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ABSTRACT

Recent studies on antibiotic resistance show conflicting results as to the extent 

that environmental factors may play in the increase of drug resistance among general 

populations. One hundred and fifty-four adults living in Helena, Montana were surveyed 

for antibiotic drug use history, and their surface flora were tested for resistance against 

ciprofloxacin, erythromycin, penicillin, sulfisoxazole, and tetracycline. In this study, 

very high levels of antibiotic resistance are seen throughout the individuals tested, most 

prominently to penicillin and sulfisoxazole. As high as 99% of participants had 

microorganisms resistant to two or more antibiotics. Results suggest that demographic 

factors such as age and gender do not play a role in increasing antibiotic resistance. Also, 

recent use of antibiotics, extended or incorrect use of antibiotics, use of antibacterial 

soap, and increased hand washing habits do not appear to be correlated with increased

antibiotic resistance.
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INTRODUCTION

The development and distribution of antibiotics over the past 60 years has been 

one of the most significant medical advancements in the struggle against microbial 

infection. However, the scientific community is just beginning to discover the delicate 

balance between the use and overuse of antibiotics and the devastating consequences that 

can result. As one of the most important discoveries in modem medicine, it is absolutely 

essential that the effectiveness of antibiotics be preserved as thoroughly as possible. As 

more studies on the subject arise, the severity of the issue of antibiotic resistance 

becomes more apparent. Yet the extent to which many factors may be contributing to the 

developing resistance is only beginning to be understood.

Currently there is little scientific literature that considers antibiotic resistance in 

the light of public, everyday life. Past studies have generally focused on the higher 

prevalence of microbial resistance in the hospital setting as impacted by antibiotic use 

and topical hygiene control (Weinstein 2001). If the overuse of such antimicrobial 

products causes increased resistance in a hospital setting (Weinstein 2001), it may also be 

causing a similar outcome in our communities. A recent literature review by Gilbert and 

McBain (2003) suggests that the current influx of personal consumer products containing 

antibacterial agents has no impact on the susceptibility patterns of bacteria found in the 

environment. Yet Aiello and Larson (2003) imply the lack of research in the area could

be leading to a failure to understand all of the risk factors involved in antibiotic resistance 

in the community setting. Thus, there appears to be a great need for studies that aid in the 

classification of antibiotic resistance patterns. Understanding what types of practices

1



contribute to antimicrobial resistance in bacteria can help us to prevent building 

resistance to the drugs that have the power to stop epidemics.

The current study examined the normal flora of each participant, looking 

specifically at the presence of coliform bacteria. Coliforms are rod-shaped gram-negative 

bacteria and are generally found in the intestine or feces. Various fecal coliforms, 

Escherichia being the most well known, are major sources Of common infections 

(Leistevuo et al. 1996), and thus understanding their pathology has great importance in 

combating epidemics. Poor sewage systems and inadequate water treatment or often 

unsanitary preparation of food can lead to human infection by coliforms via the fecal/oral

route.

With general use of antibiotics, the normal flora of a person taking antibiotics

could become resistant to one or more antibiotics via several different mechanisms.

However, there are many other factors that may exacerbate antibiotic resistance in the 

human normal flora, including extended use of or failure to complete a full course of a 

drug, use of antibacterial soap, and quantifying how often a person washes his or her 

hands each day, to name a few (Levy 2002). Studying these factors, as well as patterns 

of multiple drug resistance, in a representative population could provide insight into 

preventative measures that could be taken to limit the progression of antibiotic resistance 

to the point at which the drugs are no longer effective for the needs of the human

population.

