©O© 00 NO UL W N P

ADBRADAMDREMDINMADNDNDEWWWWWWWWWWNNNNNNMNNNNNRERRPRRRPRPRPRPR
© O VO BRNMNPOOOMNOONNWWNPRPOOONOUWURWNRPELROO®OW~N®®UNOWNLEREO

Do You Know Your Sh*t?
Students’ Awareness, Attitude, and Perception abouturrent and Relevant Events in
Microbiology

Keywords: education, fecal transplant, SENCER microbiologyrse, student learning outcomes

ABSATRCT

Aims: To probe the knowledge, insight and attitude ofdshis who had previously taken a traditional
microbiology class and those who had not been egtisany relevant knowledge of microbiology.
Methodology: A total of 228 undergraduate students participateslirvey containing 22 questions. The survey
was collected from 99 microbiology students (caljeoup 1, with a 90.9% completion rate), and frd28 hon-
microbiology students (called group 2, with a 10@®&mpletion rate). The survey focus was on students
general knowledge of bacteria, in particular bemneffibacteria, where they exist, what happens énléick or
absence of them; the usage/misusage of antibigigseral knowledge about poop, and what it is nzddand
fecal transplant as an example of the new medicateulures available today that use live microbes as
alternative treatments.

Results: Our results show that current and relevant togicsil be included in the curriculum of microbiology
courses to motivate students to engage in theifeppnocess.

Conclusion: We conclude this approach will not only inform stats about the current knowledge of the field,
but will also increase motivation among studentsctvileads to spending more time on task and deiredop
better understanding of the subject matter and-teng retention of the learned concepts.

INTRODUCTION

“Professor, it seems you know your sh*t... pardgnlamguage”! This is what one of my students tolel aih the
end of a microbiology class. | smiled as | knew twtae meant, while | was also thinking that | h&ually
found the theme for my future SENCER (Science Etiloicdor New Civic Engagements and Responsibiljties
microbiology courses! To design the course, webeedited and conducted a survey to probe the kngejed
insight, and attitude of students who had previpteken a traditional microbiology class (groupa%)well as
those who had not been exposed to any relevant lkdge of microbiology (group 2). This study focused
general knowledge of bacteria, in particular benefibacteria, where they exist, what happens énléck or
absence of them; the usage/misusage of antibigtiesgeneral knowledge about poop, and what itaderof;
and fecal transplant, which is one of the new nagicocedures available today.

Bacteria are unicellular organisms that are chareed by peptidoglycan cell walls and a singlecwdar
chromosome. Without the help of bacteria, the waddve know it would not exist. Bacteria are esakfur
the life of every multicellular organism. There ar®re bacterial cells in and on the human body tten
number of human cells in the body. The human bawytains approximately 10 trillion human cells while
playing host to roughly 90 trillion bacterial cells

These bacteria make up the normal flora of ourdmdnd are found on our skin, eyes, nose, uppgiraesy
system, mouth, large intestine, and reproductigams [1]. Bacteria play important roles in our bedtom
synthesizing vitamins to protecting against possipathogens through competitive exclusion [2], [3].
Antibiotics often kill not only the targeted bacgerbut other bacteria which are not pathogenitherintended
target of the prescribed antibiotic. Eliminatingrembacteria that might be beneficial to the humaatylcould
put the body in a situation that leads to othembjmms. The human body is an ecosystem comprisesl of
multitude of non-pathogenic microorganisms. By eratihg beneficial bacteria from the human microb&
we are potentially causing more harm than good.



50 Alternatives to the use of antibiotics are needettéat diseases. Overuse and abuse of antibivdisded to
51  many pathogenic bacteria becoming resistant tdiatitts. Antibiotic resistance is one of the woslgiressing
52  public health problems. One alternative to the aofsantibiotics is fecal microbiota transplantatiam, FMT,

53  which is used to treat infections caused@gstridium difficile, a bacterium known for causing severe and
54  sometimes fatal diarrhea. Fecal microbiota traargpkion is one of the new successful alternatpfge@aches
55  for treatment. FMT is a procedure in which donaosis transplanted into a patient to reestablishriormal
56  microbiota of the colon. Stool is collected frond@anor and screened for parasites, bacté€iaifficile, and
57  other potential risks. Donor stool is diluted, stesl and transplanted into the patient either masogastric
58 tube, colonoscopy/endoscopy, or enema [4], [5], [6]

