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

Keywords: education, fecal transplant, project-based miclolgypcourse, 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
collected from 129 nonmicrobiology group (with 200 completion rate) and 99 were from the microlgglo
group (with a 90.9% completion rate). The survegus was on students’ general knowledge of bacteria
particular beneficial bacteria, where they exidtaivhappens in the lack or absence of them; thgedisésusage
of antibiotics; general knowledge about poop, amaiwt is made of; and fecal transplant as an eXamwipthe
new medical procedures available today that ugeriicrobes as alternative treatments.

Results: Our results show that current and relevant togicaikl 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 studentsctvireads 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... pardonlanguage” This is what one of my students toldahée
end of a microbiology class. | smiled as | knew twtae meant, while |1 was also thinking that | héally
found the theme for my future SENCER (Science Etioicdor New Civic Engagements and Responsibiljties
microbiology courses! To design the course, webeetited and conducted a survey to probe the kngeled
insight, and attitude of students who had previpteken a traditional microbiology class as weltlasse who
had not been exposed to any relevant knowledgei@bbology. This study focused on general knowkdd
bacteria, in particular beneficial bacteria, whrey exist, what happens in the lack or absenaheh; the
usage/misusage of antibiotics; the general knovdeatgput poop, and what it is made of; and fecalspriant,
which is one of the new medical procedures avasl&tdiay.

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

These bacteria make up the normal flora of ourdmdind are found on our skin, eyes, nose, uppeira&sy
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 badggrbut other bacteria which are not pathogenitherintended
target of the prescribed antibiotic. Eliminatingreobacteria that might be beneficial to the humaatylcould
put the body in a situation that leads to othebjmms. The human body is an ecosystem compriseal of
multitude of non-pathogenic microorganisms. By e&ratihg beneficial bacteria from the human microb&
we are potentially causing more harm than good.

Alternatives to the use of antibiotics are needett¢at diseases. Overuse and abuse of antibivdisded to
many pathogenic bacteria becoming resistant tdiatitts. Antibiotic resistance is one of the woslgiressing
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public health problems. One alternative to the afsantibiotics is fecal microbiota transplantatian, FMT,
which is used to treat infections caused@gstridium difficile, a bacterium known for causing severe and
sometimes fatal diarrhea. Fecal microbiota traargpkion is one of the new successful alternatpfgr@aches
for treatment. FMT is a procedure in which donaosis transplanted into a patient to reestablishriormal
microbiota of the colon. Stool is collected frondanor and screened for parasites, bacté€idifficile, and
other potential risks. Donor stool is diluted, steal and transplanted into the patient either masogastric
tube, colonoscopy/endoscopy, or enema [4], [5], [6]

To understand and appreciate FMT and the scientteediuman microbiome, you need to understand Gow
diff bacterium cause the disease. “Roughly 3 percettieopopulation (and perhaps as much as 15 peofent
the elderly population) carries tl@ diff. bacterium. The organism usually lives benignlyha gut; it makes
trouble only after the carrier undergoes chemotherantibiotic therapy, or some other disruptiortite gut’s
normal ecology. When that happefs,diff. can run wild, causing long days of watery, graagedd diarrhea.
(Roughly 14,000 Americans, most of them elderly astimated to die from the illness each year)caFe
transplantation resolveés. diff. illness by restoring a healthier ecosystem topteent’s gut, undoing whatever
insults were done by chemotherapy or antibiotif.'f 12 & 13]

Fecal microbiota transplantation is very effeciiveuring infections caused gy, difficile. FMT has a success
rate that is over 90% [7]. A randomized study pshed in January 2013, compared the effectiveneBMafto
vancomycin and to vancomycin with bowel lavagethat study, cure was defined as having no diarvda
three negative stool tests 10r difficile, while relapse was determined as a positive sesbiwith diarrhea. The
group that was assigned to receive FMT had a aieeaf 81% after the first fecal infusion. Afteretsecond
infusion, 94% of these patients were cured. Ofpilgents that received vancomycin only 31% wereduwnd
of the patients that received vancomycin with bolaghge only 23% were cured. The study was enddy ea
and those that were given antibiotics were offd¢®tl. The recurrence of infection five weeks afteratment
was 6% in the FMT group, compared to 62% in thecaanycin group and 54% in the vancomycin with bowel
lavage group [4]. In our study, we surveyed stuslér@m both microbiology and nonmicrobiology classe
find out how much they knew about bacteria, antibgoband fecal transplantation as one of the altéres to
the use of antibiotics for treatment of certairedses.