Taking such factors into consideration, I compiled a brief survey and distributed it 

to approximately one hundred and sixty random participants in Helena, Montana. The 

survey provided informative accounts of the quantities and types of antibiotics that each
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participant has used in the past three years. Additionally, participants answered questions 

concerning several of the other factors that are suspected of contributing to antibiotic 

resistance, such as those regarding habits of hand washing and misuse or overuse of 

antibiotic drugs. Following the completion of the survey, each participant’s hands were 

washed, and the collected bacteria were tested for resistance to ciprofloxacin, 

erythromycin, penicillin, sulfisoxazole, and tetracycline, seVferal types of commonly used 

antibiotics that employ different mechanisms to halt the activity of the bacterial cells.

Testing the microorganisms of each individual against five major classifications

of antibiotics allows for consideration of similarities between mechanisms of resistance.

Gilbert and McBain (2003) believe that such commonalities in mechanism may be 

leading to the natural selection of bacteria that present cross-resistance to multiple 

antibiotics. Multiple drug resistance is increasingly a prominent issue in the studies of 

antibiotic resistance. Understanding the various mechanisms by which antibiotics attack 

bacterial cells is central to these studies and contributes directly to a better understanding 

of the methods that bacteria use to resist antibiotic drug treatment.

Floroquinolones are a family of synthetic antibacterial compounds that prevent 

DNA gyrase or other topoisomerases from supercoiling DNA strands, halting the DNA

replication and transcription processes (Hooper 1999). Use of ciprofloxacin, one

antibiotic in this category, is an effective method of treatment for both gram-positive and

gram-negative bacteria, as both forms require DNA gyrase. Erythromycin comes from a

widely varied class of antibiotics called macrolides. Macrolides are protein synthesis 
«

inhibitors that reversibly bind to the 50S subunit of the bacterial ribosome and inhibit 

translocation of the tRNA strand (Leclercq 2002). Beta-lactams are another largely

3



important group of antibiotics that inhibit the synthesis of the peptidoglycan in the walls 

of bacterial cells. This class of antibiotics is especially effective against gram-positive 

microorganisms due to the fact that the structural integrity of gram-negative bacteria is 

highly dependent on the presence of peptidoglycan. Penicillin is a frequently used 

example of a beta-lactam antibiotic. Penicillin, and other beta-lactams, irreversibly bind 

to the active site of penicillin-binding proteins (PBPs) in bacteria and inhibit enzymatic 

function in the final transpeptidation step of peptidoglycan synthesis (Doem et al. 2001). 

Sulfisoxazole is a sulfa drug, which are growth factor analogs that mimic the structure of 

the bacterial growth factor para-amino-benzoic acid. The changes in chemical structure 

disrupt the synthesis of folic acid, a component necessary for cell growth (Huang et al. 

2004). Tetracyclines are a group of antibiotics that function in a very similar manner to 

macrolides. They, too, are protein synthesis inhibitors; however, they act reversibly on 

the 30S subunit of the bacterial ribosome to inhibit translation (Weisblum 1995). 

Tetracyaclines are effective against nearly all gram-negative and gram-positive

antibiotics.

Bacterial resistance to antibiotics may be specific to one drug or effective against 

multiple types of antibiotics. Bacteria may develop the ability to inactivate or modify a 

drug due to an innate mutation in the bacteria or via a plasmid transfer (Levy 2002).

Some bacteria have evolved to produce beta-lactamase, an enzyme that can break the 

beta-lactam ring, rendering beta-lactam antibiotics, such as penicillin, ineffective. The 

production of drug inactivating enzymes can also be found as a method of resistance 

against macrolides (Doem et al. 2001). Bacteria also alter the target sites of antibiotics so 

that they may not be effective within the bacterial cell. We see examples of this in post
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transcriptional methylation of the 23 S bacterial ribosome, preventing the binding of 

macrolides (Weisblum 1995). Similarly, resistance to tetracycline often is the result of 

reversible alterations to the bacterial ribosome (Speer et al. 1992) and alterations to 

penicillin binding proteins can reduce the effectiveness of beta-lactam antibiotics (Doem 

et al. 2001). Additional methods of resistance include alteration or circumvention of a 

metabolic pathway. For example, some bacterial cells have"evolved mechanisms of 

obtaining folic acid from other external sources, thus becoming resistant to the effects of 

sulfisoxazole (Huang et al. 2004). The general use of antibiotics may be partially 

responsible for the selection of resistant strains of bacteria that contain polygamous 

mechanisms to reduce the effectiveness of multiple antimicrobial agents (Gilbert and 

