219 0.0219

24 0.6650 0.6650 0.6650 0.2598 0.8943 0.9524 0.9011 0.0056 0.0364 0.0097 0.6650 0.6650 0.6650 0.6650

25 0.6338 0.6338 0.6338 0.2785 0.8600 0.9870 0.9356 0.0063 0.0404 0.0109 0.6338 0.6338 0.6338 0.6338

26 1.0000 1.0000 1.0000 0.1200 0.7640 0.6223 0.5775 0.0015 0.0121 0.0027 1.0000 1.0000 1.0000 1.0000

27 0.9741 0.9741 0.9741 0.1279 0.7889 0.6454 0.5998 0.0016 0.0132 0.0030 0.9741 0.9741 0.9741 0.9741
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 29 30 31 32 33 34 35 36 37 38 39 40 41 42

28 0.7125 0.7125 0.7125 0.2337 0.9456 0.9011 0.8502 0.0046 0.0312 0.0081 0.7125 0.7125 0.7125 0.7125

29  1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

30 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

31 1.0000 1.0000  0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

32 0.1776 0.1776 0.1776  0.2754 0.3549 0.3845 0.1450 0.3952 0.1964 0.1776 0.1776 0.1776 0.1776

33 0.7948 0.7948 0.7948 0.2754 0.8675 0.8238 0.0117 0.0538 0.0183 0.7948 0.7948 0.7948 0.7948

34 0.6696 0.6696 0.6696 0.3549 0.8675 0.9554 0.0182 0.0774 0.0279 0.6696 0.6696 0.6696 0.6696

35 0.6294 0.6294 0.6294 0.3845 0.8238 0.9554 0.0211 0.0871 0.0320 0.6294 0.6294 0.6294 0.6294

36 0.0056 0.0056 0.0056 0.1450 0.0117 0.0182 0.0211 0.5404 0.8670 0.0056 0.0056 0.0056 0.0056

37 0.0292 0.0292 0.0292 0.3952 0.0538 0.0774 0.0871 0.5404 0.6562 0.0292 0.0292 0.0292 0.0292

38 0.0091 0.0091 0.0091 0.1964 0.0183 0.0279 0.0320 0.8670 0.6562 0.0091 0.0091 0.0091 0.0091

39 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091  1.0000 1.0000 1.0000

40 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000  1.0000 1.0000

41 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000  1.0000

42 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 

43 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

44 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0017 0.0002 0.0010 <.0001 <.0001 <.0001 <.0001

45 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

46 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

47 0.4814 0.4814 0.4814 0.5167 0.6566 0.7810 0.8242 0.0364 0.1354 0.0537 0.4814 0.4814 0.4814 0.4814

48 0.4699 0.4699 0.4699 0.5288 0.6432 0.7668 0.8098 0.0381 0.1403 0.0560 0.4699 0.4699 0.4699 0.4699

49 0.6972 0.6972 0.6972 0.3357 0.8972 0.9700 0.9255 0.0165 0.0714 0.0254 0.6972 0.6972 0.6972 0.6972

50 0.6836 0.6836 0.6836 0.3451 0.8826 0.9847 0.9402 0.0174 0.0743 0.0266 0.6836 0.6836 0.6836 0.6836

51 0.5048 0.5048 0.5048 0.4930 0.6837 0.8098 0.8533 0.0333 0.1261 0.0494 0.5048 0.5048 0.5048 0.5048

52 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

53 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

54 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

55 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

56 1.0000 1.0000 1.0000 0.1776 0.7948 0.6696 0.6294 0.0056 0.0292 0.0091 1.0000 1.0000 1.0000 1.0000

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 43 44 45 46 47 48 49 50 51 52 53 54 55 56

1 0.5799 <.0001 <.0001 <.0001 0.7949 0.7783 0.9168 0.9338 0.8282 0.5799 0.5799 0.5799 0.5799 0.5799

2 0.2982 <.0001 <.0001 <.0001 0.8188 0.8356 0.5531 0.5675 0.7856 0.2982 0.2982 0.2982 0.2982 0.2982

3 0.0766 <.0001 <.0001 <.0001 0.3331 0.3439 0.1839 0.1909 0.3122 0.0766 0.0766 0.0766 0.0766 0.0766
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 43 44 45 46 47 48 49 50 51 52 53 54 55 56

4 <.0001 0.8277 0.4691 0.3488 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

5 <.0001 0.0595 0.0052 0.0028 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

6 <.0001 0.1249 0.0142 0.0079 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

7 <.0001 0.7462 0.2071 0.1408 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

8 <.0001 0.0221 0.0015 0.0007 0.0002 0.0002 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001

9 0.9224 <.0001 <.0001 <.0001 0.4742 0.4610 0.7249 0.7089 0.5011 0.9224 0.9224 0.9224 0.9224 0.9224

10 0.0017 0.0003 <.0001 <.0001 0.0182 0.0192 0.0067 0.0071 0.0162 0.0017 0.0017 0.0017 0.0017 0.0017

11 0.6331 <.0001 <.0001 <.0001 0.7367 0.7205 0.9775 0.9946 0.7693 0.6331 0.6331 0.6331 0.6331 0.6331

12 0.6331 <.0001 <.0001 <.0001 0.7367 0.7205 0.9775 0.9946 0.7693 0.6331 0.6331 0.6331 0.6331 0.6331

13 1.0000 <.0001 <.0001 <.0001 0.4164 0.4042 0.6533 0.6379 0.4414 1.0000 1.0000 1.0000 1.0000 1.0000

14 0.9656 <.0001 <.0001 <.0001 0.4415 0.4288 0.6846 0.6690 0.4673 0.9656 0.9656 0.9656 0.9656 0.9656

15 0.7699 <.0001 <.0001 <.0001 0.6024 0.5875 0.8754 0.8586 0.6326 0.7699 0.7699 0.7699 0.7699 0.7699

16 <.0001 0.7449 0.5376 0.4067 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

17 <.0001 0.4568 0.8436 0.6809 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

18 <.0001 0.3217 0.9596 0.8703 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

19 0.0002 0.0024 <.0001 <.0001 0.0029 0.0031 0.0009 0.0010 0.0025 0.0002 0.0002 0.0002 0.0002 0.0002

20 <.0001 0.0087 0.0005 0.0002 0.0007 0.0008 0.0002 0.0002 0.0006 <.0001 <.0001 <.0001 <.0001 <.0001

21 0.7531 <.0001 <.0001 <.0001 0.6177 0.6027 0.8927 0.8758 0.6483 0.7531 0.7531 0.7531 0.7531 0.7531

22 0.6262 <.0001 <.0001 <.0001 0.7440 0.7278 0.9698 0.9869 0.7767 0.6262 0.6262 0.6262 0.6262 0.6262

23 0.0219 <.0001 <.0001 <.0001 0.1340 0.1396 0.0635 0.0665 0.1234 0.0219 0.0219 0.0219 0.0219 0.0219

24 0.6650 <.0001 <.0001 <.0001 0.7035 0.6876 0.9870 0.9700 0.7356 0.6650 0.6650 0.6650 0.6650 0.6650

25 0.6338 <.0001 <.0001 <.0001 0.7360 0.7198 0.9783 0.9953 0.7686 0.6338 0.6338 0.6338 0.6338 0.6338