METHOD

Using related literature and microbiology coursetemals, pool of questions were generated to fanusand
cover the intended surveyed topic. The instructat toree students then discussed each questiong s
following criteria: why the questions needs to Is&eal, and how the information obtained from thestjoas
can be used to validate the study. Upon complékiagporocess, we created a 22 multiple choice aod sesay
guestion survey that questioned the respondentsvlatige of bacteria in general, bacteria in the &utnody,
the respondents’ use of antibiotics, and knowlealgecal transplants as a medical treatment. Sgrvesre
then distributed to students in microbiology andimaicrobiology classes at Harold Washington Collége
Chicago, lllinois. As data was collected, we sefmtdhe surveys into two groups: students who haken
microbiology courses, named the microbiology groapd those who had not, named the nonmicrobiology
group. We carefully categorized and analyzed stisdeesponses and drew conclusions from the ddlected
from both groups.

SURVEY RESULTS

General Results

A total of 228 surveys were conducted with studeitslarold Washington College. Of the surveys ctdld,
129 (with a 100% completion rate) were from the mamobiology group and 99 (with a 90.9% completion
rate) were from the microbiology group.

Detailed Results
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Whereas the majority, 73.1%, of microbiology gratpdents knew that only a few bacteria are pathogen
only 22.7% of the nonmicrobiology group studentewrthis (shown in Fig. 1). Despite background krezigie
on bacteria, more than half of both groups agréad bacteria can become pathogenic if the enviromnse
altered.

2
2

(disease-causing) them are pathogenic pathogenic

Fig. 1 Student responses to Survey Question 5

are pathogenic

More than half of both groups surveyed believe irexly that our bodies have more human cells theanterial
cells; 56.2% of the microbiology group students &&2% of the nonmicrobiology group students were
erroneous. More than 4/5, 82.6%, of students wbé toicrobiology courses thought more bacteria livéhe
large intestines than any other part of the hunwyphowever less than 1/5, 14.7%, of students dtb not
taken a microbiology course believed the same (showrig. 2).

Bacteria exsist in all parts of the human body, but
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Fig. 2 Student responses to Survey Question 7

0% 0% 3.10%

Results on questions regarding medication use stholna 47.3% of the nonmicrobiology group studesay
they take antibiotics almost every time they geksor when they get colds or the flu, whereas 88d the
microbiology group students said that they takebaotics very rarely, and only when they will nacover
from their illness without them (shown in Fig. 92.2% of microbiology group students indicated thaly take
antibiotics as prescribed and only when they hantections caused by bacteria, only 52.3% of
nonmicrobiology group students stated the same.
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Fig. 3 Student responses to Survey Question 11

Results on questions regarding FMT showed that% 708 microbiology group students and 77.2% of the
nonmicrobiology group students have never heamlfetal transplant before (shown in Fig. 4). Ority886 of
microbiology group students and 34.1% of the nomobiology group students were aware that a fecal
transplant is basically a stool transplant. Theamiy of both groups say that their knowledge otdie
transplant before taking this survey was between-@%%. Only 32.6% of microbiology group studentsl a
21.8% of the nonmicrobiology group students indidathat their knowledge of a fecal transplant betaking
this survey was between 50-100%. Roughly half othbgroups, 48.9% of students who have taken
microbiology and 52.7% who have not, say that th@yot have enough knowledge to decide if they dqeit

a fecal transplant if it were recommended by tbettor.

Fig. 4 Student responses to Survey Question 14

The last question on the survey addressed the rdggidimrthcoming educational plans (shown in Fig.5)
According to the results of this question, 84.2%h& microbiology group students indicated thai tivdl or
may continue with microbiology studies in the f@wo learn more. Similarly, 70.5% of nonmicrobiofagroup
students stated the same.



Are you planning to increase your knowledge

.
bt
=)
=
K

N

<

.

I

S

- 15.70% -

[ [ -
146 . Yes No Maybe -
147  Fig. 5 Student responses to Survey Question 22
148

149  ANALYSIS AND CONCLUSION

150 A recent study shows motivation and study habits rmentioned most frequently as the root cause tehin
151  student failure at the college level [8]. “Motivati influences students’ attitudes, study habitgdamic
152  readiness, etc. Students who have a good undeirsgaid the content being taught are generally more
153  motivated and have a more positive attitude and tfave a greater chance of doing well in their sthark”
154  [8]. The results from our study showed that momnthalf of the students of both groups were intetkn
155  learning more about microbiology. More than half,8%, of microbiology group students and over 3/42%,
156 of the nonmicrobiology group students have neverdh@f a fecal microbiota transplant prior to thigvey.
157  Incorporating relevant and current topics into asslcan generate motivation and spark more intecésinly
158  during the class, but also preceding the classde®iis will enter the class prepared to talk andhledout the
159  most recent discoveries and be able to apply wiggt would be learning to their everyday lives. Bynbining
160 the two, students would be able to see how theydmrtify and address issues of public concern. Kéyegoal
161 for these classes is to increase motivation armmvathe students to engage in the changes that toebd
162  implemented in the sciences so they can participatee charge of their own education.