McBain 2003). Bacterial cells have developed mechanisms to reduce drug accumulation 

within the cell through reducing membrane permeability to a drug, as in

fluoroquinolones, or through mechanisms such as an efflux pump (Hooper 1999). In the 

example of the efflux pump, a resistant gene encodes a membrane protein that actively 

pumps antibiotics out of the bacterial cell (Leclercq 2002). Efflux pumps tend to be less 

specific, removing nearly all drugs from the cell, rather than one specific type. They are 

believed to be great contributors to the problem of multiple drug resistance (Gilbert and

McBain 2003).

The present study could provide a new level of insight into how great the impact 

of these factors is on antibiotic resistance and perhaps help to determine which factors are 

contributing more to the issue in a domestic environment. Since it is clear that general 

antibiotic use is one of the central factors leading to antibiotic resistance (2002), I can

hypothesize that individuals will exhibit some increased level of antibiotic resistance in
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both their normal bacteria growth and fecal coliform growth after recent use of 

corresponding antibiotics as well as increased levels in those individuals that have 

experienced extended antibiotic use (more than 3 weeks) or failure to complete a course 

of antibiotics. Taking other factors into consideration, I may also predict that an increase 

in antibiotic resistance will correlate with age, increased hand washings per day, and 

general use of antibacterial soap.
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MATERIALS AND METHODS

Survey Distribution

A brief and anonymous survey containing specific questions about recent 

antibiotic use and antimicrobial habits was distributed to 154 participants in the Helena, 

Montana area. All participants were over the age of 18, and verbally consented to 

contributing to this study. Participants were selected in an attempt to obtain a wide 

variety within sex and age classifications. The survey of each participant was given an 

anonymous identification number that also corresponded to the surface bacteria sample 

later taken from that participant, so in no way could the survey or the sample data be 

traced back to a participant. The survey distributed was as follows:
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Confidentiality and Risk
To protect your privacy, you will be assigned an ID number that can be found at the top of this questionnaire. 

Neither this paper nor the samples taken from your hands will contain your name, and therefore your identity and any other 
facts that might be revealed will remain anonymous throughout the analysis and publication of these data.

There is minimum risk involved with this study. The participant will be putting his or her hands into a sterile 
saline solution, similar to salt water. This solution, like salt water, may cause irritation, especially to participants with 
sensitive skin. Washing hands with soap and water after participating in the study can prevent this problem.

Questionnaire Please answer questions to the best of you ability. If you don’t know an answer, leave it blank.
1. Age __________

2. Sex Male Female

3. In the past 3 years, how many times have you taken antibiotics? ______

4. Please circle all of the following antibiotics that you have taken in the past 3 years.

Penicillin Amoxycillin Ampicillin Oxacillin

Tetracycline Doxycycline Minocycline Erythromycin

Clarithromycine Azithromycine Ciprofloxacin Nosfloxacin

Sulfisoxazole Sulfa Drugs none

5. You were most recently treated with antibiotics within the last:
month 3 months 6 months year 2 years + never

6. What type of antibiotics were you most recently treated with?_________________________

7. Are you allergic to any types of antibiotics? Yes No

If yes, which ones?________________________

8. Have you ever not completed your course of antibiotics because you were feeling better?

Yes No

9. Have you ever been treated with antibiotics for an extended period of time (more than 3 weeks)?

Yes No

If yes, how long?___________________

What was the antibiotic?_________________________

10. On average, how many times a day do you wash your hands?___________________

11. When washing your hands, do you usually use antibacterial soap? Yes No

12. How many times a week do you usually eat poultry (especially chicken)?_______________

Sample Collection

After completing the survey, each participant placed both hands into a large, 

sterile plastic bag. Twenty milliliters of sterile 0.85% saline solution were poured over 

his or her hands. Each participant was then asked to rub his or her hands together in the 

saline solution for thirty seconds. The samples were sealed and placed in an ice chest 

while they were being transported back to the lab.
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Sample Plating and Incubation