26 1.0000 <.0001 <.0001 <.0001 0.4164 0.4042 0.6533 0.6379 0.4414 1.0000 1.0000 1.0000 1.0000 1.0000

27 0.9741 <.0001 <.0001 <.0001 0.4352 0.4227 0.6768 0.6613 0.4608 0.9741 0.9741 0.9741 0.9741 0.9741

28 0.7125 <.0001 <.0001 <.0001 0.6562 0.6408 0.9356 0.9186 0.6876 0.7125 0.7125 0.7125 0.7125 0.7125

29 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000

30 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000

31 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000

32 0.1776 <.0001 <.0001 <.0001 0.5167 0.5288 0.3357 0.3451 0.4930 0.1776 0.1776 0.1776 0.1776 0.1776

33 0.7948 <.0001 <.0001 <.0001 0.6566 0.6432 0.8972 0.8826 0.6837 0.7948 0.7948 0.7948 0.7948 0.7948

34 0.6696 <.0001 <.0001 <.0001 0.7810 0.7668 0.9700 0.9847 0.8098 0.6696 0.6696 0.6696 0.6696 0.6696

35 0.6294 <.0001 <.0001 <.0001 0.8242 0.8098 0.9255 0.9402 0.8533 0.6294 0.6294 0.6294 0.6294 0.6294

36 0.0056 0.0017 0.0001 <.0001 0.0364 0.0381 0.0165 0.0174 0.0333 0.0056 0.0056 0.0056 0.0056 0.0056

37 0.0292 0.0002 <.0001 <.0001 0.1354 0.1403 0.0714 0.0743 0.1261 0.0292 0.0292 0.0292 0.0292 0.0292

38 0.0091 0.0010 <.0001 <.0001 0.0537 0.0560 0.0254 0.0266 0.0494 0.0091 0.0091 0.0091 0.0091 0.0091

39 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000

40 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000

41 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 43 44 45 46 47 48 49 50 51 52 53 54 55 56

42 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000

43  <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 1.0000

44 <.0001 0.4151 0.3177 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

45 <.0001 0.4151  0.8530 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

46 <.0001 0.3177 0.8530  <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

47 0.4814 <.0001 <.0001 <.0001 0.9851 0.7523 0.7664 0.9703 0.4814 0.4814 0.4814 0.4814 0.4814

48 0.4699 <.0001 <.0001 <.0001 0.9851 0.7382 0.7522 0.9554 0.4699 0.4699 0.4699 0.4699 0.4699

49 0.6972 <.0001 <.0001 <.0001 0.7523 0.7382 0.9852 0.7807 0.6972 0.6972 0.6972 0.6972 0.6972

50 0.6836 <.0001 <.0001 <.0001 0.7664 0.7522 0.9852 0.7950 0.6836 0.6836 0.6836 0.6836 0.6836

51 0.5048 <.0001 <.0001 <.0001 0.9703 0.9554 0.7807 0.7950 0.5048 0.5048 0.5048 0.5048 0.5048

52 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000

53 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000  1.0000 1.0000 1.0000

54 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000  1.0000 1.0000

55 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000  1.0000

56 1.0000 <.0001 <.0001 <.0001 0.4814 0.4699 0.6972 0.6836 0.5048 1.0000 1.0000 1.0000 1.0000 
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Appendix E 
 

Least squares means of percentages of resistant isolates for warm season Enterococcus 
 

The GLM Procedure 
Least Squares Means 

Season=warm Bacteria=Enterococcus 
 
Table 1. Least squares means and the index numbers of percentages of resistant isolates at different antibiotic 
concentrations for Enterococcus in warm season 
 

Age Trt Pc LSMEAN
LSMEAN 

Number

Finishing AMX2.5 7.0991993 1

Finishing CEP10 72.0359639 2

Finishing CEP15 69.2802251 3

Finishing CEP30 50.3705567 4

Finishing CEP50 38.5383930 5

Finishing CTC100 64.1666040 6

Finishing CTC60 91.2720524 7

Finishing CTC80 76.0262323 8

Finishing ERY10 75.3163201 9

Finishing ERY15 70.4520667 10

Finishing ERY30 54.9459106 11

Finishing ERY50 49.2557104 12

Finishing NEO40 37.7440760 13

Finishing NEO60 30.0517683 14

Finishing NEO80 23.4081568 15

Finishing OTC100 12.5593636 16

Finishing OTC20 74.3286414 17

Finishing OTC40 44.5496720 18

Finishing OTC60 36.1625856 19

Finishing OTC80 30.1927836 20

Finishing STR100 27.0648615 21

Finishing STR40 44.9990285 22

Finishing STR60 38.2076867 23

Finishing STR80 28.9879385 24

Finishing TET10 74.7406861 25

Finishing TET100 7.2799332 26

Finishing TET15 66.5995055 27

Finishing TET30 45.5827512 28

Finishing TET50 30.1661983 29
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Age Trt Pc LSMEAN
LSMEAN 

Number

Finishing VAN2.5 2.6178557 30

Nursery AMX2.5 31.7465462 31

Nursery CEP10 77.7731281 32

Nursery CEP15 65.6224283 33

Nursery CEP30 39.9758097 34

Nursery CEP50 24.0754214 35

Nursery CTC100 69.7823332 36

Nursery CTC60 86.1340706 37

Nursery CTC80 75.1833415 38

Nursery ERY10 83.8416328 39

Nursery ERY15 75.5418346 40

Nursery ERY30 71.7278413 41

Nursery ERY50 63.7217907 42

Nursery NEO40 72.9368835 43

Nursery NEO60 61.6670161 44

Nursery NEO80 49.8475041 45

Nursery OTC100 30.7149955 46

Nursery OTC20 75.4494648 47

Nursery OTC40 60.8108145 48

Nursery OTC60 46.0324320 49

Nursery OTC80 33.5668180 50

Nursery STR100 64.6183652 51

Nursery STR40 74.4028864 52

Nursery STR60 69.9810824 53

Nursery STR80 66.7195753 54

Nursery TET10 81.0899598 55

Nursery TET100 7.5360575 56

Nursery TET15 76.5798279 57

Nursery TET30 56.7050793 58

Nursery TET50 38.1308918 59

Nursery VAN2.5 2.6402640 60
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Table 2. P-values of comparisons of different antibiotic concentrations for Enterococcus in warm season 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1  <.0001 <.0001 0.0004 0.0093 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0006 0.0112 0.0563 0.1737 

2 <.0001  0.8176 0.0714 0.0057 0.5105 0.1091 0.7385 0.7837 0.8946 0.1542 0.0582 0.0047 0.0006 <.0001 

3 <.0001 0.8176  0.1151 0.0110 0.6688 0.0673 0.5726 0.6137 0.9219 0.2315 0.0954 0.0091 0.0013 0.0002 

4 0.0004 0.0714 0.1151  0.3230 0.2494 0.0008 0.0332 0.0383 0.0945 0.7019 0.9257 0.2916 0.0907 0.0253 

5 0.0093 0.0057 0.0110 0.3230  0.0334 <.0001 0.0020 0.0025 0.0083 0.1712 0.3705 0.9470 0.4780 0.2067 

6 <.0001 0.5105 0.6688 0.2494 0.0334  0.0246 0.3218 0.3516 0.5991 0.4408 0.2134 0.0283 0.0049 0.0008 

