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Antibiotics and the Human Microbiome: A Survey of Prescribing 
Clinicians’ Knowledge and Opinions Regarding the Link between 
Antibiotic-Induced Dysbiosis and Immune-Mediated Disease
MATTHEW H. WILSON, MD, ScM; MICHAEL J. MELLO, MD, MPH; PHILIP A. GRUPPUSO, MD

ABSTRACT 
Altered composition or function of the human micro- 
biome, termed dysbiosis, has been associated with a  
variety of immune-mediated diseases. Antibiotic use is 
a well-studied cause of dysbiosis. We conducted an elec-
tronic survey of 351 antibiotic-prescribing clinicians in 
Rhode Island to evaluate antibiotic prescription patterns, 
knowledge and opinions regarding the importance of the 
human microbiome and its relation to antibiotics and the 
immune system. We found that clinicians view the health 
of the human microbiome as important when prescrib-
ing antibiotics; however, they do not feel well-informed 
or confident in their knowledge about the microbiome 
or its relevance to patient health. A higher level of self- 
reported knowledge about the microbiome was associat-
ed with increased importance placed on the microbiome 
and its relevance to medical practice. Our results indicate 
that clinicians may benefit from continuing medical ed-
ucation on the link between antibiotic-induced dysbiosis  
and immune-mediated disease. 
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INTRODUCTION

The human body hosts over 100 trillion interdependent 
commensal, symbiotic, and pathogenic microorganisms 
collectively termed the human microbiome.1 These micro-
organisms regulate critical processes including energy metab-
olism2 and immune system homeostasis.1 Change in the 
microbiome composition and function, termed dysbiosis,3 
has been associated with many immune-mediated diseases, 
including disorders that are atopic,4 inflammatory,5 and auto-
immune.6,7 Several studies have demonstrated that antibiot-
ics cause dysbiosis in mice and humans. Even short-term 
antibiotic treatment can decrease microbial biodiversity, 
alter microbiome metabolic functions, and alter suscepti-
bility of the host gut to colonization by pathogenic micro-
organisms,8 which can persist for months after treatment.9

The incidence and prevalence of many immune-mediated 
diseases, such as multiple sclerosis,10 type I diabetes,11 and 
inflammatory bowel disease,12 have markedly increased  

over the past several decades.13 Environmental factors, 
including antibiotic-induced dysbiosis, may contribute to 
disease pathogenesis. Indeed, human cohort studies have 
demonstrated an association between perinatal antibiotic 
use and risk in the offspring of atopic dermatitis14 and allergic  
asthma.15 Moreover, perinatal and neonatal use of certain 
antimicrobials is associated with increased risk of type I  
diabetes in the offspring.16

Antibiotics comprise roughly 25% of medications pre-
scribed for children,17 and an estimated 1 in 4 antibiotic 
prescriptions is inappropriate.18 Given the high frequency 
of inappropriate antibiotic use, the increasing incidence 
of immune-mediated diseases in developed countries, and 
growing evidence that links antibiotic-induced dysbiosis 
with immune-mediated disease, it is important to study this 
relationship from the perspective of the clinician in prac-
tice. Herein, we present the results of an electronic survey 
of Rhode Island prescribers aimed at evaluating clinicians’ 
antibiotic prescription patterns, their knowledge and opin-
ions of the importance of the human microbiome, and its 
relation to antibiotics and the immune system.

MATERIALS & METHODS

Survey Development
Survey questions utilized a 5-point Likert scale (1 = Strongly 
agree, 2 = Agree, 3 = Neither agree nor disagree, 4 = Disagree, 
5 = Strongly disagree), ranking options, and multiple choice. 
Questions were designed to evaluate clinician knowledge 
and opinions regarding antibiotic prescribing patterns and 
antibiotic-mediated effects on the human microbiome. 
Additional demographic questions included years in med-
ical practice, medical specialty, practice location, and pre-
scription patterns. 

The survey was pilot-tested with seven Rhode Island phy-
sician volunteers who provided feedback on the survey’s 
grammar, clarity, content, and functionality. The Brown 
University Institutional Review Board (IRB) approved the 
study. The survey email list was obtained through the Rhode 
Island Department of Health’s publicly available licensee list 
of all physicians (including MD, DO, and limited practice), 
nurses (including APRN, LPN, and, RN) and physician assis-
tants. Only those clinicians able to prescribe antibiotics,  
(MD, DO, PA, APRN) were included.