A 1:10 dilution was made using 1 OOpL of each participant’s sample in saline 

solution. One hundred microliters of the saline solution were then spread-plated onto 

previously prepared nutrient agar plates, which allowed for the measurement of the total 

bacterial population. One thousand microliters of the original, non-diluted sample were 

spread-plated onto Rapid’E.coli 2 agar by BioRad, a specialized growth media specific 

for growing and indicating E. coli and other fecal coliforms. This allowed for the 

measurement of the coliform population distinctively. All plates were incubated for 18 to 

24 hours at 35°C. After the incubation period, the number of colonies on each plate was 

recorded. For plates specific to fecal coliforms and E. coli, only the colonies colored blue 

or purple (designating fecal coliforms and E. coli respectively) were considered. From 

each plate, a single representative colony was isolated using an inoculating loop. Each 

colony (bacterial isolate) was then placed in a labeled test tube containing approximately 

10 mL of nutrient broth and subsequently incubated for 18 to 24 hours at 35°C.

Antibiotic Resistance Testing

After the second incubation period, 500pL from each test tube, containing 

nutrient broth and an isolated bacterium, were spread-plated onto nutrient agar plates.

One of each of the following antibiotic disks was carefully positioned onto each plate: 

ciprofloxacin, erythromycin, penicillin, sulfisoxazole, and tetracycline. The plates

containing the antibiotic disks were then incubated at 35°C for 18 to 24 hours. After

sufficient growth had occurred, the diameter of the zone of inhibition for each antibiotic 

disk was measured in millimeters and recorded as resistant or susceptible according to the 

following table:
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ANTIBIOTIC DISC POTENCY INHIBITION ZONE DIAMETER TO 
NEAREST mm

Resistant Susceptible

Ciprofloxacin 5 pg 15 or less 21 or more

Erythromycin 15 pg 13 or less 18 or more

Penicillin 10 units 28 or less 29 or more

Sulfisoxazole 100 pg 12 or less 17 or more

Tetracycline 30 pg 14 or less 19 or more

Data Analysis

From the data collected, the approximate number of total bacterial colonies and 

fecal coliform colonies per hand of each participant was determined. Data from the 

survey were then analyzed for correlations with the calculated number of colonies per . 

hand and presence of antibiotic resistance. Comparisons of demographics, such as age 

and sex, and the number of bacteria per hand and presence of resistance were conducted. 

Each participant’s recent antibiotic use was also considered and analyzed for possible 

linkage with antibiotic resistance. Other factors, such as hand washing, failure to 

complete a course of antibiotics, and extended use of antibiotics, were compared to total 

bacterial colonies per hand for a possible association to antibiotic resistance. Linear 

Regressions of data were performed using Microsoft Excel. Contingency Tests were

performed using Statistica 4.0.
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RESULTS

Among the 154 participants of this study, the average number of total bacteria per 

hand was 72814 (±9204, standard error), and the average number of fecal coliforms per 

hand was 260 (±57, standard error). I examined the relationship between the total 

number of general and coliform bacteria per hand and such'demographic factors as age, 

gender, and number of hand washings per day. The linear regression of age and number 

of bacteria per hand is seen in Figure 1. Although there is a large difference between the 

total number of general bacteria per hand and the number of fecal coliforms per hand, 

there is no significant correlation between age and the number of bacteria per hand found 

in either of those data. Linear regression of these data produce R2 values of 0.029 for 

coliform bacteria (Fig. lb) and 0.0191 for general bacteria (Fig. la). Similarly, no 

correlation was found between gender and the number of bacteria per hand or between 

the number of times a participant washed his or her hands each day and the total number 

of colonies per hand. On average males had approximately 60,000 total colonies per had 

and females had approximately 80,000 colonies per hand. However, men showed 

slightly higher levels of fecal coliform colonies per hand than did women.