7 <.0001 0.1091 0.0673 0.0008 <.0001 0.0246  0.2033 0.1832 0.0831 0.0028 0.0006 <.0001 <.0001 <.0001 

8 <.0001 0.7385 0.5726 0.0332 0.0020 0.3218 0.2033  0.9526 0.6410 0.0793 0.0264 0.0016 0.0002 <.0001 

9 <.0001 0.7837 0.6137 0.0383 0.0025 0.3516 0.1832 0.9526  0.6841 0.0899 0.0305 0.0020 0.0002 <.0001 

10 <.0001 0.8946 0.9219 0.0945 0.0083 0.5991 0.0831 0.6410 0.6841  0.1958 0.0777 0.0069 0.0009 0.0001 

11 <.0001 0.1542 0.2315 0.7019 0.1712 0.4408 0.0028 0.0793 0.0899 0.1958  0.6341 0.1515 0.0387 0.0091 

12 0.0006 0.0582 0.0954 0.9257 0.3705 0.2134 0.0006 0.0264 0.0305 0.0777 0.6341  0.3362 0.1096 0.0319 

13 0.0112 0.0047 0.0091 0.2916 0.9470 0.0283 <.0001 0.0016 0.0020 0.0069 0.1515 0.3362  0.5201 0.2315 

14 0.0563 0.0006 0.0013 0.0907 0.4780 0.0049 <.0001 0.0002 0.0002 0.0009 0.0387 0.1096 0.5201  0.5785 

15 0.1737 <.0001 0.0002 0.0253 0.2067 0.0008 <.0001 <.0001 <.0001 0.0001 0.0091 0.0319 0.2315 0.5785  

16 0.6479 <.0001 <.0001 0.0019 0.0311 <.0001 <.0001 <.0001 <.0001 <.0001 0.0005 0.0025 0.0365 0.1447 0.3647 

17 <.0001 0.8479 0.6728 0.0465 0.0032 0.3957 0.1577 0.8870 0.9341 0.7457 0.1064 0.0373 0.0026 0.0003 <.0001 

18 0.0021 0.0226 0.0399 0.6263 0.6151 0.1023 0.0001 0.0092 0.0109 0.0315 0.3850 0.6938 0.5693 0.2263 0.0785 

19 0.0161 0.0031 0.0062 0.2356 0.8424 0.0203 <.0001 0.0011 0.0013 0.0047 0.1176 0.2743 0.8947 0.6093 0.2868 

20 0.0548 0.0006 0.0013 0.0929 0.4853 0.0050 <.0001 0.0002 0.0002 0.0009 0.0398 0.1122 0.5278 0.9906 0.5704 

21 0.0964 0.0002 0.0005 0.0527 0.3378 0.0023 <.0001 <.0001 <.0001 0.0004 0.0208 0.0649 0.3722 0.8027 0.7597 

22 0.0018 0.0249 0.0436 0.6532 0.5890 0.1103 0.0002 0.0103 0.0121 0.0346 0.4058 0.7218 0.5441 0.2123 0.0724 

23 0.0101 0.0052 0.0102 0.3097 0.9779 0.0312 <.0001 0.0019 0.0022 0.0077 0.1627 0.3560 0.9691 0.4953 0.2168 

24 0.0686 0.0004 0.0009 0.0752 0.4247 0.0037 <.0001 0.0001 0.0002 0.0007 0.0312 0.0915 0.4642 0.9291 0.6407 

25 <.0001 0.8210 0.6479 0.0429 0.0029 0.3769 0.1680 0.9143 0.9616 0.7198 0.0992 0.0343 0.0023 0.0003 <.0001 

26 0.9879 <.0001 <.0001 0.0004 0.0097 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 0.0006 0.0117 0.0583 0.1785 

27 <.0001 0.6493 0.8225 0.1758 0.0200 0.8387 0.0404 0.4307 0.4662 0.7472 0.3303 0.1482 0.0168 0.0026 0.0004 

28 0.0016 0.0282 0.0489 0.6888 0.5558 0.1215 0.0002 0.0118 0.0138 0.0389 0.4338 0.7586 0.5122 0.1950 0.0651 

29 0.0551 0.0006 0.0013 0.0925 0.4839 0.0050 <.0001 0.0002 0.0002 0.0009 0.0396 0.1118 0.5263 0.9924 0.5720 

30 0.7077 <.0001 <.0001 <.0001 0.0031 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 0.0038 0.0229 0.0835 

31 0.0578 0.0021 0.0042 0.1505 0.5990 0.0130 <.0001 0.0008 0.0009 0.0031 0.0739 0.1763 0.6423 0.8955 0.5186 

32 <.0001 0.6568 0.5109 0.0352 0.0028 0.2928 0.2966 0.8924 0.8491 0.5708 0.0786 0.0285 0.0023 0.0003 <.0001 

33 <.0001 0.6194 0.7769 0.2385 0.0373 0.9102 0.0484 0.4208 0.4531 0.7084 0.4087 0.2061 0.0321 0.0065 0.0013 

34 0.0118 0.0140 0.0244 0.4212 0.9113 0.0625 0.0001 0.0058 0.0069 0.0194 0.2473 0.4726 0.8627 0.4425 0.2006 

35 0.1898 0.0003 0.0006 0.0431 0.2636 0.0022 <.0001 <.0001 0.0001 0.0004 0.0179 0.0526 0.2906 0.6435 0.9588 

36 <.0001 0.8614 0.9690 0.1341 0.0166 0.6636 0.0975 0.6287 0.6682 0.9586 0.2515 0.1134 0.0140 0.0025 0.0004 

37 <.0001 0.2757 0.1930 0.0062 0.0003 0.0904 0.6907 0.4341 0.4026 0.2256 0.0167 0.0048 0.0003 <.0001 <.0001 

38 <.0001 0.8074 0.6476 0.0561 0.0051 0.3940 0.2138 0.9479 0.9918 0.7140 0.1185 0.0461 0.0042 0.0006 <.0001 

39 <.0001 0.3611 0.2603 0.0104 0.0006 0.1290 0.5651 0.5451 0.5093 0.3005 0.0265 0.0081 0.0005 <.0001 <.0001 

40 <.0001 0.7860 0.6278 0.0527 0.0047 0.3788 0.2242 0.9701 0.9861 0.6934 0.1122 0.0432 0.0039 0.0006 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

41 <.0001 0.9810 0.8496 0.0996 0.0110 0.5583 0.1315 0.7392 0.7810 0.9213 0.1949 0.0833 0.0093 0.0015 0.0003 

42 <.0001 0.5198 0.6669 0.3019 0.0526 0.9725 0.0342 0.3412 0.3697 0.6023 0.4969 0.2635 0.0457 0.0099 0.0021 

43 <.0001 0.9444 0.7770 0.0820 0.0085 0.4972 0.1569 0.8109 0.8538 0.8474 0.1648 0.0681 0.0071 0.0011 0.0002 

44 <.0001 0.4223 0.5556 0.3821 0.0748 0.8465 0.0230 0.2670 0.2913 0.4965 0.6028 0.3371 0.0654 0.0153 0.0035 

45 0.0011 0.0872 0.1337 0.9677 0.3816 0.2683 0.0016 0.0440 0.0500 0.1120 0.6929 0.9634 0.3492 0.1267 0.0420 