 59 

 63 

 EN 

59S E P T E M B E R  2 0 2 1   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  S E P T E M B E R  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2021-09.asp
https://www.rimedicalsociety.org


The survey was emailed via Qualtrics Experience Manage-
ment (XM) Survey software to 3,108 unique email addresses 
in the Fall of 2019. Reminder emails were sent one and two 
months after the original distribution of the research survey. 

Data Analysis
For Likert-type scale questions, responses were numerically 
coded as above. Mean answer values were compared to cal-
culate statistically significant difference between groups. 
To quantify self-reported antibiotic knowledge, the average 
of the numerical values of each participant’s responses to 
the Likert-type questions, “I would feel confident in my 
knowledge when discussing the human microbiome with 
patients,” and “I consider myself well-informed regarding 
the significance of the human microbiome with respect to 
medical practice,” were calculated. Individuals were classi-
fied as “self-reported knowledgeable” if the average value 
was greater than 3 and “self-reported unknowledgeable” if 
the average value was less than or equal to 3.

Prescription frequency was categorized as “Frequently” 
(daily or weekly), or “Infrequently” (monthly, less than 
monthly, or never). Regarding practice location, urgent care 
practitioners were combined with Emergency Department 
clinicians.

Statistical analyses and figure generation were performed 
using OriginPro 2018b software. A two-tailed Exact test was 
used for all statistical comparisons of two groups. Compari-
sons of more than two groups were performed using one-way 
ANOVA with Tukey Post-Hoc test. 

RESULTS

Characteristics of Respondents
The Survey response rate was 11.3% and a demographic 
breakdown of the 351 clinician survey respondents is 
reported in Table 1 (See Supplement). Most respondents were 
physicians (92%), the majority of whom practiced either 
internal medicine, family practice, or pediatrics (combined 
42.4% of physician respondents) in the outpatient setting 
(55.7% of all respondents). The majority of respondents have 
practiced for >20 years and prescribe antibiotics frequently 
(daily or weekly). 

Univariate Analyses
Survey participants viewed clinical reference tools (e.g., 
UpToDate) as the most important resource when selecting 
antibiotics (mean rank = 2.26) (See Supplement, Figure 1). 
Infectious disease physician consultation was least import-
ant (mean rank = 4.14). 

The majority of respondents viewed “prevention of antibi-
otic resistance” as the most important factor when prescrib-
ing antibiotics (mean rank = 1.52; See Supplement, Figure 2). 
However, almost as many respondents ranked “protect-
ing the microbiome” as #1 or #2 (N=132) compared with 

“avoiding adverse effects” (N=147). Moreover, “protecting 
the microbiome” (mean rank = 3.04) was viewed more impor-
tantly than “reducing costs of care” and “improving patient 
compliance” (mean ranks = 3.65 and 4.13, respectively).

Most prescribers (89.3%) agreed or strongly agreed that it 
is important for clinicians to learn about the human micro-
biome, and 82.1% agreed or strongly agreed that careful 
selection of antibiotics is important to protect the human 
microbiome (See Supplement, Figures 3,4). However, only 
38.7% consider themselves well-informed regarding the clin-
ical relevance of the microbiome, and only 35.8% reported 
sufficient confidence in their knowledge of the microbiome 
to discuss its clinical relevance with patients.

Respondents showed the greatest degree of uncertainty when 
questioned about the connection of the microbiome and the 
immune system. Approximately 40% of respondents neither 
agreed nor disagreed with the statement “antibiotic-induced 
dysbiosis is a feasible predisposing factor for the development 
of immune-mediated disease,” although very few (3.6%) 
disagreed or strongly disagreed. Most respondents (80.1%) 
agreed or strongly agreed that they would change their pre-
scribing behaviors given evidence linking antibiotic-induced 
dysbiosis and development of immune-mediated diseases.

Bivariate Analyses
Emergency Department (ED) providers placed significantly 
higher mean importance on antibiograms than prescrib-
ers from inpatient practice, whereas outpatient prescribers 
placed highest mean importance on clinical reference tools 
(See Supplement, Table 2). All prescribers placed the least 
mean importance on infectious disease physician consul-
tation. However, inpatient clinicians placed significantly 
more importance on infectious disease physician consulta-
tion than ED and outpatient prescribers. Outpatient clini-
cians valued prior clinical experience significantly higher 
than did inpatient or ED clinicians. Responses to items from 
Figure 2 did not vary by practice location (data not shown).

