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Abstract: Human microbiota have a significant impact on the health of individuals, and recipro-
cally, lifestyle choices of individuals have an important effect on the diversity and composition
of microbiota. Studies assessing microbiota knowledge among the public are lacking, although it
is hypothesized that this knowledge can motivate healthier behavior. Hence, this study aimed to
measure microbiota knowledge among university students, and the effect of this knowledge on
behavioral beliefs. A descriptive cross-sectional study was conducted among students from various
fields of study enrolled at the University of Jordan, using an online questionnaire. The questionnaire
consisted of 3 parts: demographics, general knowledge of microbiota, and behavioral beliefs related
to microbiota. Four hundred and two responses were collected from verified university students.
Participants were divided into two groups depending on whether they took a formal microbiology
course (45 h) or not. Results from those two groups were compared using appropriate statistical
methods. Results showed that most participants, even those who did not take a formal microbiol-
ogy course, displayed good knowledge of what microbiota is and how they can be influenced by
personal and environmental factors. Participants who took a microbiology course had significantly
higher microbiota knowledge scores and were more aware of the effect of antibiotics on microbiota.
Participants’ behavioral beliefs regarding their antibiotic use, but not their diet and lifestyle choices,
were affected by their knowledge of microbiota. The study indicates that disseminating knowledge
regarding microbiota and microbiology in general, can improve behaviors related to antibiotic use.

Keywords: microbiota; knowledge assessment; university students; microbiology literacy

1. Introduction

Microorganisms have a great impact on human health and disease, whether as part of
the microbiota on the skin, gut, and mucosal surfaces of humans, or as free-living infectious
and non-infectious agents. Discovery of the role of microorganisms in transmitting infec-
tions in the late 19th century caused a gradual shift in public attitudes regarding infectious
disease control and pathogenesis [1], which consequently led to a significant reduction in
rates of transmissible diseases [2]. Similarly, the past few decades have witnessed great
steps in the understanding of human microbiota, aided by molecular and biochemical
tools that elucidated the diversity and variation of microbes across populations and health
states [3]. The wealth of data available indicates that everyday choices regarding diet,
exercise, and hygiene can affect human microbiota [4,5]. Indeed, individuals have a unique
microbial signature that depends largely on their interactions with the environment [6,7].

Perturbation of microbiota was shown to be associated with several diseases, such
as inflammatory bowel diseases [8], atopic dermatitis [9], and cancer [10] among others.
Knowledge of microbiota and how they affect health can lead individuals to healthier
lifestyle choices, such as consuming a high fiber diet [11], exercising regularly [12], or
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using antibiotics wisely [13]. This is supported by studies measuring knowledge in health-
related issues such as antibiotic use or precautionary measures towards infectious diseases,
which indicate that knowledge of a certain issue is often manifested in behavior and
attitudes [14,15]. Knowledge of microbiological concepts among the public, including
microbiota, is expected to affect decisions on a social level as well, since it can guide
decision-makers [16].

Previous studies related to knowledge of microbiota focused mainly on the thera-
peutic aspect of microbiota, such as probiotics [17,18], and fecal microbiota transplant
(FMT) [19,20], with the populations tested consisting mainly of professionals and students
in healthcare.

This descriptive cross-sectional study aimed to measure knowledge of university
students from various fields of study on the topic of microbiota, firstly, to understand
how students perceived microbiota and how they are affected by antibiotics, and secondly,
to assess students’ attitudes towards consuming probiotics, as well as behavioral beliefs
regarding the effect of microbiota knowledge on lifestyle choices, diet, and antibiotic use.

2. Methods
2.1. Study Population and Design

This was a descriptive cross-sectional study. The sample consisted of students from
all schools enrolled at the University of Jordan. The University of Jordan has around
49,000 students enrolled in various programs across 24 schools. Data were collected from
healthcare schools (e.g., Medicine, Dentistry, Pharmacy, Nursing), and non-healthcare
schools (e.g., Physics, Mechanical engineering, Law, Business, Arts).

The study was conducted using an online questionnaire created on Microsoft Forms
and delivered to students in the period between 31 January and 9 February. In order to
ensure that participants are currently students at the University of Jordan, they needed
to sign in with their university e-mail that only contains their initials and their student
ID, which cannot be used to identify the students. The questionnaire was posted on all
online groups that the students use for communication within each school. In addition,
representatives from each school were contacted to help us distribute the questionnaire
among students.