46 0.0689 0.0017 0.0033 0.1294 0.5447 0.0104 <.0001 0.0006 0.0007 0.0024 0.0621 0.1524 0.5863 0.9590 0.5716 

47 <.0001 0.7915 0.6328 0.0536 0.0048 0.3827 0.2215 0.9644 0.9918 0.6987 0.1138 0.0439 0.0040 0.0006 <.0001 

48 <.0001 0.3851 0.5121 0.4192 0.0860 0.7949 0.0194 0.2396 0.2622 0.4556 0.6497 0.3714 0.0755 0.0183 0.0043 

49 0.0030 0.0454 0.0733 0.7369 0.5618 0.1615 0.0006 0.0213 0.0245 0.0601 0.4902 0.8028 0.5211 0.2169 0.0812 

50 0.0418 0.0033 0.0063 0.1943 0.7002 0.0189 <.0001 0.0012 0.0015 0.0048 0.0993 0.2254 0.7463 0.7854 0.4318 

51 <.0001 0.5658 0.7180 0.2707 0.0448 0.9721 0.0404 0.3775 0.4078 0.6514 0.4541 0.2351 0.0388 0.0082 0.0017 

52 <.0001 0.8545 0.6916 0.0642 0.0061 0.4283 0.1926 0.8999 0.9436 0.7596 0.1332 0.0529 0.0051 0.0008 0.0001 

53 <.0001 0.8735 0.9567 0.1302 0.0159 0.6525 0.1006 0.6397 0.6795 0.9709 0.2452 0.1099 0.0135 0.0023 0.0004 

54 <.0001 0.6805 0.8428 0.2066 0.0303 0.8432 0.0587 0.4713 0.5057 0.7725 0.3624 0.1774 0.0260 0.0051 0.0010 

55 <.0001 0.4834 0.3609 0.0184 0.0012 0.1912 0.4307 0.6949 0.6548 0.4104 0.0443 0.0147 0.0010 0.0001 <.0001 

56 0.9730 <.0001 <.0001 0.0011 0.0174 <.0001 <.0001 <.0001 <.0001 <.0001 0.0003 0.0015 0.0204 0.0827 0.2200 

57 <.0001 0.7249 0.5719 0.0438 0.0037 0.3370 0.2561 0.9658 0.9220 0.6351 0.0953 0.0357 0.0030 0.0004 <.0001 

58 0.0002 0.2361 0.3308 0.6238 0.1607 0.5635 0.0082 0.1359 0.1508 0.2878 0.8916 0.5641 0.1433 0.0404 0.0108 

59 0.0173 0.0094 0.0169 0.3438 0.9748 0.0452 <.0001 0.0038 0.0045 0.0132 0.1940 0.3894 0.9761 0.5317 0.2551 

60 0.7298 <.0001 <.0001 0.0003 0.0061 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0004 0.0072 0.0351 0.1092 

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 0.6479 <.0001 0.0021 0.0161 0.0548 0.0964 0.0018 0.0101 0.0686 <.0001 0.9879 <.0001 0.0016 0.0551 0.7077 

2 <.0001 0.8479 0.0226 0.0031 0.0006 0.0002 0.0249 0.0052 0.0004 0.8210 <.0001 0.6493 0.0282 0.0006 <.0001 

3 <.0001 0.6728 0.0399 0.0062 0.0013 0.0005 0.0436 0.0102 0.0009 0.6479 <.0001 0.8225 0.0489 0.0013 <.0001 

4 0.0019 0.0465 0.6263 0.2356 0.0929 0.0527 0.6532 0.3097 0.0752 0.0429 0.0004 0.1758 0.6888 0.0925 <.0001 

5 0.0311 0.0032 0.6151 0.8424 0.4853 0.3378 0.5890 0.9779 0.4247 0.0029 0.0097 0.0200 0.5558 0.4839 0.0031 

6 <.0001 0.3957 0.1023 0.0203 0.0050 0.0023 0.1103 0.0312 0.0037 0.3769 <.0001 0.8387 0.1215 0.0050 <.0001 

7 <.0001 0.1577 0.0001 <.0001 <.0001 <.0001 0.0002 <.0001 <.0001 0.1680 <.0001 0.0404 0.0002 <.0001 <.0001 

8 <.0001 0.8870 0.0092 0.0011 0.0002 <.0001 0.0103 0.0019 0.0001 0.9143 <.0001 0.4307 0.0118 0.0002 <.0001 

9 <.0001 0.9341 0.0109 0.0013 0.0002 <.0001 0.0121 0.0022 0.0002 0.9616 <.0001 0.4662 0.0138 0.0002 <.0001 

10 <.0001 0.7457 0.0315 0.0047 0.0009 0.0004 0.0346 0.0077 0.0007 0.7198 <.0001 0.7472 0.0389 0.0009 <.0001 

11 0.0005 0.1064 0.3850 0.1176 0.0398 0.0208 0.4058 0.1627 0.0312 0.0992 0.0001 0.3303 0.4338 0.0396 <.0001 

12 0.0025 0.0373 0.6938 0.2743 0.1122 0.0649 0.7218 0.3560 0.0915 0.0343 0.0006 0.1482 0.7586 0.1118 0.0001 

13 0.0365 0.0026 0.5693 0.8947 0.5278 0.3722 0.5441 0.9691 0.4642 0.0023 0.0117 0.0168 0.5122 0.5263 0.0038 

14 0.1447 0.0003 0.2263 0.6093 0.9906 0.8027 0.2123 0.4953 0.9291 0.0003 0.0583 0.0026 0.1950 0.9924 0.0229 

15 0.3647 <.0001 0.0785 0.2868 0.5704 0.7597 0.0724 0.2168 0.6407 <.0001 0.1785 0.0004 0.0651 0.5720 0.0835 

16  <.0001 0.0082 0.0498 0.1416 0.2260 0.0073 0.0332 0.1706 <.0001 0.6588 <.0001 0.0064 0.1422 0.4060 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

17 <.0001  0.0137 0.0017 0.0003 0.0001 0.0151 0.0029 0.0002 0.9725 <.0001 0.5181 0.0172 0.0003 <.0001 

18 0.0082 0.0137  0.4832 0.2308 0.1449 0.9700 0.5958 0.1942 0.0125 0.0022 0.0666 0.9311 0.2299 0.0006 

19 0.0498 0.0017 0.4832  0.6176 0.4470 0.4601 0.8641 0.5485 0.0015 0.0167 0.0118 0.4310 0.6160 0.0056 

20 0.1416 0.0003 0.2308 0.6176  0.7935 0.2166 0.5028 0.9197 0.0003 0.0567 0.0027 0.1991 0.9982 0.0222 

21 0.2260 0.0001 0.1449 0.4470 0.7935  0.1349 0.3519 0.8722 0.0001 0.0994 0.0012 0.1228 0.7953 0.0422 

22 0.0073 0.0151 0.9700 0.4601 0.2166 0.1349  0.5701 0.1817 0.0138 0.0019 0.0723 0.9610 0.2158 0.0005 

23 0.0332 0.0029 0.5958 0.8641 0.5028 0.3519 0.5701  0.4409 0.0026 0.0105 0.0186 0.5374 0.5014 0.0033 

24 0.1706 0.0002 0.1942 0.5485 0.9197 0.8722 0.1817 0.4409  0.0002 0.0709 0.0020 0.1664 0.9215 0.0286 