59

60 To understand and appreciate FMT and the scienteediuman microbiome, you need to understand Gow
61 difficle bacterium causes the disease. “Roughly 3 perdahegopulation (and perhaps as much as 15 percent
62  of the elderly population) carries tl@ difficle bacterium. The organism usually lives benignlythe gut; it
63 makes trouble only after the carrier undergoes ctieenapy, antibiotic therapy, or some other disapto the
64 gut’s normal ecology. When that happe@sdifficle can run wild, causing long days of watery, graaged

65 diarrhea. (Roughly 14,000 Americans, most of théderéy, are estimated to die from the illness egehr).

66  Fecal transplantation resolv€sdifficle illness by restoring a healthier ecosystem topéugent’s gut, undoing
67  whatever insults were done by chemotherapy or @aitis.” [6, § 12 & 13]

68

69  Fecal microbiota transplantation is very effeciiveuring infections caused Iy, difficile. FMT has a success
70  rate that is over 90% [7]. A randomized study pshdd in January 2013, compared the effectiveneBMafto

71 vancomycin and to vancomycin with bowel lavagethat study, cure was defined as having no diarvida
72 three negative stool tests 1Or difficile, while relapse was determined as a positive sesblwith diarrhea. The
73 group that was assigned to receive FMT had a aieeaf 81% after the first fecal infusion. Afteleteecond
74 infusion, 94% of these patients were cured. Ofpiigents that received vancomycin only 31% weredwand
75  of the patients that received vancomycin with bolaghge only 23% were cured. The study was enddy ea
76  and those that were given antibiotics were offdfBtI'. The recurrence of infection five weeks aftreatment
77  was 6% in the FMT group, compared to 62% in thecaarycin group and 54% in the vancomycin with bowel
78 lavage group [4]. In our study, we surveyed stuslérdm both group 1 and group 2 classes to findhowt

79  much they knew about bacteria, antibiotics and|fe@asplantation as one of the alternatives toube of
80 antibiotics for treatment of certain diseases.

81

82 METHOD

83  Using related literature and microbiology coursetarials, pool of questions were generated to fanusand
84  cover the intended surveyed topic. The instructat tree students then discussed each questiomg tns
85 following criteria: why the questions needs to Is&eal, and how the information obtained from thestjoas
86 can be used to validate the study. Upon complé¢kiagprocess, we created a 22 multiple choice questirvey
87 that questioned the respondents’ knowledge of badtegeneral, bacteria in the human body, thpaedents’
88 use of antibiotics, and knowledge of fecal trans{daas a medical treatment. Surveys were thenliistd to
89  students in microbiology (group 1) and non-micrddngy (group 2) classes at Harold Washington College
90 Chicago, lllinois. As data was collected, we sefmtdhe surveys into two groups: students who haken
91  microbiology courses, named group 1, and those kdtbnot, named group 2. We carefully categorizetl an
92 analyzed students’ responses and drew conclusiomsthe data collected from both groups.

93

94  Data collection, analysis and interpretation

95

96 In collecting data and gathering responses fromtarget populations, the survey was administratedugh

97  SurveyMonkey. Some students responded directtytre SurveyMonkey system while the majority turimed
98  paper survey forms; therefore most of the datawasually entered in by surveyors from these sufoeys.

99  SurveyMonkey automatically calculated the data éach question and generated a report detailing the
100 percentage of how often an answer was chosen ttothlenumber of people that answered that questibm
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analyze the data the authors reviewed the restiéach question, made comparisons between whagrsisid
stated in group one versus group two, and usedigage statistics to interpret the results. Figathe authors
consulted two additional colleagues to individuabnfirm the results, and interpretation of thead&/henever
a disagreement on the interpretation arose, bolleagmes and the authors conferred to reach a osuse
interpretation.

SURVEY RESULTS

General Results

A total of 228 surveys were conducted with studexttslarold Washington College. Of the surveys ctdid,
99 (with a 90.9% completion rate) were from grouantl 129 (with a 100% completion rate) were fromugr
2.

Detailed Results

Whereas the majority, 73.1%, of group 1 knew thdy @ few bacteria are pathogenic, only 22.7% oiugr2
knew this (shown in Fig. 1). Despite backgroundwiealge on bacteria, more than half of both groupeed
that bacteria can become pathogenic if the envissring altered.