Very high levels of resistance to one or multiple antibiotics were seen in the 

general population. The nutrient agar plates showed 9.2% of participants’ bacteria in 

their normal flora were resistant to ciprofloxacin, 44.1% to erythromycin, 94.7% to

penicillin, 88.2% to sulfisoxazole, and 24.3% to tetracycline. The coliform plates 

showed similar resistance among participant flora: 19.4% showed resistance to 

ciprofloxacin, 72.6% to erythromycin, 100% to penicillin, 91.5% to sulfisoxazole, and
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27.8% to tetracycline. Figure 2 shows the occurrence of multidrug resistance in the 

overall population. Both the data from the nutrient and coliform plates show the majority 

of the population contained bacteria in their normal flora resistant to multiple antibiotics. 

The percentage of the isolates resistant to two or more antibiotics was 92% and 99% 

respectively, for isolates from the nutrient and coliform plates. Approximately 80% of 

the isolates, regardless of the isolation medium used, were resistant to 2 or 3 antibiotics. 

Overall, fecal coliforms exhibited a higher level of average resistance to antibiotics than 

the total bacterial population. However, there was no significant correlation between age 

and antibiotic resistance (Fig. 3). Linear regression (Fig. 4) of the data reiterates this 

same result. Similarly, there was no significant correlation between antibiotic resistance, 

and the number of times a day a person washed his or her hands (Fig. 5). Linear 

regression of the data provides this result as well (Fig. 6).

Contingency analyses suggest that there is a statistically significant correlation 

between resistance to ciprofloxacin in total bacteria and resistance to tetracycline in 

coliform isolates to the time since a participant last used antibiotics (Fig.7). Overall, the 

correlation between time since last drug use and resistance among coliform bacteria on 

the participant’s hands was only marginally rejected, with p = 0.054 (Appendix). 

However, there is no clear trend in the deviation from the expected number of individuals 

exhibiting resistance and the time that has passed since antibiotics were last used, as the 

deviation existed both above and below the expected values. There was no significant 

correlation between the amount of antibiotic resistance towards penicillin, erythromycin,

or sulfisoxazole exhibited by bacteria of an individual and how recently that individual 

last was treated with antibiotics as shown (Fig. 8). Overall, antibiotic soap use, too,
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seems to have no significant impact on antibiotic correlation (Fig. 9). However, 

contingency tests showed a statistically significant correlation (p=0.022) between 

antibacterial soap use and resistance to erythromycin seen in the total bacterial flora 

(Appendix).

There is no significant change in the levels of antibiotic resistance in the total 

bacterial population among those individuals who either failed to complete a full course 

of antibiotics as prescribed or those who completed antibiotic drug courses successfully 

(Fig. 10). However, there may be a slight increase in antibiotic resistance in the fecal 

coliforms of individuals who have failed to complete a full course of antibiotics (Fig. 10). 

According to the contingency tests, both ciprofloxacin and tetracycline showed levels of 

resistance in coliform bacteria higher than expected (Fig. 11) There is a possible

correlation between the resistance in coliform bacteria and those individuals who have

been treated with antibiotics for an extended period of time of three or more weeks (Fig. 