25 <.0001 0.9725 0.0125 0.0015 0.0003 0.0001 0.0138 0.0026 0.0002  <.0001 0.4961 0.0157 0.0003 <.0001 

26 0.6588 <.0001 0.0022 0.0167 0.0567 0.0994 0.0019 0.0105 0.0709 <.0001  <.0001 0.0016 0.0570 0.6965 

27 <.0001 0.5181 0.0666 0.0118 0.0027 0.0012 0.0723 0.0186 0.0020 0.4961 <.0001  0.0802 0.0027 <.0001 

28 0.0064 0.0172 0.9311 0.4310 0.1991 0.1228 0.9610 0.5374 0.1664 0.0157 0.0016 0.0802  0.1983 0.0004 

29 0.1422 0.0003 0.2299 0.6160 0.9982 0.7953 0.2158 0.5014 0.9215 0.0003 0.0570 0.0027 0.1983  0.0223 

30 0.4060 <.0001 0.0006 0.0056 0.0222 0.0422 0.0005 0.0033 0.0286 <.0001 0.6965 <.0001 0.0004 0.0223  

31 0.1387 0.0012 0.3221 0.7323 0.9042 0.7169 0.3055 0.6168 0.8308 0.0011 0.0596 0.0077 0.2847 0.9026 0.0253 

32 <.0001 0.7896 0.0109 0.0015 0.0003 0.0001 0.0120 0.0026 0.0002 0.8143 <.0001 0.3873 0.0136 0.0003 <.0001 

33 <.0001 0.5004 0.1042 0.0237 0.0067 0.0033 0.1117 0.0351 0.0051 0.4803 <.0001 0.9397 0.1221 0.0067 <.0001 

34 0.0351 0.0085 0.7231 0.7677 0.4490 0.3180 0.6972 0.8911 0.3952 0.0078 0.0122 0.0406 0.6641 0.4477 0.0043 

35 0.3730 0.0001 0.1143 0.3498 0.6357 0.8169 0.1066 0.2746 0.7036 0.0001 0.1945 0.0012 0.0973 0.6372 0.0980 

36 <.0001 0.7247 0.0521 0.0100 0.0025 0.0012 0.0564 0.0155 0.0019 0.7010 <.0001 0.8053 0.0624 0.0025 <.0001 

37 <.0001 0.3611 0.0015 0.0002 <.0001 <.0001 0.0017 0.0003 <.0001 0.3781 <.0001 0.1317 0.0020 <.0001 <.0001 

38 <.0001 0.9472 0.0187 0.0029 0.0006 0.0003 0.0205 0.0047 0.0005 0.9726 <.0001 0.5064 0.0230 0.0006 <.0001 

39 <.0001 0.4616 0.0027 0.0003 <.0001 <.0001 0.0030 0.0005 <.0001 0.4812 <.0001 0.1830 0.0035 <.0001 <.0001 

40 <.0001 0.9251 0.0174 0.0027 0.0006 0.0002 0.0191 0.0043 0.0004 0.9505 <.0001 0.4888 0.0215 0.0006 <.0001 

41 <.0001 0.8403 0.0367 0.0065 0.0016 0.0007 0.0398 0.0103 0.0012 0.8155 <.0001 0.6912 0.0443 0.0016 <.0001 

42 0.0001 0.4118 0.1390 0.0341 0.0102 0.0051 0.1484 0.0496 0.0079 0.3939 <.0001 0.8236 0.1614 0.0102 <.0001 

43 <.0001 0.9141 0.0292 0.0050 0.0011 0.0005 0.0318 0.0079 0.0008 0.8889 <.0001 0.6236 0.0355 0.0011 <.0001 

44 0.0002 0.3274 0.1861 0.0497 0.0158 0.0081 0.1979 0.0707 0.0123 0.3120 <.0001 0.7024 0.2140 0.0157 <.0001 

45 0.0044 0.0594 0.6816 0.2900 0.1294 0.0792 0.7073 0.3679 0.1077 0.0553 0.0012 0.1957 0.7412 0.1289 0.0003 

46 0.1610 0.0009 0.2848 0.6731 0.9677 0.7774 0.2695 0.5618 0.8936 0.0008 0.0710 0.0061 0.2505 0.9661 0.0308 

47 <.0001 0.9308 0.0178 0.0027 0.0006 0.0003 0.0195 0.0044 0.0004 0.9562 <.0001 0.4933 0.0219 0.0006 <.0001 

48 0.0003 0.2959 0.2090 0.0577 0.0188 0.0098 0.2218 0.0815 0.0147 0.2815 <.0001 0.6539 0.2392 0.0187 <.0001 

49 0.0104 0.0297 0.9086 0.4450 0.2210 0.1432 0.9362 0.5447 0.1880 0.0274 0.0031 0.1126 0.9722 0.2202 0.0010 

50 0.1052 0.0019 0.3954 0.8406 0.7938 0.6146 0.3765 0.7193 0.7229 0.0017 0.0432 0.0114 0.3526 0.7922 0.0176 

51 <.0001 0.4523 0.1216 0.0288 0.0084 0.0041 0.1301 0.0422 0.0064 0.4334 <.0001 0.8780 0.1418 0.0084 <.0001 

52 <.0001 0.9954 0.0219 0.0035 0.0008 0.0003 0.0240 0.0057 0.0006 0.9791 <.0001 0.5457 0.0268 0.0008 <.0001 

53 <.0001 0.7363 0.0503 0.0096 0.0024 0.0011 0.0545 0.0148 0.0018 0.7124 <.0001 0.7934 0.0603 0.0024 <.0001 

54 <.0001 0.5558 0.0875 0.0190 0.0052 0.0025 0.0940 0.0285 0.0040 0.5346 <.0001 0.9926 0.1031 0.0052 <.0001 

55 <.0001 0.6006 0.0052 0.0006 0.0001 <.0001 0.0058 0.0011 <.0001 0.6230 <.0001 0.2627 0.0066 0.0001 <.0001 

56 0.6972 <.0001 0.0047 0.0279 0.0808 0.1318 0.0042 0.0186 0.0981 <.0001 0.9842 <.0001 0.0037 0.0812 0.7033 

57 <.0001 0.8616 0.0141 0.0021 0.0004 0.0002 0.0154 0.0034 0.0003 0.8867 <.0001 0.4399 0.0174 0.0004 <.0001 

58 0.0008 0.1735 0.3471 0.1131 0.0414 0.0229 0.3652 0.1533 0.0331 0.1638 0.0002 0.4438 0.3895 0.0412 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

59 0.0491 0.0057 0.6192 0.8788 0.5388 0.3919 0.5949 0.9953 0.4791 0.0051 0.0179 0.0287 0.5640 0.5375 0.0066 

60 0.4427 <.0001 0.0014 0.0102 0.0342 0.0600 0.0013 0.0065 0.0427 <.0001 0.7193 <.0001 0.0011 0.0344 0.9986 

 
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

1 0.0578 <.0001 <.0001 0.0118 0.1898 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0011 

2 0.0021 0.6568 0.6194 0.0140 0.0003 0.8614 0.2757 0.8074 0.3611 0.7860 0.9810 0.5198 0.9444 0.4223 0.0872 

3 0.0042 0.5109 0.7769 0.0244 0.0006 0.9690 0.1930 0.6476 0.2603 0.6278 0.8496 0.6669 0.7770 0.5556 0.1337 