2.2. Questionnaire Design

The first page of the questionnaire included an informed consent form, as well as a
description of the contents of the questionnaire, what it aims to study, and the confiden-
tiality of the data. It was written in both Arabic and English. The questionnaire was at
first pilot tested on 30 students, and modifications were done accordingly. The question-
naire consisted of 33 questions divided into three sections: (1) Demographics and general
information about the participant, (2) general knowledge about bacteria, microbiota, and
antibiotics, and (3) general attitude and lifestyle choices that can affect microbiota.

The demographics and general information section included questions about age, sex,
field of study, academic year, and the level of knowledge about bacteria. The knowledge
level choices were (Poor knowledge, if you never read or taken a course that discusses
bacteria. Basic knowledge, from personal reading or biology classes. Advanced knowledge,
if you took at least one microbiology course at university). The questionnaire also studied
if the participants would like to learn more about microbiota, and what sources they would
prefer to learn from.

The knowledge section consisted of 15 questions with 5 possible answers for each
question: “I don’t know, definitely not, probably not, probably, and definitely”. The
answers “probably and definitely” are referred to as “agree” in the results section and the
answers “definitely not and probably not” are referred to as “disagree”, while the answer “I
don’t know” is referred to as “uncertain”. The statements used estimated the participants’
knowledge about microbiota as well as the effect of antibiotics on microbiota. To score
microbiota knowledge, correct and incorrect answers were scored as 1 and 0, respectively.
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The attitude section consisted of 10 questions with 4 answers for each question “defi-
nitely not, probably not, probably, and definitely”. The answers “probably and definitely”
are referred to as “agree” in the results section and the answers “definitely not and proba-
bly not” are referred to as “disagree”. The attitude section contained statements to assess
participants’ attitudes towards consuming probiotics, as well as behavioral beliefs regard-
ing the effect of microbiota knowledge on lifestyle choices, diet, and antibiotic use. The
questionnaire can be found in the Supplementary Material

2.3. Ethical Approval

This study was approved by the Institutional Review Board (IRB) at the University
of Jordan (Ref. No. 2021-86). An informed consent and an explanation of voluntary
participation in the study were presented at the start of the questionnaire. Collected data
were treated with confidentiality.

2.4. Data Analysis

Data generated were organized in Microsoft Excel, and statistical analysis was carried
out using IBM Statistical Package for the Social Sciences (SPSS) for Windows version 25.0
(Armonk, NY, USA) and GraphPad Prism 8 (San Diego, CA, USA).

Categorical variables were presented as count and percentages in the tables and as
percentages in the text, with odds ratios and confidence intervals (95% CI) when applicable,
while continuous variables were presented as (Mean ± SD). Independent sample T-tests,
one-way ANOVA, and Chi-square test were used to compare knowledge and attitudes
between different school categories, genders, levels of knowledge about microbiology. A
p-value of 0.05 was adopted as a threshold for significance.

3. Results
3.1. Demographics and General Characteristics of Participants

Four hundred and two (402) participants filled the questionnaire. Among them, 38.6%
were males, whilst 61.4% were females, and participants were distributed in the age groups
17–20 years (87.1%), 21–24 years (12.7%) and one response of the age 29 (0.2%) (Table 1).
Respondents were grouped by their field of study as health-related specialties (70.6%) and
non-health-related (29.4%). The year of study with the greatest prevalence was the second
year (51.2%). As for the self-reported knowledge level (described in methods), 39.1% of the
sample reported having advanced knowledge about microbiology, while 50.2% reported
they had basic knowledge, and 10.7% had poor knowledge. The distributions of gender,
age groups, and years of study are comparable to university population distribution.

3.2. General Knowledge of Microbiota

First, an assessment of whether participants think of bacteria primarily as a cause of
disease or not was done. To that end, the agreement with two statements “the majority of
bacteria in the world do not cause disease to humans” and “bacterial cells outnumber hu-
man cells in the human body” was measured. The majority (80.6% and 50.5%, respectively)
of participants agreed with the above-mentioned statements (Table 2). This indicated that
most participants knew that bacteria are not always associated with disease. To expand
on this point, the following statements examined if participants thought that the presence
of bacteria in different locations of the human body is always a cause for disease, using
statements such as “presence of bacteria on the skin will always cause disease in humans”
to which around only 14.4% incorrectly agreed. Similar results were obtained when asked
about the presence of bacteria in the gut (Table 2). A statement about the presence of
bacteria in the brain was also added, which unlike the skin or gut is not considered to
harbor microbiota. The majority of participants thought correctly that the presence of
bacteria in the brain is always associated with disease (68.9%) while 24.6% were uncertain
(Table 2).
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Table 1. Demographics and general characteristics of participants.