163

164  Student-based and current topic-based class maiildfic will attract more students to science, tetboyg
165 engineering, and mathematics (STEM) classes, ard ppssibilities for those students to educaterstba
166  what they believe to be important when it cometh&r chosen topic. Using fecal transplants addbe for a
167  microbiology SENCER class has already sparkedeastan students. During their education, studenkisnat
168  only gain experience on the latest learning skblst will also be prepared to do research indepathdand
169  with a set goal in mind. Such changes will beni@m and the society in which they live. Howevais tgoal
170  cannot be achieved without a critical look at oxistng educational system. Today, this system duoas
171 leverage these types of ideas to benefit studemdsteachers. A majority of the time, classes anghtwith
172 material straight out of the textbook. It is ranatta student has input on the course contentctada what he
173 or she believes to be an important and interegbpg to study. How can we get students more ineland
174  accountable for their learning? We propose thathg classes are taught needs to be changed. ®yirad) the
175  student and professor to create a topic that metatéhe subject of the class, both the studentlamtkacher can
176  set goals that will still follow key learning outoes that need to be taught and incorporate thesrthietchosen
177  topic. According to the President of the UniversifyHouston, Bill Flores, “we must move from thadeer as
178  prisoner (in a system that not only locks in thedsnht, but also the teacher), to the learner asoesp
179  stimulating their creativity, allowing them to ergpé new worlds” [9]. Exploring unusual or contemgry
180  topics (or “New Worlds”) like fecal transplant caimulate the minds of many students, and motisatdents
181  to invest time and energy in their own learning [8]

182
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Our data support the claim that integrating theenirand relevant events in Microbiology pique ihierest
among students in microbiology and science in gdneRoughly 80% of students in each group showed
interest in taking a microbiology class after coetiplg the survey (both yes and maybe answers ahedied).
Approaching microbiology from a different perspeetcan make the class motivating instead of tedidssg
contemporary topics like fecal transplant creatgsrest in students and changes their perspectinetconly
microbiology, but the sciences as a whole. Anobesrefit to this form of teaching is that the topan relate to
an issue going on in their communigor example, almost 50% of subjects in the nonrbiotogy group (lay
people) say they take antibiotics almost every tihey get sick, or when they get colds or the Tlhe easy
access by the population to different kinds of romis in the drugstores, with no medical presaiptias
observed in many countries) may be considered enpat public health problem because the resistarice
certain pathogenic microorganisms to antibioticy marease (as exampl€, difficile infections). In addition,
non-pathogenic microorganisms, beneficial to thendéw health may be eliminated. What we are tryindaat
Harold Washington College is to create awarenesssgfarch into medical alternatives, and conthasthtwith
traditional forms of medication. Fecal transplahtsse shown promising results and the more peome ar
educated on the subject, the more likely they arengage their doctors in discussion to find teattnent that

is best for them. Today, however public awarenesssaupport are needed since only a “few laboragcare
equipped to screen would-be donors’ stool for thet\array of viruses, parasites, and other comditibat
might make their feces too dangerous to transpéart, most hospitals simply don’t have protocolplace 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 engagiee learning process. This approach will ndyanform
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. Ttrigtesgy is one solution to increase the students &rter
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

2. 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 environimatiered.

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

Moow» 0> Dow» OWPO0E» DO 0w

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

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

. Getting rid of some may be good, but not allrefm, 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 micganism 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 medicadtiment, 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 prescribéd tinere are no
more left and only when | have infections causedésteria.

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

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

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

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 nsabagteria.
C. Waste materials, and about 40% of its total nsastually
made up of bacteria.

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

14. Have you ever heard of a fecal transplant?

Yes
No

15. Fecal transplant is:

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

. None of the above

16. The process of transplantation of fecal baztieom a healthy
individual into a recipient as a treatment for gats 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.

W MOUOW>»> WP

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

A. A close relative because the genetic similegitie 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 amnabout
this question.

A. Yes
18. Would you accept a fecal transplant if your ioaiddoctor 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 medieglttment? C. 50%
D. 75%
E. 100%
A. A donor who is a genetically close relative
20. Given all things are equal, if | have to reeedvfecal 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