4 0.1505 0.0352 0.2385 0.4212 0.0431 0.1341 0.0062 0.0561 0.0104 0.0527 0.0996 0.3019 0.0820 0.3821 0.9677 

5 0.5990 0.0028 0.0373 0.9113 0.2636 0.0166 0.0003 0.0051 0.0006 0.0047 0.0110 0.0526 0.0085 0.0748 0.3816 

6 0.0130 0.2928 0.9102 0.0625 0.0022 0.6636 0.0904 0.3940 0.1290 0.3788 0.5583 0.9725 0.4972 0.8465 0.2683 

7 <.0001 0.2966 0.0484 0.0001 <.0001 0.0975 0.6907 0.2138 0.5651 0.2242 0.1315 0.0342 0.1569 0.0230 0.0016 

8 0.0008 0.8924 0.4208 0.0058 <.0001 0.6287 0.4341 0.9479 0.5451 0.9701 0.7392 0.3412 0.8109 0.2670 0.0440 

9 0.0009 0.8491 0.4531 0.0069 0.0001 0.6682 0.4026 0.9918 0.5093 0.9861 0.7810 0.3697 0.8538 0.2913 0.0500 

10 0.0031 0.5708 0.7084 0.0194 0.0004 0.9586 0.2256 0.7140 0.3005 0.6934 0.9213 0.6023 0.8474 0.4965 0.1120 

11 0.0739 0.0786 0.4087 0.2473 0.0179 0.2515 0.0167 0.1185 0.0265 0.1122 0.1949 0.4969 0.1648 0.6028 0.6929 

12 0.1763 0.0285 0.2061 0.4726 0.0526 0.1134 0.0048 0.0461 0.0081 0.0432 0.0833 0.2635 0.0681 0.3371 0.9634 

13 0.6423 0.0023 0.0321 0.8627 0.2906 0.0140 0.0003 0.0042 0.0005 0.0039 0.0093 0.0457 0.0071 0.0654 0.3492 

14 0.8955 0.0003 0.0065 0.4425 0.6435 0.0025 <.0001 0.0006 <.0001 0.0006 0.0015 0.0099 0.0011 0.0153 0.1267 

15 0.5186 <.0001 0.0013 0.2006 0.9588 0.0004 <.0001 <.0001 <.0001 <.0001 0.0003 0.0021 0.0002 0.0035 0.0420 

16 0.1387 <.0001 <.0001 0.0351 0.3730 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 <.0001 0.0002 0.0044 

17 0.0012 0.7896 0.5004 0.0085 0.0001 0.7247 0.3611 0.9472 0.4616 0.9251 0.8403 0.4118 0.9141 0.3274 0.0594 

18 0.3221 0.0109 0.1042 0.7231 0.1143 0.0521 0.0015 0.0187 0.0027 0.0174 0.0367 0.1390 0.0292 0.1861 0.6816 

19 0.7323 0.0015 0.0237 0.7677 0.3498 0.0100 0.0002 0.0029 0.0003 0.0027 0.0065 0.0341 0.0050 0.0497 0.2900 

20 0.9042 0.0003 0.0067 0.4490 0.6357 0.0025 <.0001 0.0006 <.0001 0.0006 0.0016 0.0102 0.0011 0.0158 0.1294 

21 0.7169 0.0001 0.0033 0.3180 0.8169 0.0012 <.0001 0.0003 <.0001 0.0002 0.0007 0.0051 0.0005 0.0081 0.0792 

22 0.3055 0.0120 0.1117 0.6972 0.1066 0.0564 0.0017 0.0205 0.0030 0.0191 0.0398 0.1484 0.0318 0.1979 0.7073 

23 0.6168 0.0026 0.0351 0.8911 0.2746 0.0155 0.0003 0.0047 0.0005 0.0043 0.0103 0.0496 0.0079 0.0707 0.3679 

24 0.8308 0.0002 0.0051 0.3952 0.7036 0.0019 <.0001 0.0005 <.0001 0.0004 0.0012 0.0079 0.0008 0.0123 0.1077 

25 0.0011 0.8143 0.4803 0.0078 0.0001 0.7010 0.3781 0.9726 0.4812 0.9505 0.8155 0.3939 0.8889 0.3120 0.0553 

26 0.0596 <.0001 <.0001 0.0122 0.1945 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0012 

27 0.0077 0.3873 0.9397 0.0406 0.0012 0.8053 0.1317 0.5064 0.1830 0.4888 0.6912 0.8236 0.6236 0.7024 0.1957 

28 0.2847 0.0136 0.1221 0.6641 0.0973 0.0624 0.0020 0.0230 0.0035 0.0215 0.0443 0.1614 0.0355 0.2140 0.7412 

29 0.9026 0.0003 0.0067 0.4477 0.6372 0.0025 <.0001 0.0006 <.0001 0.0006 0.0016 0.0102 0.0011 0.0157 0.1289 

30 0.0253 <.0001 <.0001 0.0043 0.0980 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0003 

31  0.0011 0.0151 0.5512 0.5785 0.0065 0.0001 0.0020 0.0002 0.0018 0.0043 0.0217 0.0033 0.0315 0.1909 

32 0.0011  0.3792 0.0068 0.0001 0.5628 0.5448 0.8511 0.6602 0.8716 0.6614 0.3094 0.7260 0.2443 0.0445 

33 0.0151 0.3792  0.0647 0.0030 0.7631 0.1387 0.4888 0.1881 0.4726 0.6583 0.8905 0.5963 0.7744 0.2540 

34 0.5512 0.0068 0.0647  0.2503 0.0321 0.0010 0.0116 0.0018 0.0108 0.0226 0.0869 0.0180 0.1175 0.4748 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

35 0.5785 0.0001 0.0030 0.2503  0.0011 <.0001 0.0003 <.0001 0.0003 0.0007 0.0046 0.0005 0.0071 0.0634 

36 0.0065 0.5628 0.7631 0.0321 0.0011  0.2372 0.6956 0.3092 0.6765 0.8879 0.6606 0.8192 0.5567 0.1500 

37 0.0001 0.5448 0.1387 0.0010 <.0001 0.2372  0.4280 0.8681 0.4432 0.2974 0.1059 0.3397 0.0778 0.0094 

38 0.0020 0.8511 0.4888 0.0116 0.0003 0.6956 0.4280  0.5307 0.9793 0.8023 0.4068 0.8707 0.3281 0.0679 

39 0.0002 0.6602 0.1881 0.0018 <.0001 0.3092 0.8681 0.5307  0.5478 0.3807 0.1463 0.4299 0.1096 0.0148 

40 0.0018 0.8716 0.4726 0.0108 0.0003 0.6765 0.4432 0.9793 0.5478  0.7823 0.3923 0.8503 0.3155 0.0642 

41 0.0043 0.6614 0.6583 0.0226 0.0007 0.8879 0.2974 0.8023 0.3807 0.7823  0.5620 0.9302 0.4664 0.1144 

42 0.0217 0.3094 0.8905 0.0869 0.0046 0.6606 0.1059 0.4068 0.1463 0.3923 0.5620  0.5046 0.8816 0.3155 

43 0.0033 0.7260 0.5963 0.0180 0.0005 0.8192 0.3397 0.8707 0.4299 0.8503 0.9302 0.5046  0.4146 0.0959 