Count Percent

Gender
Male 155 38.6%

Female 247 61.4%
Total 402 100.0%

Year of study
First year 97 24.1%

Second year 206 51.2%
Third year 73 18.2%

Fourth year 18 4.5%
Fifth year 4 1.0%
Sixth year 4 1.0%

Total 402 100.0%
Field of study

Healthcare-related 284 70.6%
Not healthcare-related 118 29.4%

Total 402 100.0%
Reported knowledge level

Advanced knowledge 157 39.1%
Basic knowledge 202 50.2%
Poor knowledge 43 10.7%

Total 402 100.0%

Table 2. Knowledge of microbiota among participants.

Statement Agree a Uncertain Disagree

(1) The majority of bacteria in the world do not cause disease to humans. 324 12 66
80.6% 3.0% 16.4%

(2) Bacterial cells outnumber human cells in our bodies. 203 68 131
50.5% 16.9% 32.6%

(3) Presence of bacteria on the skin will always cause disease in humans. 58 9 335
14.4% 2.2% 83.3%

(4) Presence of bacteria in the gut will always cause disease in humans 69 12 321
17.2% 3.0% 79.9%

(5) Presence of bacteria in the brain will always cause disease in humans 277 71 54
68.9% 17.7% 13.4%

(6) Exercise can positively affect the beneficial bacteria in the human body 320 61 21
79.6% 15.2% 5.2%

(7) Bacteria living in the human body changes between countries and ethnicities 266 38 98
66.2% 9.5% 24.4%

(8) Presence of bacteria on the skin can be beneficial to humans. 356 14 32
88.6% 3.5% 8.0%

(9) Presence of bacteria in the gut can be beneficial to humans 358 17 27
89.1% 4.2% 6.7%

(10) Presence of bacteria in the brain can be beneficial to humans 71 99 232
17.7% 24.6% 57.7%

(11) Healthy food should never contain any type of bacteria. 80 37 285
19.9% 9.2% 70.9%

(12) Antibiotics only kill harmful bacteria. 82 20 300
20.4% 5.0% 74.6%

(13) Antibiotics can kill beneficial bacteria. 367 17 18
91.3% 4.2% 4.5%

(14) Antibiotic use may cause disease by killing beneficial bacteria. 342 33 27
85.1% 8.2% 6.7%

(15) Bacteria can be given orally to replace beneficial bacteria killed after antibiotic therapy. 198 108 96
49.3% 26.9% 23.9%

a All values are presented as count and percent.

The participants’ knowledge regarding the presence of bacteria in food was also
assessed. Most participants (70.9%) disagreed with the statement “Healthy food should
never contain any type of bacteria”, indicating that the majority of participants knew that
healthy food can sometimes contain bacteria (Table 2).

Most participants (79.6%) agreed that exercise can positively affect microbiota, indicat-
ing that participants believed that certain behaviors could influence microbiota. Moreover,
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66.2% of participants agreed that differences in countries and ethnicities can affect the type
of bacteria living in the human body, which showed that participants are aware to some
degree of the effect of environmental and genetic factors on microbiota.

3.3. Knowledge of the Relationship between Antibiotics and Microbiota

Participants’ knowledge on the relationship between antibiotics and microbiota was
evaluated (statements 12–15 in Table 2). The majority of participants correctly identified
the effect of antibiotics on microbiota since 91.3% agreed that antibiotics can kill beneficial
bacteria, and that antibiotic use can cause disease by killing beneficial bacteria (85.1%),
while a minority (20.4%) of participants thought that antibiotics can kill harmful bacteria
only (Table 2). Compared to knowledge regarding antibiotics, participants knew less
about the possibility of using probiotics alongside antibiotic therapy, where 23.9% of
participants disagreed that bacteria can be given orally to replace beneficial bacteria killed
after antibiotic therapy, and 26.9% were uncertain (Table 2), indicating the highest level of
uncertainty among all statements.

3.4. Knowledge Scores among Various Groups of Participants

To identify factors associated with better microbiota knowledge, the total knowledge
score in various groups of participants was analyzed. This was done by scoring the
15 statements found in Table 2, where correct and incorrect answers were scored as 1 and 0,
respectively. The resultant knowledge score was averaged for each group (Table 3).

Table 3. Knowledge scores among different groups.

Variable Knowledge Score
(0–15) (Mean ± SD) p-Value

Field of study Healthcare related 11.8 ± 2.4
Not healthcare-related 9.6 ± 2.6 <0.001

Gender Male 11.3 ± 2.7
Female 11.1 ± 2.6 0.438

Year of study a

First 10.0
Second 11.6
Third 11.3 -

Fourth 11.1
Fifth 13.0
Sixth 13.8

Reported
knowledge level

Advanced knowledge
(took at least one

microbiology course)
12.8 ± 2.0

Basic knowledge (personal
reading or biology classes) 10.2 <0.001

Poor knowledge (never
read or taken a course that

discusses bacteria)
9.5

a No further analysis was needed for the year of study section, since the groups are highly heterogeneous and
higher years tend to contain medical students only.