12). However, contingency tests supported a correlation (p=<0.001) between the 

extended use of antibiotics and resistance to ciprofloxacin in the total bacteria of the hand 

(Appendix).
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(a)

(b)

FIGURE 1. (a) Linear regression of the number of total bacteria on the hands of each participant and 
participant age. (b) Linear regression of the number of coliform bacteria on the hands of each participant 
and the participant age.
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(C)

4.5%

□ 0 antibiotics
□ 1 antibiotic
□ 2 antibiotics
□ 3 antibiotics
■ 4 antibiotics
■ 5 antibiotics

(d)

FIGURE 2. (a) The occurrence of multidrug resistance exhibited in the total bacterial flora, (b) The 
proportion of the total bacterial population resistant to each of the five antibiotics tested, (c) The occurrence 
of multidrug resistance exhibited in coliform bacterial flora, (d) The proportion of the coliform bacterial 
population resistant to the five antibiotics tested.
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□ Total resistance

□ Coliform resistance

Age(years)

FIGURE 3. The effect of participant age on multidrug resistance of bacterial isolates from the normal flora 
of the hand.

FIGURE 4. Linear regression of age and antibiotic resistance in coliform bacteria.
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□ Total resistance

□ Coliform resistance

FIGURE 5. The effect of hand washing frequency on multidrug resistance within the normal flora of each 
participant.

FIGURE 6. Linear regression of the frequency of hand washing and antibiotic resistance in coliform 
bacteria of human hands.
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□ Total bacteria resistance 
to ciprofloxacin

□ Coliform bacteria 
resistance to tetracycline

.5 J----------------- --------------------------------------- ----------------
1 month 3 6 year 2+ years never

months months

FIGURE 7. The effect of time since antibiotic use on the expected number of individuals containing 
antibiotic resistant bacteria on their hands, based on contingency test analyses.

□ Total resistance

□ Coliform resistance

Most recent use of antibiotics with in the last

FIGURE 8. The effect of time since antibiotic use on the presence of multidrug resistance in the normal
flora of the human hand.
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□ Total resistance

□ Coliform resistance

Yes No
Use of antibacterial soap

FIGURE 9. The effect of antibacterial soap use on the presence of multidrug resistance in the normal flora 
of the human hand.

□ Total resistance
□ Coliform resistance

Drug course completion

FIGURE 10. The effect of drug course completion on the presence of multidrug resistance in the normal
flora of the human hand.
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5

Ciprofloxacin Tetracycline

FIGURE 11. The effect of drug course completion on the expected number of individuals containing 
antibiotic resistant coliforms on their hands, based on contingency test analyses.

□ Total resistance
□ Coliform resistance

Drug course length

FIGURE 12. The effect of extended drug use on the presence of multidrug resistance in the normal flora of
the human hand.
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DISCUSSION

Antibiotics have had in the past, and will continue to have in the future, many 

desirable properties that make them candidates for rehabilitation from bacterial infection. 

However, the mounting problem of antibiotic resistance is an immediate cause for 

concern because it is rapidly leading to failure of one of today’s most important forms of 

treatment. Resistance is especially increasing among isolates of diarrheal, respiratory, 

and commensal enteric pathogens to first-line, inexpensive, broad-spectrum antibiotics 

(Okeke et al. 1999). In many countries a lack of resources hampers implementation of 

most strategies against antibiotic resistance, and thus they will soon destroy the utility of 

the medications that can narrowly be afforded to begin with (Okeke et al. 1999). Many 

studies have been conducted to examine this increasing occurrence of antibiotic 

resistance (Gilbert and McBain 2003). Studies over the last few decades confirm an 

overall increase in resistant microorganisms among the population of the United States 

(Doem et al. 2001), and Helena, Montana appears to be no exception. The results of this 

study indicate that the levels of antimicrobial resistance within the Helena, Montana 

community are quite high. As all bacteria were grown on two types of media, there are 

some slight differences in the levels of resistance exhibited by each; most prominently, 

fecal coliforms appear be more resistant to antibiotics overall. However, the general 

trends are in agreement. All fecal coliforms showed resistance to at least one antibiotic,

and 99% of all total bacteria showed resistance to at least one antibiotic.