44 0.0315 0.2443 0.7744 0.1175 0.0071 0.5567 0.0778 0.3281 0.1096 0.3155 0.4664 0.8816 0.4146  0.3923 

45 0.1909 0.0445 0.2540 0.4748 0.0634 0.1500 0.0094 0.0679 0.0148 0.0642 0.1144 0.3155 0.0959 0.3923  

46 0.9404 0.0008 0.0123 0.5025 0.6306 0.0052 <.0001 0.0015 0.0002 0.0014 0.0034 0.0179 0.0026 0.0262 0.1670 

47 0.0018 0.8663 0.4768 0.0110 0.0003 0.6814 0.4392 0.9846 0.5433 0.9947 0.7874 0.3960 0.8555 0.3187 0.0651 

48 0.0366 0.2202 0.7274 0.1326 0.0085 0.5159 0.0681 0.2985 0.0967 0.2867 0.4294 0.8329 0.3802 0.9505 0.4274 

49 0.3014 0.0226 0.1572 0.6608 0.1131 0.0868 0.0042 0.0360 0.0068 0.0339 0.0642 0.2012 0.0527 0.2583 0.7822 

50 0.8951 0.0016 0.0214 0.6425 0.4919 0.0095 0.0002 0.0030 0.0004 0.0027 0.0063 0.0302 0.0049 0.0432 0.2392 

51 0.0183 0.3412 0.9420 0.0757 0.0038 0.7083 0.1205 0.4444 0.1650 0.4291 0.6066 0.9482 0.5469 0.8307 0.2854 

52 0.0024 0.8071 0.5249 0.0136 0.0004 0.7378 0.3959 0.9549 0.4943 0.9342 0.8463 0.4394 0.9154 0.3568 0.0768 

53 0.0062 0.5725 0.7522 0.0310 0.0011 0.9885 0.2429 0.7063 0.3160 0.6871 0.8993 0.6502 0.8304 0.5471 0.1460 

54 0.0122 0.4236 0.9366 0.0542 0.0024 0.8244 0.1609 0.5399 0.2159 0.5229 0.7167 0.8280 0.6524 0.7143 0.2226 

55 0.0005 0.8101 0.2634 0.0033 <.0001 0.4131 0.7148 0.6687 0.8420 0.6877 0.4978 0.2094 0.5549 0.1607 0.0248 

56 0.0809 <.0001 <.0001 0.0199 0.2319 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 0.0025 

57 0.0014 0.9311 0.4277 0.0088 0.0002 0.6224 0.4891 0.9194 0.5989 0.9400 0.7252 0.3522 0.7918 0.2808 0.0543 

58 0.0721 0.1284 0.5184 0.2266 0.0192 0.3441 0.0343 0.1819 0.0508 0.1736 0.2773 0.6113 0.2406 0.7192 0.6194 

59 0.6437 0.0046 0.0478 0.8936 0.3093 0.0230 0.0007 0.0080 0.0011 0.0074 0.0159 0.0652 0.0126 0.0897 0.3964 

60 0.0363 <.0001 <.0001 0.0075 0.1219 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0008 

  
(continued) 
 

Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

1 0.0689 <.0001 <.0001 0.0030 0.0418 <.0001 <.0001 <.0001 <.0001 <.0001 0.9730 <.0001 0.0002 0.0173 0.7298 

2 0.0017 0.7915 0.3851 0.0454 0.0033 0.5658 0.8545 0.8735 0.6805 0.4834 <.0001 0.7249 0.2361 0.0094 <.0001 

3 0.0033 0.6328 0.5121 0.0733 0.0063 0.7180 0.6916 0.9567 0.8428 0.3609 <.0001 0.5719 0.3308 0.0169 <.0001 

4 0.1294 0.0536 0.4192 0.7369 0.1943 0.2707 0.0642 0.1302 0.2066 0.0184 0.0011 0.0438 0.6238 0.3438 0.0003 

5 0.5447 0.0048 0.0860 0.5618 0.7002 0.0448 0.0061 0.0159 0.0303 0.0012 0.0174 0.0037 0.1607 0.9748 0.0061 

6 0.0104 0.3827 0.7949 0.1615 0.0189 0.9721 0.4283 0.6525 0.8432 0.1912 <.0001 0.3370 0.5635 0.0452 <.0001 

7 <.0001 0.2215 0.0194 0.0006 <.0001 0.0404 0.1926 0.1006 0.0587 0.4307 <.0001 0.2561 0.0082 <.0001 <.0001 

8 0.0006 0.9644 0.2396 0.0213 0.0012 0.3775 0.8999 0.6397 0.4713 0.6949 <.0001 0.9658 0.1359 0.0038 <.0001 

9 0.0007 0.9918 0.2622 0.0245 0.0015 0.4078 0.9436 0.6795 0.5057 0.6548 <.0001 0.9220 0.1508 0.0045 <.0001 

10 0.0024 0.6987 0.4556 0.0601 0.0048 0.6514 0.7596 0.9709 0.7725 0.4104 <.0001 0.6351 0.2878 0.0132 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

11 0.0621 0.1138 0.6497 0.4902 0.0993 0.4541 0.1332 0.2452 0.3624 0.0443 0.0003 0.0953 0.8916 0.1940 <.0001 

12 0.1524 0.0439 0.3714 0.8028 0.2254 0.2351 0.0529 0.1099 0.1774 0.0147 0.0015 0.0357 0.5641 0.3894 0.0004 

13 0.5863 0.0040 0.0755 0.5211 0.7463 0.0388 0.0051 0.0135 0.0260 0.0010 0.0204 0.0030 0.1433 0.9761 0.0072 

14 0.9590 0.0006 0.0183 0.2169 0.7854 0.0082 0.0008 0.0023 0.0051 0.0001 0.0827 0.0004 0.0404 0.5317 0.0351 

15 0.5716 <.0001 0.0043 0.0812 0.4318 0.0017 0.0001 0.0004 0.0010 <.0001 0.2200 <.0001 0.0108 0.2551 0.1092 

16 0.1610 <.0001 0.0003 0.0104 0.1052 <.0001 <.0001 <.0001 <.0001 <.0001 0.6972 <.0001 0.0008 0.0491 0.4427 

17 0.0009 0.9308 0.2959 0.0297 0.0019 0.4523 0.9954 0.7363 0.5558 0.6006 <.0001 0.8616 0.1735 0.0057 <.0001 

18 0.2848 0.0178 0.2090 0.9086 0.3954 0.1216 0.0219 0.0503 0.0875 0.0052 0.0047 0.0141 0.3471 0.6192 0.0014 

19 0.6731 0.0027 0.0577 0.4450 0.8406 0.0288 0.0035 0.0096 0.0190 0.0006 0.0279 0.0021 0.1131 0.8788 0.0102 

20 0.9677 0.0006 0.0188 0.2210 0.7938 0.0084 0.0008 0.0024 0.0052 0.0001 0.0808 0.0004 0.0414 0.5388 0.0342 

21 0.7774 0.0003 0.0098 0.1432 0.6146 0.0041 0.0003 0.0011 0.0025 <.0001 0.1318 0.0002 0.0229 0.3919 0.0600 

22 0.2695 0.0195 0.2218 0.9362 0.3765 0.1301 0.0240 0.0545 0.0940 0.0058 0.0042 0.0154 0.3652 0.5949 0.0013 