Regarding reported knowledge levels, no significant difference in knowledge score
was found between basic and poor knowledge (p = 0.153), so they were merged into one
group for analysis purposes with a score of 10.1 ± 2.5. The total knowledge score of
participants who reported advanced knowledge of microbiology, representing students
acquainted with the concept of microbiota through a microbiology course, was significantly
higher than participants who reported basic and poor knowledge in microbiology, who
represent the average university student (12.8 ± 2.0 vs. 10.1 ± 2.5, respectively, p < 0.001).
Similarly, a comparison of participants according to their field of study was done. Students
in healthcare-related fields had significantly higher knowledge scores compared to other
students (11.8 ± 2.4 vs. 9.6 ± 2.6, respectively, p < 0.001), while no significant differences
in knowledge scores among males and females were found (11.3 ± 2.7 vs. 11.1 ± 2.6,
respectively, p = 0.438). It should be noted that most students from healthcare-related
fields reported advanced knowledge (60.3%), whereas only 8.48% of students from non-
healthcare related fields reported advanced knowledge (p< 0.001).
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To identify specific knowledge gaps related to antibiotic use and its effect on micro-
biota, responses to statements related to antibiotic effect on microbiota were examined in
different knowledge groups (Table 4). Advanced knowledge students scored 0.8 points
higher than basic/poor knowledge students (3.5 vs. 2.7, respectively, p < 0.001). In gen-
eral, advanced knowledge students were more aware of the side effects of antibiotics on
microbiota than other students, since 98.1% vs. 86.9%, respectively (p < 0.001), agreed
that antibiotics can kill beneficial bacteria, and 96.8% vs. 77.6%, respectively (p < 0.001),
agreed that antibiotic use may cause disease by killing beneficial bacteria. Similarly, 8.3%
of advanced knowledge students agreed to the statement “antibiotics only kill harmful
bacteria” vs. 36.3% of basic/poor knowledge students (p < 0.001) (Table 4).

Table 4. Knowledge of the relationship between antibiotics and microbiota according to knowledge group.

Advanced Knowledge
(N = 157) Basic/Poor Knowledge (N = 245)

p-Value OR (95% CI)
Statement Count Percentage Count Percentage

Antibiotics only kill
harmful bacteria Agree 13 8.3% 89 36.3% <0.001 0.158

(0.085–0.295)
Antibiotics can kill
beneficial bacteria Agree 154 98.1% 213 86.9% <0.001 0.130

(0.039–0.431)
Antibiotic use may cause

disease by killing beneficial
bacteria

Agree 152 96.8% 190 77.6% <0.001 0.114
(0.044–0.291)

Bacteria can be given orally
to replace beneficial
bacteria killed after
antibiotic therapy

Agree 98 62.4% 100 40.8% <0.001 0.415
(0.275–0.626)

3.5. Effect of Microbiota Knowledge on Probiotic Use and Behavioral Beliefs

To evaluate if knowledge of microbiota can affect probiotic use, the agreement with
the statement “I would ingest a pill that contains bacteria as a treatment for disease if
available” was assessed in each knowledge group. Knowledge of microbiota did not seem
to affect willingness to take probiotics, as there was no significant difference between
advanced knowledge and basic/poor knowledge students (84.1% vs. 90.6%, respectively,
p-value = 0.058). In addition, knowledge of microbiota did not seem to affect behavioral be-
liefs, as no significant difference was found between advanced knowledge and basic/poor
knowledge groups in the agreement with the statement “My lifestyle choices are affected
by my knowledge of beneficial bacteria in the human body” (82.2% vs. 77.1%, respectively,
p-value = 0.207). However, more students with better knowledge agreed with the statement
“My use of antibiotics is affected by my knowledge of beneficial bacteria in the human
body” (96.8% vs. 85.7%, p-value < 0.001) (Table 5). On the other hand, no significant differ-
ence was found when respondents were asked about the effect of microbiota knowledge
on their diet (68.8% vs. 66.1%, p-value = 0.588) (Table 5).

3.6. Willingness to Learn about Microbiota

At the end of the questionnaire, participants were asked which source they would
prefer to use when learning about microbiota, with 4 possible choices: healthcare workers,
news outlets, social media, and trusted medical sources such as medical journals. The
majority of participants (93.2%) wanted to learn more about microbiota (Table 6). The
top two sources chosen were social media (45.5%) and trusted sources (70.6%). Response
percentages were similar between advanced and basic/poor knowledge students.
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Table 5. Effect of microbiota knowledge on probiotic use and behavioral beliefs.