28.00% -
B> 7004

11.70%

Fig. 1 Student responses to Survey Question 5

More than half of both groups surveyed believe iracly that our bodies have more human cells theanterial
cells; 56.2% of the group 1 students and 68.2%rofig 2 students were erroneous. More than 4/5982d%
students who took microbiology courses thought nh@aeteria live in the large intestines than anyepthart of
the human body, however less than 1/5, 14.7%,unfesits who had not taken a microbiology coursesbet
the same (shown in Fig. 2).

Bacteria exsist in all parts of the human body, but
there is more bacteria:
m Microbiology Group (Group 1) Nonmicrobiology Group (Group 2)
82.60%
45%
17.80% 150, 470% 19.40%
4.30% 0 o0, 3.10%
- 0% 0%
On skin In mouth In large Under On feet
intestines/colon  fingernails

Fig. 2 Student responses to Survey Question 7

Results on questions regarding medication use shaolat 47.3% of group 2 students take antibiotlosoat
every time they get sick, or when they get coldsherflu, whereas 88.9% of group 1 students takiiatics
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very rarely, and only when they will not recoveorfr their illness without them (shown in Fig. 3).2% of
group 1 indicated that they take antibiotics as@ibed and only when they have infections caugdablteria,
only 52.3% of group 2 students stated the same.

[ use antibiotics:

mMicrobiclogy Group (Group 1) Naonmicrobiology Group (Group 2)

0
3
=)
3
=

ey

T gel sick

Fig. 3 Student responses to Survey Question 11

Results on questions regarding FMT showed that%aBgroup 1 students and 77.2% of the group 2estisd
have never heard of a fecal transplant before (shawrig. 4). Only 67.8% of group 1 and 34.1% ofup 2
students were aware that a fecal transplant is&iasia stool transplant. The majority of both guewsay that
their knowledge of fecal transplant before takihg tsurvey was between 0% - 25%. Only 32.6% of grbu
students and 21.8% of group 2 students indicatadtheir knowledge of a fecal transplant beforengkhis
survey was between 50-100%. Roughly half of botiugs, 48.9% of students who have taken microbiology
(group 1) and 52.7% who have not (group 2), say tthey do not have enough knowledge to decided§ th
would get a fecal transplant if it were recommenbgdheir doctor.

B Microbiclogy Group (Group 1) Nonmicrobiolozv Group (Group 2)

77.20%

42 20%

22.80%

Yes No

Fig. 4 Student responses to Survey Question 14

The last question on the survey addressed the rggid®rthcoming educational plans (shown in Fig.5)
According to the results of this question, 84.2%godup 1 indicated that they will or may continughw
microbiology studies in the future to learn moremifarly, 70.5% of group 2 stated the same.
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Are vou planning fo increase yaur knowledge

advanced microbiology courses in the future?

mMicrobiology Group (Group 1) Nonmicrobiology Group (Group 2)

19.60%
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ANALYSIS AND CONCLUSION

A recent study shows motivation and study habits rmaentioned most frequently as the root cause Behin
student failure at the college level [8]. “Motivanti influences students’ attitudes, study habitadamic
readiness, etc. Students who have a good undeirsgaiod the content being taught are generally more
motivated and have a more positive attitude and trave a greater chance of doing well in their sthmrk”

[8]. The results from our study showed that mormnthalf of the students of both groups were intetes
learning more about microbiology. More than half,&%, of group 1 and over 3/4, 77.2%, of group 2eha
never heard of a fecal microbiota transplant practhis survey. Incorporating relevant and curtepics into a
class can generate motivation and spark more sttex@ only during the class, but also precedirgdiass.
Students will enter the class prepared to talk laadch about the most recent discoveries and betaldeply
what they would be learning to their everyday livBg combining the two, students would be ablege sow
they can identify and address issues of public eanclrhe key goal for these classes is to increastévation
and allow the students to engage in the changeasnted to be implemented in the sciences so thay ca
participate in the charge of their own education.