23 0.5618 0.0044 0.0815 0.5447 0.7193 0.0422 0.0057 0.0148 0.0285 0.0011 0.0186 0.0034 0.1533 0.9953 0.0065 

24 0.8936 0.0004 0.0147 0.1880 0.7229 0.0064 0.0006 0.0018 0.0040 <.0001 0.0981 0.0003 0.0331 0.4791 0.0427 

25 0.0008 0.9562 0.2815 0.0274 0.0017 0.4334 0.9791 0.7124 0.5346 0.6230 <.0001 0.8867 0.1638 0.0051 <.0001 

26 0.0710 <.0001 <.0001 0.0031 0.0432 <.0001 <.0001 <.0001 <.0001 <.0001 0.9842 <.0001 0.0002 0.0179 0.7193 

27 0.0061 0.4933 0.6539 0.1126 0.0114 0.8780 0.5457 0.7934 0.9926 0.2627 <.0001 0.4399 0.4438 0.0287 <.0001 

28 0.2505 0.0219 0.2392 0.9722 0.3526 0.1418 0.0268 0.0603 0.1031 0.0066 0.0037 0.0174 0.3895 0.5640 0.0011 

29 0.9661 0.0006 0.0187 0.2202 0.7922 0.0084 0.0008 0.0024 0.0052 0.0001 0.0812 0.0004 0.0412 0.5375 0.0344 

30 0.0308 <.0001 <.0001 0.0010 0.0176 <.0001 <.0001 <.0001 <.0001 <.0001 0.7033 <.0001 <.0001 0.0066 0.9986 

31 0.9404 0.0018 0.0366 0.3014 0.8951 0.0183 0.0024 0.0062 0.0122 0.0005 0.0809 0.0014 0.0721 0.6437 0.0363 

32 0.0008 0.8663 0.2202 0.0226 0.0016 0.3412 0.8071 0.5725 0.4236 0.8101 <.0001 0.9311 0.1284 0.0046 <.0001 

33 0.0123 0.4768 0.7274 0.1572 0.0214 0.9420 0.5249 0.7522 0.9366 0.2634 <.0001 0.4277 0.5184 0.0478 <.0001 

34 0.5025 0.0110 0.1326 0.6608 0.6425 0.0757 0.0136 0.0310 0.0542 0.0033 0.0199 0.0088 0.2266 0.8936 0.0075 

35 0.6306 0.0003 0.0085 0.1131 0.4919 0.0038 0.0004 0.0011 0.0024 <.0001 0.2319 0.0002 0.0192 0.3093 0.1219 

36 0.0052 0.6814 0.5159 0.0868 0.0095 0.7083 0.7378 0.9885 0.8244 0.4131 <.0001 0.6224 0.3441 0.0230 <.0001 

37 <.0001 0.4392 0.0681 0.0042 0.0002 0.1205 0.3959 0.2429 0.1609 0.7148 <.0001 0.4891 0.0343 0.0007 <.0001 

38 0.0015 0.9846 0.2985 0.0360 0.0030 0.4444 0.9549 0.7063 0.5399 0.6687 <.0001 0.9194 0.1819 0.0080 <.0001 

39 0.0002 0.5433 0.0967 0.0068 0.0004 0.1650 0.4943 0.3160 0.2159 0.8420 <.0001 0.5989 0.0508 0.0011 <.0001 

40 0.0014 0.9947 0.2867 0.0339 0.0027 0.4291 0.9342 0.6871 0.5229 0.6877 <.0001 0.9400 0.1736 0.0074 <.0001 

41 0.0034 0.7874 0.4294 0.0642 0.0063 0.6066 0.8463 0.8993 0.7167 0.4978 <.0001 0.7252 0.2773 0.0159 <.0001 

42 0.0179 0.3960 0.8329 0.2012 0.0302 0.9482 0.4394 0.6502 0.8280 0.2094 <.0001 0.3522 0.6113 0.0652 <.0001 

43 0.0026 0.8555 0.3802 0.0527 0.0049 0.5469 0.9154 0.8304 0.6524 0.5549 <.0001 0.7918 0.2406 0.0126 <.0001 

44 0.0262 0.3187 0.9505 0.2583 0.0432 0.8307 0.3568 0.5471 0.7143 0.1607 0.0001 0.2808 0.7192 0.0897 <.0001 

45 0.1670 0.0651 0.4274 0.7822 0.2392 0.2854 0.0768 0.1460 0.2226 0.0248 0.0025 0.0543 0.6194 0.3964 0.0008 

46  0.0014 0.0305 0.2680 0.8363 0.0150 0.0019 0.0050 0.0099 0.0004 0.0946 0.0011 0.0612 0.5912 0.0434 

47 0.0014  0.2897 0.0344 0.0028 0.4330 0.9395 0.6920 0.5273 0.6828 <.0001 0.9347 0.1757 0.0076 <.0001 

48 0.0305 0.2897  0.2852 0.0499 0.7826 0.3254 0.5067 0.6686 0.1432 0.0002 0.2542 0.7661 0.1019 <.0001 

49 0.2680 0.0344 0.2852  0.3670 0.1794 0.0412 0.0843 0.1353 0.0120 0.0059 0.0281 0.4398 0.5671 0.0020 

50 0.8363 0.0028 0.0499 0.3670  0.0257 0.0035 0.0091 0.0174 0.0007 0.0608 0.0022 0.0952 0.7409 0.0263 

51 0.0150 0.4330 0.7826 0.1794 0.0257  0.4787 0.6976 0.8790 0.2338 <.0001 0.3867 0.5666 0.0565 <.0001 

52 0.0019 0.9395 0.3254 0.0412 0.0035 0.4787  0.7487 0.5779 0.6281 <.0001 0.8747 0.2009 0.0094 <.0001 
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Least Squares Means for effect Age*Trt 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

 
Dependent Variable: Pc 

i/j 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

53 0.0050 0.6920 0.5067 0.0843 0.0091 0.6976 0.7487  0.8132 0.4213 <.0001 0.6327 0.3368 0.0222 <.0001 

54 0.0099 0.5273 0.6686 0.1353 0.0174 0.8790 0.5779 0.8132  0.2986 <.0001 0.4753 0.4684 0.0397 <.0001 

55 0.0004 0.6828 0.1432 0.0120 0.0007 0.2338 0.6281 0.4213 0.2986  <.0001 0.7438 0.0788 0.0022 <.0001 

56 0.0946 <.0001 0.0002 0.0059 0.0608 <.0001 <.0001 <.0001 <.0001 <.0001  <.0001 0.0005 0.0279 0.7228 

57 0.0011 0.9347 0.2542 0.0281 0.0022 0.3867 0.8747 0.6327 0.4753 0.7438 <.0001  0.1513 0.0060 <.0001 

58 0.0612 0.1757 0.7661 0.4398 0.0952 0.5666 0.2009 0.3368 0.4684 0.0788 0.0005 0.1513  0.1797 0.0001 

59 0.5912 0.0076 0.1019 0.5671 0.7409 0.0565 0.0094 0.0222 0.0397 0.0022 0.0279 0.0060 0.1797  0.0110 

60 0.0434 <.0001 <.0001 0.0020 0.0263 <.0001 <.0001 <.0001 <.0001 <.0001 0.7228 <.0001 0.0001 0.0110  

 