Advanced Knowledge
(N = 157)

Basic/Poor Knowledge
(N = 245) p-Value OR (95% CI)

Statement Count Percentage Count Percentage

I would ingest a pill that
contains bacteria as a treatment

for disease if available
Agree 132 84.1% 222 90.6% 0.058 1.828

(0.997–3.351)

My lifestyle choices are affected
by my knowledge of beneficial

bacteria in the human body
Agree 130 82.8% 189 77.1% 0.207 0.701

(0.421–1.168)

My Diet is affected by my
knowledge of beneficial

bacteria in the human body
Agree 108 68.8% 162 66.1% 0.588 0.886

(0.577–1.360)

My use of antibiotics is affected
by my knowledge of beneficial

bacteria in the human body
Agree 152 96.8% 210 85.7% <0.001 0.197

(0.076–0.515)

Table 6. Willingness to learn about microbiota.

. Advanced Knowledge
(N = 157)

Basic/Poor Knowledge
(N = 245)

Statement Count Percentage Count Percentage

I would like to learn more about how bacteria in the human
body can affect health and disease

Yes 150 95.5% 225 91.8%
No 7 4.5% 20 8.2%

If yes, which of the following sources would you use? (You can
choose multiple options)

Trusted medical
sources 112 71.3% 172 70.2%

Healthcare workers 53 33.8% 96 39.2%
News outlets 19 12.1% 42 17.1%
Social media 69 43.9% 114 46.5%

4. Discussion

Awareness of how microbes in general and microbiota specifically can affect human
health is important for individuals and societies alike, since this knowledge can influence
lifestyle choices of individuals and guide decision-makers in forming their policies [16,21]. In
this descriptive cross-sectional study, knowledge of microbiota among university students
was assessed.

Because we did not find previous studies that assessed knowledge of microbiota in
individuals outside of the healthcare field, statements that are understandable by partici-
pants who have basic knowledge in microbiology had to be generated, which proved to be
challenging. For example, we had to use the word “always” in the statement “Presence of
bacteria on the skin always causes disease”, because without the word “always”, answering
agree or disagree can both be considered correct. Still, the questionnaire performed well in
assessing microbiota knowledge, since participants who identified themselves as having
advanced knowledge had significantly higher knowledge scores compared to those with
basic and poor knowledge (12.8 ± 1.95 vs. 10.1 ± 2.473, respectively, p < 0.001). The
criterion for choosing advanced knowledge in the questionnaire was attending a micro-
biology course at university. Therefore, it was not surprising that students who reported
advanced knowledge were mostly from healthcare-related fields, since they usually attend
a microbiology course during their second or third year of study. Microbiology courses
at university are 45 h, and usually present the topic of microbiota and its role in health
and disease.

The study indicated that most students knew that the presence of bacteria on the skin
or in the gut is not always associated with disease. Moreover, the majority believed that
presence of bacteria in the human body can be beneficial. Participants in this study correctly
identified factors that can influence microbiota such as exercise, ethnicity, or geographical
location, which indicated they were aware that microbiota varies between individuals,
and that certain behaviors and environmental factors can influence microbiota. Knowing
the effects of certain behaviors on shaping microbiota can work as the selling point for
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healthcare providers to promote healthy behaviors such as exercise, and to emphasize the
role of a healthy diet in shaping the gut microbiota.

Interestingly, knowledge of microbiota was unexpectedly good in participants who
reported basic/poor knowledge in microbiology. This knowledge of microbiota among
university students could have been obtained through formal learning in school or uni-
versity, social media, probiotic advertisings, or popular science, which is an interpretation
of science intended for a general audience [21,22]. The willingness of most participants
(92.8%) to learn more about microbiota and how they could affect health, should alert
scientists and physicians to the importance of providing knowledge and counseling on the
subject. Dispensing knowledge about microbiota and their role in health and disease can
also be done through various platforms. For example, 49.1% of participants chose social
media as a favorite source of information.

One important aspect of microbiota knowledge is how antibiotics can affect micro-
biota, especially considering the various diseases associated with prolonged antibiotic
use, and the rising antibiotic resistance in bacterial pathogens worldwide, partly due to
misuse of antibiotics [23]. This study found that most participants knew the harmful effect
of antibiotics on microbiota, but a substantial number of participants thought antibiotics
would kill only harmful bacteria. It can be speculated that better awareness of the detri-
mental effects of antibiotics on microbiota might enhance antibiotic use practices among
the public, thereby lessening the dangerous global rise in antibiotic resistance. This is
especially relevant to Jordanian society, where antibiotic misuse is a problem, and finding
new ways to address this problem is necessary.