Regarding questionnaire items assessing perceived impor-
tance of the human microbiome, we found ED clinicians 
agreed significantly more with the statement: “There is 
insufficient primary research as a field of study for clini-
cians to consider how the human microbiome affects patient 
health,” than inpatient or outpatient clinicians (See Supple-
ment, Table 3). All other questionnaire items lacked statisti-
cally significant differences based on practice location.

Finally, regarding clinicians’ opinions on potential effects 
of antibiotics on the human microbiome, we found clini-
cians practicing in the ED were significantly more resistant 
to changing their prescription patterns if presented evidence 
that antibiotic-induced dysbiosis predisposes patients to the 
development of immune-mediated disease compared with 
inpatient or outpatient prescribers (See Supplement, Table 4).  
All other responses by clinicians from each practice location 
reflected univariate trends. 
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We found that self-reported knowledge did not influ-
ence clinician mean ranking scores for the relative impor-
tance of clinical reference tools (data not shown). However, 
self-reported knowledgeable clinicians agreed significantly 
more with all statements attesting to the importance of the 
microbiome and with statements linking the microbiome 
and immune-mediated disease. (See Supplement, Tables 5,6).  

To determine whether clinicians’ responses to question-
naire items differed by antibiotic prescription frequency, 
we compared frequently-prescribing (daily or weekly), and 
infrequently-prescribing (monthly or less frequently) clini-
cians. We found frequently-prescribing clinicians agreed sig-
nificantly more with the statement: “It is safer to prescribe 
narrow-spectrum antibiotics than broad-spectrum antibiot-
ics because more selective killing of pathogenic organisms 
maintains the diversity of the human microbiome,” (data 
not shown). No other statistically significant differences 
were found for any other questionnaire item.

DISCUSSION

Perturbation of the normal flora of the microbiome, termed 
dysbiosis, is associated with a variety of immune-medi-
ated diseases.4,5,6,7 Based on the established relationship 
between antibiotic use and dysbiosis,8 and that recent years 
have seen increased worldwide incidence and prevalence of 
immune-mediated diseases13 and significant inappropriate 
use of antibiotics,17,18 antibiotic-induced dysbiosis represents 
a potential environmental contributor to the development 
of these diseases. As a preliminary approach to providing a 
context, we assessed caregiver attitudes and knowledge rele-
vant to this relationship.

Although the microbiome demonstrates marked differ-
ences in composition depending on environmental fac-
tors like age, geography, ethnicity, and diet,19,20 consistent 
changes in microbiome composition have been observed 
in response to certain antibiotics. For instance, vancomy-
cin and amoxicillin reduce populations of Enterobacteria-
ceae and Bifidobacterium, respectively.2 Similarly, specific 
changes in the microbiome have been linked with specific 
disease states.15,21-23 For instance, atopic dermatitis and 
asthma have been associated with a decreased total diver-
sity of the human microbiome, whereas inflammatory 
bowel disease has been linked with decreased proportions 
of Clostridia and Bacteroides and increased proportions of 
Enterobacteriaceae.24,25 

Separated only by intestinal epithelial cells and a thin 
layer of overlying mucus,20 the host immune system and 
intestinal commensal microorganisms interact via well-es-
tablished molecular mechanisms including toll-like receptor 
and cluster-of-differentiation signaling.14,26 For instance, B. 
fragilis use a capsular polysaccharide to induce anti-inflam-
matory IL-10 expression from dendritic cells via TLR-2 sig-
naling, and Clostridium strains can induce TGF-β  expression 

from intestinal epithelial cells.2 Both mechanisms enhance 
the function of regulatory T cells (Treg), which are criti-
cal for development of immunogenic tolerance. Addition-
ally, microbial fermentation products such as propionate 
and butyrate may epigenetically enhance Treg function by 
upregulating the Foxp3 transcription factor.2 

Germ-free animals have been found to have defects in 
the development of gastric-associated lymphoid tissue, Pey-
er’s patches, and mesenteric lymph nodes.17 Perhaps even 
more importantly, recent studies have shown a dependence 
of thymic lymphocyte development on the presence of gut 
microbes in early life.27 Given these observations, it follows 
that dysbiosis in early life may disrupt the development of 
immunogenic tolerance.