Levels of resistance to penicillin were found to be alarmingly high at nearly one 

hundred percent of all flora tested, but we must consider that fecal coliforms and many
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total bacterial isolates were likely gram negative and therefore innately resistant. It 

appears the levels of resistance to penicillin are quite elevated in comparison to that of 

other antibiotics; however it may be worthwhile for future studies to use a different 

member of the penicillin family such as ampicillin, which has a broader spectrum and is 

effective against gram-negative bacteria. Coliform bacteria showed 19.4% resistance to 

ciprofloxacin, 72.6% to erythromycin, 91.5% to sulfisoxazole, and 27.8% to tetracycline. 

Doem et al. (2001) examined resistance among Streptococcus pneumonia isolates in the 

United States and found significantly lower levels of resistance to many of the same 

antibiotics. The national overall rate of penicillin resistance was 34.2%, overall 

macrolide resistance was 26%, and 16.6% of isolates were resistant to tetracyclines 

(Doem et al. 2001). The discrepancy between the overall rates of resistance could lie in 

the fact that the study of Doem et al. (2001) only examined resistance in gram-positive 

Streptococcus pneumonia, while the present study examined resistance in general 

bacteria, including both gram-positive and gram-negative forms.

As in this study, other populations exhibited resistance towards macrolides such 

as erythromycin at significantly higher levels than tetracycline (Doem et al. 2001). 

Furthermore, the overall resistance rates of fluoroquinolones like ciprofloxacin were 

found at low levels in this study as well as others (Doem et al. 2001). In fact, studies 

conducted over an extended period of time have asserted that the resistance levels to 

fluoroquinolones have not changed significantly over the past decade, which of course is 

of interest because it may lead to insight regarding the antibiotic’s mode of action and the 

resistance that develops against the antibiotic.
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The issue of organismal resistance to many different antibiotics is believed to be 

thwarting treatment in both the hospital and community settings (Levy 2002). The 

present study similarly indicated an elevated level of multi-drug resistance in the

population. Of the coliform bacteria, 99% of all microorganisms tested were resistant to 

two or more different antibiotics. Approximately 80% of the flora tested were resistant to 

two or three antibiotics. Similarly, Doem et al. (2001) found that 22.4% of bacteria 

tested were resistant to at least three different classes of antimicrobials. The phenomenon 

of multiple drug resistance can provide a great deal of insight into the mechanisms of 

resistance that are evolving and also into commonalities between different antibiotics. 

Doem et al. (2001) have indicated that many antibiotics that are resistant to penicillin are 

also resistant to other antibiotics. This is supported in this study as well, in that 94.7% of 

total bacteria showed resistance to penicillin, and 92% of all bacteria were resistant to

two or more antibiotics, indicating that at least 88.7% of all isolates were resistant to

penicillin and one or more other antibiotics. In the present study, as high as 7% of the 

participants contributed bacteria that were resistant to all five of the antibiotics tested. It

seems the extreme frequency of multidrug resistance is a good indication of similar

resistance mechanisms.

The factors that were hypothesized to have an impact on the escalation of 

antibiotic resistance in this study do not appear to have a significant impact on the 

development of resistance. There was no significant correlation between antibiotic 

resistance and a person’s age or the number of times a day a person washes his or her 

hands. There were, as mentioned previously, very high levels of resistance; however, no 

trend or relationship seems to appear with respect to age or handwashing habits. Linear
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regression of the data supports these conclusions as well. There appears to be some 

correlation between the amount of antibiotic resistance exhibited by bacteria of an 

individual and how recently that individual was last treated with antibiotics. This 

correlation was only marginally rejected by the statistical contingency tests performed. 

Past studies have indicated that extended periods of antibiotic use, linked to the continual 

exchange of microbes among people and the environment, fibs led to increased resistance 

(Levy 2002). Results might be more conclusive if a larger test population were used. 