Several studies indicated that the use of probiotics as an adjunct therapy to antibiotics
could decrease side effects of antibiotics [13,24]. In this study, probiotic use was the
subject where the highest uncertainty was found among students, since almost 204 (50.7%)
either disagreed or did not know that bacteria can be given to replace beneficial bacteria
after antibiotic use, although it can be argued that the statement indicated that the same
beneficial bacteria are replaced with probiotics, causing this high uncertainty. In contrast to
the uncertainty regarding probiotic use with antibiotic therapy, the participants’ attitude
towards probiotic use was positive, since around 88% of participants were willing to ingest
a pill that contain bacteria to treat disease. Previous studies on knowledge of probiotics in
Jordan indicated that healthcare providers have limited knowledge but positive attitudes
towards probiotics [25] in line with the data in this study.

The majority of participants in this study believed that the knowledge of microbiota
could affect their lifestyle, diet, and antibiotic use. The large percentage could be due to self-
selection bias and does not necessarily reflect the actual impact of microbiota knowledge on
behavior. For example, no significant difference was found between different knowledge
groups in the willingness to take probiotics.

Some limitations and strengths in this study need to be addressed. First, it should be
noted that the questionnaire was distributed to students through various student groups
and communication channels online; thus, a true response rate could not be calculated,
and a sampling bias could have been introduced, since students who were interested and
possibly knowledgeable in the subject of microbiology were more likely to answer the
questionnaire. Second, students had to sign in with their university email to complete
the questionnaire; the university email consists of the student initials and a student iden-
tification number, which could identify the participant through the university database,
but the research team was careful in removing any identifiers when processing the data,
thus maintaining anonymity. On the other hand, this study could be a stepping stone
for further work that assesses the understanding of important microbiological concepts
among the general public, which could affect a variety of behaviors, from antibiotic use as
demonstrated in this work, to hygienic practices that are important in infection control.

This study is the first to assess knowledge of microbiota among university students
outside the healthcare field and to evaluate the effect of this knowledge on behavioral
beliefs. It showed that students had good knowledge of microbiota and believed that certain
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behaviors could be influenced by their knowledge of microbiota. With the recent advances
that show the profound effect of microbiota on health, there is a need to simplify and
transfer this knowledge to the public. Awareness of what makes for a “healthy” microbiota
could be incorporated with other methods to encourage a healthy diet and responsible
antibiotic use. Further studies are needed to find the gaps in the public understanding of
microbiota and whether filling those gaps could promote healthier behaviors.
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Author Contributions: Conceptualization, A.H.A.A.-H.; Data curation, L.S.T., Y.I.H. and M.B.O.; For-
mal analysis, J.A.A. and L.S.T.; Investigation, J.A.A., Y.I.H. and M.B.O.; Methodology, A.H.A.A.-H.,
J.A.A., L.S.T., Y.I.H. and M.B.O.; Project administration, A.H.A.A.-H.; Resources, L.S.T. and Y.I.H.;
Software, J.A.A. and L.S.T.; Supervision, A.H.A.A.-H.; Writing—original draft, A.H.A.A.-H.; Writing—
review & editing, A.H.A.A.-H. and J.A.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This work did not require any funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the University of Jordan
(Ref. No. 2021-86).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

Conflicts of Interest: The authors declare no competing interests.

Ethical Statements: The study was conducted according to the guidelines of the Declaration of
Helsinki, and approved by the Institutional Review Board of the University of Jordan (Ref. No.
2021-86). Informed consent was obtained from all subjects involved in the study.

References
1. Opal, S.M. A Brief History of Microbiology and Immunology. In Vaccines: A Biography; Springer: New York, NY, USA, 2009.

[CrossRef]
2. Freeman, M.C.; Garn, J.V.; Sclar, G.D.; Boisson, S.; Medlicott, K.; Alexander, K.T.; Penakalapati, G.; Anderson, D.; Mahtani, A.G.;

Grimes, J.; et al. The impact of sanitation on infectious disease and nutritional status: A systematic review and meta-analysis. Int.
J. Hyg. Environ. Health 2017, 220, 928–949. [CrossRef] [PubMed]

3. Proctor, L.M.; Creasy, H.H.; Fettweis, J.M.; Lloyd-Price, J.; Mahurkar, A.; Zhou, W.; Buck, G.A.; Snyder, M.P.; Strauss, J.F.;
Weinstock, G.M.; et al. The Integrative HMPRNC. The Integrative Human Microbiome Project. Nature 2019, 569, 641–648.