Student-based and current topic-based class mailoirc will attract more students to science, tetbog
engineering, and mathematics (STEM) classes, ard ppssibilities for those students to educaterstba
what they believe to be important when it cometh&r chosen topic. Using fecal transplants addbée for a
microbiology SENCER class has already sparkedastan students. During their education, studenlisnat
only gain experience on the latest learning skbist will also be prepared to do research indepathdand
with a set goal in mind. Such changes will bertbim and the society in which they live. Howevars tgoal
cannot be achieved without a critical look at ouis#ng educational system. Today, this system duoms
leverage these types of ideas to benefit studemtsteachers. A majority of the time, classes avgtiawith
material straight out of the textbook. It is ranatta student has input on the course contentctada what he
or she believes to be an important and interesbp@ to study. How can we get students more ineland
accountable for their learning? We propose thatg classes are taught needs to be changed. ®yiadj the
student and professor to create a topic that metatéhe subject of the class, both the studentlamteacher can
set goals that will still follow key learning outoes that need to be taught and incorporate thesrthetchosen
topic. According to the President of the UniversifyHouston, Bill Flores, “we must move from thadeer as
prisoner (in a system that not only locks in thedent, but also the teacher), to the learner asortp
stimulating their creativity, allowing them to erpt new worlds” [9]. With enrollment in the field$ science,
technology, engineering, and mathematics (STEMhkimg, teachers are faced with the problem of appg
to a new generation of students without sacrifiedgcational quality [10].Exploring unusual or camporary
topics, methods and procedures (or “New WorldsKe lfecal transplant can stimulate the minds of many
students, and motivate students to invest timees&ilgy in their own learning [8]. Furthermore,sitalso the
main goal of SENCER course programs, as clearlydta its mission, to strengthen student learrang
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interest in STEM field by connecting course topigsssues of critical local, national, and globalportance
[11].

Our data support the SENCER course programs asageliaim that integrating the current and releesents
in Microbiology pique the interest among studemtsmicrobiology and science in generaDver 75% of
students surveyed (groups 1 and 2 combined) shavtekst in taking a microbiology class after coetiplg
the survey (both yes and maybe answers are includeg@roaching microbiology from a different perspee
can make the class motivating instead of tediousindgJ contemporary topics like fecal transplant &ea
interest in students and changes their perspeatiaet only microbiology, but the sciences as a haAnother
benefit to this form of teaching is that the topamn relate to an issue going on in their commufity example,
almost 50% of subjects in group 2 (lay people) ey take antibiotics almost every time they gek,sor
when they get colds or influenza. Coupling antilsiotisinformation and misuse of antibiotics, as|vesl easy
access to different kinds of medication availaledrugstores with no medical prescription (as olesbrin
many countries worldwide) creates potential pubitiealth problems. Non-pathogenic microorganisms
beneficial to human health may be eliminated; idioh infection with certain pathogenic microorgans
may increase (for exampl€, difficile infections). What we are trying to do at Harold shiagton College is to
create awareness of research into medical alteasatand contrast them with traditional forms ofdiation.
Fecal transplants have shown promising resultsfamdiore people are educated on the subject, the Ikely
they are to engage their doctors in discussiomtbthe treatment that is best for them. Today, éwew public
awareness and support are needed since only ddbewatories are equipped to screen would-be dostwsl
for the vast array of viruses, parasites, and otlerditions that might make their feces too dangerto
transplant, and most hospitals simply don’t haweqwols in place for stool transplants.” [6, 5]

In short, we conclude that current and relevanicto@are needed to be included in the curriculum of
microbiology courses to motivate students to engaglee learning process. This approach will ndyamform
students about the current knowledge of the field,will also increase motivation among studenét thads to
spending more time on and developing a better staleding of the subject matter and long-term retanf

the learned concepts. All this will in turn lead aomore positive attitude toward science in genaral
microorganisms in particular among students. Ttristesgy is one solution to increase the students erter
the STEM fields in the next decade.
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Part 1: Personal Information

1. What is your major?

. Science (non- medical)
. Science (medical)
Non- science

N

. Number of years at college?

1 or less
2
3
4+ years

3. Gender?

Male
Female
No answer

Part 2: How well do you know bacteria?

4, Bacteria are:

. Living organisms
. Nonliving things
Part of viruses

5. Bacteria are:

. All pathogenic (disease causing)
The majority of them are pathogenic
Half of them are pathogenic

Only a few of them are pathogenic

6. The beneficial bacteria:

. Will never become pathogenic
Can become pathogenic
Some can become pathogenic when the environmatiered.