Although the human microbiome has been a prominent 
topic of research in recent years, few studies have been 
aimed at evaluating the consequences of antibiotic-induced 
dysbiosis. Nonetheless, the aforementioned evidence sup-
ports a connection between antibiotic-induced dysbiosis 
and subsequent immune-mediated disease. It follows that 
a clinician’s antibiotic prescribing patterns might influence 
patients’ microbiomes towards a dysbiotic state. To our 
knowledge, our study is the first survey of medical provid-
ers evaluating prescriber awareness and opinions regarding 
the link between antibiotics, microbiome dysbiosis, and 
immune-mediated disease. 

When asked to rank five commonly utilized clinical 
resources when prescribing antibiotics most clinicians 
placed first- or second-most importance on the use of anti-
biograms, prior clinical experience, and clinical reference 
tools, whereas antimicrobial stewardship programs and 
infectious disease physician consultations were considered 
less important. Given the emerging nature of information 
on antibiotic use, dysbiosis and immune-mediated disease, 
antimicrobial stewardship programs assume a unique role.

The observation that clinicians overwhelmingly agreed 
that prescription of specific antibiotics is important in pre-
venting antibiotic resistance was expected. In contrast, we 
were surprised to learn that prescribers viewed protection of 
the human microbiome to be almost as important as avoid-
ing adverse effects when selecting antibiotics. Moreover, 
almost 90% of clinicians agreed or strongly agreed that it 
is important for clinicians to acquire knowledge regarding 
the human microbiome and that alterations to the human 
microbiome have important implications for human health. 
Fewer than 40% of respondents considered themselves 
knowledgeable in this area. 

Finally, we found a high degree of uncertainty with state-
ments about the link between dysbiosis and autoimmune 
diseases, with many respondents neither agreeing nor dis-
agreeing. Overall, our data suggest prescribers recognize the 
importance of the microbiome when prescribing antibiotics 
but do not feel confident in their relevant knowledge.  

Opinions regarding the human microbiome appear to 
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differ across practice settings. This may, at least in part, be 
due to differences in time and resource constraints or patient 
populations treated.  ED providers valued consultation of 
other providers less than inpatient providers. However, ED 
providers more highly valued quicker clinical references 
(e.g., UpToDate) than did inpatient providers. Additionally, 
ED providers agreed more than inpatient and outpatient 
providers that the human microbiome is insufficiently well 
understood to consider during medical practice. ED provid-
ers were also more resistant to modifying their prescribing 
practices given evidence linking antibiotic-induced dysbio-
sis and immune-mediated disease. Inpatient providers more 
equally utilized all mentioned clinical resources, perhaps 
highlighting the need for additional expertise when caring 
for patients with multiple complex medical issues in the 
inpatient setting. 

As our study findings are limited to Rhode Island and our 
response rate was low, our results may have limited gener-
alizability.  Additionally, our use of “self-reported knowl-
edge (of the human microbiome)” is a limitation of the study 
because we were unable to assess actual knowledge of the 
human microbiome. Nonetheless, as expected, we found 
respondents with a higher self-reported knowledge thought 
the microbiome was more important and considered it 
more highly when prescribing antibiotics. However, self-re-
ported knowledge was not associated with a difference in 
the resources utilized or factors considered when prescrib-
ing antibiotics. Future studies assessing concrete knowledge 
of the pathophysiologic effects of antibiotics on the human 
microbiome would reveal whether the above is indicative of 
a Dunning-Kruger effect.

More frequent antibiotic prescribers have a larger impact 
on patients’ microbiomes. However, we found almost no 
significant differences in any survey responses based on pre-
scription frequency. The lack of an overall trend suggests 
frequently-prescribing clinicians do so for reasons unrelated 
to knowledge or opinions regarding the microbiome (e.g., 
patient pathology, patient volume, or low confidence in  
clinical knowledge).

Given our findings, investigation into clinicians’ actual 
knowledge regarding the human microbiome seems war-
ranted. The low confidence in reported knowledge of the 
human microbiome indicates clinicians might benefit from 
continuing medical education regarding antibiotic-induced 
dysbiosis and immune-mediated disease, particularly given 
the growing research in this field and growing clinical impor-
tance for individuals and populations. Additionally, further 
primary research investigating the link between dysbiosis 
and development of specific immune-mediated diseases 
could highlight appropriate narrow-spectrum pathogen-spe-
cific antimicrobials to promote microbiome health.
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