4. Conlon, M.A.; Bird, A.R. The impact of diet and lifestyle on gut microbiota and human health. Nutrients 2014, 7, 17–44. [CrossRef]
5. Ege, M.J. The Hygiene Hypothesis in the Age of the Microbiome. Ann. Am. Thorac. Soc. 2017, 14, S348–S353. [CrossRef]
6. Zhu, A.; Sunagawa, S.; Mende, D.R.; Bork, P. Inter-individual differences in the gene content of human gut bacterial species.

Genome Biol. 2015, 16, 82. [CrossRef]
7. Ursell, L.K.; Metcalf, J.L.; Parfrey, L.W.; Knight, R. Defining the human microbiome. Nutr. Rev. 2012, 70 (Suppl. 1), S38–S44.

[CrossRef] [PubMed]
8. Schirmer, M.; Franzosa, E.A.; Lloyd-Price, J.; McIver, L.J.; Schwager, R.; Poon, T.W.; Ananthakrishnan, A.N.; Andrews, E.; Barron,

G.; Lake, K.; et al. Dynamics of metatranscription in the inflammatory bowel disease gut microbiome. Nat. Microbiol. 2018, 3,
337–346. [CrossRef]

9. Wollina, U. Microbiome in atopic dermatitis. Clin. Cosmet. Investig. Dermatol. 2017, 10, 51–56. [CrossRef]
10. Wirbel, J.; Pyl, P.T.; Kartal, E.; Zych, K.; Kashani, A.; Milanese, A.; Fleck, J.S.; Voigt, A.Y.; Palleja, A.; Ponnudurai, R.; et al.

Meta-analysis of fecal metagenomes reveals global microbial signatures that are specific for colorectal cancer. Nat. Med. 2019, 25,
679–689. [CrossRef] [PubMed]

11. Makki, K.; Deehan, E.C.; Walter, J.; Bäckhed, F. The Impact of Dietary Fiber on Gut Microbiota in Host Health and Disease. Cell
Host Microbe 2018, 23, 705–715. [CrossRef] [PubMed]

12. Monda, V.; Villano, I.; Messina, A.; Valenzano, A.; Esposito, T.; Moscatelli, F.; Viggiano, A.; Cibelli, G.; Chieffi, S.; Monda, M.;
et al. Exercise Modifies the Gut Microbiota with Positive Health Effects. Oxidative Med. Cell. Longev. 2017, 2017, 1–8. [CrossRef]
[PubMed]

13. Zimmermann, P.; Curtis, N. The effect of antibiotics on the composition of the intestinal microbiota—A systematic review. J. Infect.
2019, 79, 471–489. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph182413324/s1
https://www.mdpi.com/article/10.3390/ijerph182413324/s1
http://doi.org/10.1007/978-1-4419-1108-7_3:31-56
http://doi.org/10.1016/j.ijheh.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28602619
http://doi.org/10.3390/nu7010017
http://doi.org/10.1513/AnnalsATS.201702-139AW
http://doi.org/10.1186/s13059-015-0646-9
http://doi.org/10.1111/j.1753-4887.2012.00493.x
http://www.ncbi.nlm.nih.gov/pubmed/22861806
http://doi.org/10.1038/s41564-017-0089-z
http://doi.org/10.2147/CCID.S130013
http://doi.org/10.1038/s41591-019-0406-6
http://www.ncbi.nlm.nih.gov/pubmed/30936547
http://doi.org/10.1016/j.chom.2018.05.012
http://www.ncbi.nlm.nih.gov/pubmed/29902436
http://doi.org/10.1155/2017/3831972
http://www.ncbi.nlm.nih.gov/pubmed/28357027
http://doi.org/10.1016/j.jinf.2019.10.008
http://www.ncbi.nlm.nih.gov/pubmed/31629863


Int. J. Environ. Res. Public Health 2021, 18, 13324 10 of 10

14. Khasawneh, A.I.; Abu Humeidan, A.; Alsulaiman, J.W.; Bloukh, S.; Ramadan, M.; Al-Shatanawi, T.N.; Awad, H.H.; Hijazi, W.Y.;
Al-Kammash, K.R.; Obeidat, N.; et al. Medical Students and COVID-19: Knowledge, Attitudes, and Precautionary Measures. A
Descriptive Study from Jordan. Front. Public Health 2020, 8, 253. [CrossRef] [PubMed]

15. Jairoun, A.; Hassan, N.; Ali, A.; Jairoun, O.; Shahwan, M. Knowledge, attitude and practice of antibiotic use among university
students: A cross sectional study in UAE. BMC Public Health 2019, 19, 518. [CrossRef] [PubMed]