7. Bacteria exist in all parts of the human body, there is more
bacteria:

On skin

In mouth

. In large intestines/ colon
. Under fingernails

On feet

MooO®W» OW» DOWP OWP 0> TOWP OWp

8. Would a lack or absence of bacteria be benéfiwithe human
body?

. Of course, bacteria are gross and make you sick.

. Getting rid of some may be good, but not allhefm, we need
certain kinds.

C. All the bacteria are beneficial to the humanybod

W >

Part 3: Bacterial Medical Treatment and You

9. My body is made up of :

A. More human cells than any other types of micgaoism cells
in or on the body.

B. More bacterial cells than human cells.

C. More viral cells than human cells.

10. If you had to choose an option for medicatiment, you
would choose:

A. Treating illness using harmless (non-pathogebicteria.
B. Taking a medicine like an antibiotic.

C. A medical procedure (like surgery)

D. Any of the above as long as it is recommended medical
doctor.

E. None of the above

11. | use antibiotics:

A. When | am sick like with the cold or flu

B. For any infection | get, just about every timget sick.

C. Very rarely, | try not to take them and onlygdkem if my
doctor says | will not get well without using théon my
infection.

D. | never use antibiotics.

12. Do you abuse and/ or misuse medications suahtésotics?

Of course not, | take them exactly as prescribé tinere are no
more left and only when | have infections causedasteria.

B. Of course not, | take them until | feel bettaddéave no more
symptoms.

C. Of course not, | take them every time | get sick

D. | have taken antibiotics that were not presditteeme, or |
have given someone some of my prescribed antisiotic

E. Not applicable; | never use antibiotics.

Part 4: How well do you know your poop?

13. My poop is made up of:

A. All organic waste materials, there isn’t any tegia in my
poop.

B. Waste materials, and less than 15% of its nebagdteria.
C. Waste materials, and about 40% of its total risaastually
made up of bacteria.

D. Waste materials, and more than 70% of its toks is
actually made of bacteria.

A. Yes
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14. Have you ever heard of a fecal transplant?

No

15. Fecal transplant is:

. Stool transplant from a healthy individual irg@ecipient.
. Tissue transplant from a healthy individual iateecipient.
. Organ transplant from a healthy individual iateecipient.
. All of the above

. None of the above

16. The process of transplantation of fecal baetieom a healthy
individual into a recipient as a treatment for pats suffering from,
for exampleClostridium difficile infection (CDI) which causes
diarrhea to pseudomembranous colitis, is knowreeal fransplant,
Who would be the best candidate for this procedure?

. A patient with diarrhea.

. A patient who lost all his/ her established narmicrobiota in
the large intestines.

C. A person who would like to live longer.

WP Moowp| w

17. Fecal transplant involves single or multiplgions of
bacterial fecal flora originating from a healthynde. Donors must
be tested for a wide array of bacterial and pacasitections.
Therefore the best donor is:

A. A close relative because the genetic similaite differences
do affect the success of the procedure.

B. Not a close relative because a close relative lmaan
asymptomatic carrier of, for example difficile, a disadvantage.
C. The genetic similarities or differences do nupear to play a
role in the success of the procedures as longeadahor is tested
for a wide array of bacterial and parasitic infens.

D. Don't have enough information to provide an a@mnabout
this question.

A. Yes
18. Would you accept a fecal transplant if your imalddoctor B. No way
suggested it to you? C. I don’t have enough knowledge to make a decision
D. | don’t know
A. 0%
19. Before this survey, how would you assess yoom#edge of B. 25%
fecal transplants and it as an effective mediegttment? C. 50%
D. 75%
E. 100%
A. A donor who is a genetically close relative
20. Given all things are equal, if | have to reeeivfecal transplant, B. A donor who is not a genetically close relative
| would select: C. A healthy donor regardless of whether or notshe/is a

genetically close relative.

21. Given all things are equal, if | have a fecahsplant, | would
select a donor who is:

A. A baby donor

B. A child donor

C. A teenage donor

D. A young adult donor.

E. A grown up donor

F. A donor who is much older than me.

22. Are you planning to increase your knowledgeuabo
microorganisms, by taking introductory or advanogdrobiology

courses in the future?

A. Yes
B. No
C. Maybe