Overall, the results of this study support rejection of the hypothesis that age, hand 

washing habits, and antibacterial soap use are factors that contribute to antibiotic 

resistance in the community setting, and they marginally reject the hypothesis that recent

antibiotic use contributes to antibiotic resistance. Such factors as incorrect or extended

antibiotic use appear to have a mild correlation with antibiotic resistance for certain 

drugs, namely ciprofloxacin and tetracycline. There is a slight increase in resistance in 

those individuals who admit to the failure to complete a course of antibiotics as

prescribed.
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APPENDIX

TABLE 1. Contingency test analysis of the effect of ai 
of drug resistance in the total flora of the human hand.

x2 P
Tetracycline 0.59 0.443
Sulfisoxazole 0.31 0.578
Penicillin 0 0.988
Ciprofloxacin 12.99 <0.001
Erythromycin 0.08 0.778
Overall 9.04 0.107

TABLE 2. Contingency test analysis of the effect of ai
of drug resistance in the coliforms of the human hand.

x2 P
Tetracycline 0.33 0.564
Sulfisoxazole 0.08 0.78
Ciprofloxacin 0.42 0.519
Erythromycin 0.99 0.318
Overall 5.83 0.212

TABLE 3. Contingency test analysis of the effect of drug course completion on the presence of drug 
resistance in the total flora of the human hand.

x2 P
Tetracycline 2.62 0.105
Sulfisoxazole 0.2 0.652
Penicillin 0.09 0.764
Ciprofloxacin 0.09 0.758
Erythromycin 0.62 0.429
Overall 1.68 0.891

TABLE 4. Contingency test analysis of the effect of drug course completion on the presence of drug 
resistance in the coliforms of the human hand.

x2 P Observed Expected
Tetracycline 0.02 0.885
Sulfisoxazole 0.04 0.847
Ciprofloxacin 4.26 0.039 10 6.3
Erythromycin 4.94 0.026 28 23.5
Overall 9.29 0.054
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TABLE 5. Contingency test analysis of the effect of antibacterial soap use on the presence of drug 
resistance in the total flora of the human hand. 

p Observed Expected
Tetracycline 0.29 0.584

Sulfisoxazole 1.27 0.259

Penicillin 0.02 0.886

Ciprofloxacin 0.1 0.747

Erythromycin 5.19 0.022

Overall 6.48 0.262

TABLE 6. Contingency test analysis of the effect of antibacterial soap use on the presence of drug 
resistance in the colifoms of the human hand.

x2 P
Tetracycline 0.27 0.6
Sulfisoxazole 1.45 0.228
Ciprofloxacin 0.01 0.956
Erythromycin 0 0.975
Overall 1.18 0.881

TABLE 7. Contingency test analysis of the effect of time since antibiotic use on the presence of drug 
resistance in the total flora of the human hand.

x2 P
Tetracycline 2.6 0.758
Sulfisoxazole 3.5 0.624
Penicillin 5.4 0.365
Ciprofloxacin 12.9 0.024
Erythromycin 7.8 0.164
Overall 22.2 0.625

TABLE 8. Observed and expected values of resistance to ciprofloxacin in the total flora of the human hand 
due to the effect of time since antibiotic use.
Last Used Observed Expected
1 month 5 1.6
3 months 2 1

6 months 1 1.2
Year 0 2.9
2+ years 5 5.4
Never 1 1.9
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TABLE 9. Contingency test analysis of the effect of time since antibiotic use on the presence of drug 
resistance in the coliform flora of the human hand.

x2 P
Tetracycline 12.06 0.034

Sulfisoxazole 2.39 0.793

Ciprofloxacin 3.56 0.615

Erythromycin 7.52 0.185

Overall 18.48 0.556

TABLE 10. Observed and expected values of resistance to ciprofloxacin in the total flora of the human 
hand due to the effect of time since antibiotic use.
Last Used Observed Expected
1 month 5 3.3

3 months 3 1.1

6 months 1 1.6

Year 1 5.3

2+ years 13 10.6

Never 2 3.1
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