16. Timmis, K.; Cavicchioli, R.; Garcia, J.L.; Nogales, B.; Chavarría, M.; Stein, L.; McGenity, T.J.; Webster, N.; Singh, B.K.;
Handelsman, J.; et al. The urgent need for microbiology literacy in society. Environ. Microbiol. 2019, 21, 1513–1528. [CrossRef]

17. Hasosah, M.; Qurashi, M.; Balkhair, A.; Alzahrani, Z.; Alabbasi, A.; Alzahrani, M.; Alnahdi, W.; Shafei, S.; Bafaqih, M.; Khan, M.
Knowledge, attitudes, and understanding of probiotics among pediatricians in different regions of Saudi Arabia. BMC Med. Educ.
2021, 21, 1–7. [CrossRef]

18. Payahoo, L.; Nikniaz, Z.; Mahdavi, R.; Abadi, M.A.J. Perceptions of Medical Sciences Students Towards Probiotics. Health Promot.
Perspect. 2012, 2, 96–102.

19. Madar, P.C.; Petre, O.; Baban, A.; Dumitrascu, D.L. Medical students’ perception on fecal microbiota transplantation. BMC Med.
Educ. 2019, 19, 1–7. [CrossRef] [PubMed]

20. Paramsothy, S.; Walsh, A.J.; Borody, T.; Samuel, D.; Bogaerde, J.V.D.; Leong, R.W.; Connor, S.; Ng, W.; Mitchell, H.M.;
O Kaakoush, N.; et al. Gastroenterologist perceptions of faecal microbiota transplantation. World J. Gastroenterol. 2015, 21,
10907–10914. [CrossRef] [PubMed]

21. Elliott, S.L. The Microbiology Effect: A Call for Education Research. J. Microbiol. Biol. Educ. 2016, 17, 325–326. [CrossRef]
[PubMed]

22. Racaniello, V.R. Social Media and Microbiology Education. PLOS Pathog. 2010, 6, e1001095. [CrossRef] [PubMed]
23. Byrne, M.K.; Miellet, S.; McGlinn, A.; Fish, J.; Meedya, S.; Reynolds, N.; van Oijen, A.M. The drivers of antibiotic use and

mis-use: The development and investigation of a theory driven community measure. BMC Public Health 2019, 19, 1425. [CrossRef]
[PubMed]

24. Blaabjerg, S.; Artzi, D.M.; Aabenhus, R. Probiotics for the Prevention of Antibiotic-Associated Diarrhea in Outpatients—A
Systematic Review and Meta-Analysis. Antibiotics 2017, 6, 21. [CrossRef] [PubMed]

25. Ababneh, M.; Elrashed, N.; Al-Azayzih, A. Evaluation of Jordanian Healthcare Providers’ Knowledge, Attitudes, and Practice
Patterns towards Probiotics. Expert Rev. Pharm. Outcomes Res. 2020, 20, 93–97. [CrossRef] [PubMed]

http://doi.org/10.3389/fpubh.2020.00253
http://www.ncbi.nlm.nih.gov/pubmed/32574313
http://doi.org/10.1186/s12889-019-6878-y
http://www.ncbi.nlm.nih.gov/pubmed/31060543
http://doi.org/10.1111/1462-2920.14611
http://doi.org/10.1186/s12909-021-02499-w
http://doi.org/10.1186/s12909-019-1804-7
http://www.ncbi.nlm.nih.gov/pubmed/31601212
http://doi.org/10.3748/wjg.v21.i38.10907
http://www.ncbi.nlm.nih.gov/pubmed/26478682
http://doi.org/10.1128/jmbe.v17i3.1252
http://www.ncbi.nlm.nih.gov/pubmed/28101255
http://doi.org/10.1371/journal.ppat.1001095
http://www.ncbi.nlm.nih.gov/pubmed/20975949
http://doi.org/10.1186/s12889-019-7796-8
http://www.ncbi.nlm.nih.gov/pubmed/31666056
http://doi.org/10.3390/antibiotics6040021
http://www.ncbi.nlm.nih.gov/pubmed/29023420
http://doi.org/10.1080/14737167.2019.1609354
http://www.ncbi.nlm.nih.gov/pubmed/31023117

	Introduction 
	Methods 
	Study Population and Design 
	Questionnaire Design 
	Ethical Approval 
	Data Analysis 

	Results 
	Demographics and General Characteristics of Participants 
	General Knowledge of Microbiota 
	Knowledge of the Relationship between Antibiotics and Microbiota 
	Knowledge Scores among Various Groups of Participants 
	Effect of Microbiota Knowledge on Probiotic Use and Behavioral Beliefs 
	Willingness to Learn about Microbiota 

	Discussion 
	References

