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Infectious Inequity: How the Gut Microbiome and Social
Determinants of Health May Contribute to Clostridioides
difficile Infection Among Racial and Ethnic Minorities
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Infectious diseases are a leading contributor to death in the United States, and racial differences in clinical outcomes have been
increasingly reported. Clostridioides difficile infection (CDI) is a growing public health concern, as it causes nearly half a million
infections per year and considerable excess hospital costs. Concurrent with other infectious diseases, recent literature denotes
racial disparities in CDI incidence rates, mortality, and associated morbidity. Of note, investigations into CDI and causative
factors suggest that inequities in health-related social needs and other social determinants of health (SDoH) may cause
disruption to the gut microbiome, thereby contributing to the observed deleterious outcomes in racially and ethnically
minoritized individuals. Despite these discoveries, there is limited literature that provides context for the recognized racial
disparities in CDI, particularly the influence of structural and systemic barriers. Here, we synthesize the available literature
describing racial inequities in CDI outcomes and discuss the interrelationship of SDoH on microbiome dysregulation. Finally,

we provide actionable considerations for infectious diseases professionals to aid in narrowing CDI equity gaps.
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Despite worldwide advancements in biomedical technology,
treatments, and public health interventions, inequitable distri-
bution of disease and socioeconomic health outcome dispari-
ties continue [1]. As defined by the Office of Disease
Prevention and Health Promotion, health disparities are ad-
verse health differences experienced by socially disadvantaged
groups, whereas health equity focuses on how individuals
from diverse social backgrounds, including those from histor-
ically marginalized communities (race/ethnicity, gender, sexual
orientation, able status), can achieve their optimal health with-
out encountering barriers [2]. Consequently, inequities in so-
cial determinants of health (SDoH), or health-related social
needs, in addition to structural racism, can further exacerbate
deleterious outcomes across marginalized groups. Social
determinants that impact health include economic stability, ed-
ucation access and quality, healthcare access and quality, neigh-
borhood and built environment, and social and community
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context [3]. Achievement of the Healthy People 2030 goal of
eliminating health disparities requires a deep understanding
of SDoH (eg, structural racism, systemic bias) and identifying
novel biological pathways (eg, microbiome) that contribute to
inequities [2, 3].

Health inequities have led to observed disparities in disease
incidence, prevalence, mortality, and financial burden, particu-
larly across persons from racially and ethnically minoritized
(REM) groups [3]. Of note, infection is the second leading con-
tributor (21.1%) to racial disparities in all-cause mortality when
compared with other major categories of disease (eg, cardiovas-
cular disease, trauma, cancer) [4]. More prevalently, disparities
among REM groups have been observed in human immunode-
ficiency virus, viral hepatitis, sexually transmitted infections,
tuberculosis, and coronavirus disease 2019 [5].

Recent studies have also highlighted disparities in
Clostridioides difficile infection (CDI) risk and health outcomes
among REM groups (Table 1). These studies have documented
higher risk of incident CDI among White patients compared
with REM individuals, even after stratifying by likelihood of
antibiotic exposure [6, 7]. However, REM groups appear to
be disproportionately affected by poor CDI health outcomes.
Multiple studies have found that patients who are Black are
more likely to experience recurrent CDI [8, 9]. Patients who
are Black or Hispanic may also more commonly experience se-
vere CDI and incur higher treatment-related costs [6, 9], which
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Table 1.

Overview of Published Literature Identifying Clostridioides difficile Infection Health Disparities

Study Population Outcome Key Findings P Value
Freedberg et al 2013 Single-center hospital CDlI recurrence Black versus White race
(n=894 CDI patients) Hazard ratio, 1.66; 95% confidence
interval, 1.05-2.63
Mao et al 2015 National sample of US hospital CDl incidence Black race: 0.75% .001
discharges that included Asian race: 0.25% .003
antibiotic exposure (n =178 Hispanic ethnicity: 0.50% .059
000 CDI discharges) White race: 1.0%; .001
CDI complications Black race: 7.8% 1.000
Asian race: 9.0% .824
Hispanic ethnicity: 7.8% .824
White race: 8.25% 1.000
Inpatient mortality Black race: 1.0% 1.000
Asian race: 0.20%
Hispanic ethnicity: 1.5%
White race: 1.2%
Argamany et al 2016 National sample of US hospital CDl incidence Black race: 4.9 per 1000 <.001
discharges (n=1.7 million White race: 7.7 per 1000
CDI discharges)
Severe CDI Black race: 24% <.001
White race: 19%
Inpatient mortality Black race: 7.4% <.001
White race: 7.2%
LOS >7 days Black race: 57% <.001
White race: 52%
Young et al 2022 National sample of US Severe CDI Black race: aOR 1.85 (1.71-2.00)
healthcare system (n =45 Hispanic ethnicity: aOR 1.22 (1.08-1.38)
331 CDI encounters)
Recurrent CDI Black race: aOR 1.17 (1.03-1.34)
Hispanic ethnicity: aOR 0.94 (0.76-1.17)
Inpatient mortality Black race: aOR 0.96 (0.82-1.13)
Hispanic ethnicity: aOR 0.93 (0.72-1.21)
LOS >7 days Black race: aOR 1.29 (1.19-1.41)
Hispanic ethnicity: aOR 0.89 (0.78-1.02)
Treatment costs (recurrent CDI) Black race: $12 352, <.001 <.001
Hispanic ethnicity: $11019
White race: $8502
Lee et al 2023 Single hospital system (n=219 Severe CDI REM: 40.0% 779
CDI patients) Non-REM: 38.1%
Intensive care unit admission REM: 42.2% .016
Non-REM: 26.2%,
Inpatient mortality REM: 10.4% .b37
Non-REM: 13.1%,
LOS >10 days REM: 74.0% .016
Non-REM: 32.0%
Skrobarcek et al 2021 CDlI surveillance in 10 US “Poverty” factor RR: 1.19 (1.15-1.22) .0001
states (n=9413 CA-CDI
cases)
“Foreign-born” factor RR: 1.05 (1.02-1.08) <.001
“High-income" factor RR: 0.95 (0.92-0.97) <.001
Hudspeth et al 2019 CDI surveillance in Bernalillo >20% no health insurance Incidence rate ratio: 1.718 (1.4-2.108) <.001
County, New Mexico
(n=1672 CA-CDI cases)
CDl incidence White women: Reference <.001
Black women: 5.98 (3.379-10.567) <.001
Asian race: 9.353 (5.444-16.067) <.001
White men: Reference <.001

Black men: 27.681 (12.931-59.256)
American Indian/Alaskan Native men:
11.657 (5.781-23.507)

Abbreviations: aOR, adjusted odds ratio; CA-CDI, community-associated Clostridioides difficile infection; CDI, Clostridioides difficile infection; LOS, hospital length of stay; REM, persons from
racial or ethnic minority groups; RR, relative risk.

S456 « CID 2023:77 (1 December) « Reveles et al



may be partially mediated by underlying chronic conditions
[10]. In parallel with these findings, Argamany et al [6] found
that patients with CDI who are Black had higher mortality
and experienced longer hospital stays compared with patients
who are White. Importantly, several studies included certain
SDoH factors. Mao et al [7] found that CDI rates increase
with higher income levels and were higher for hospitalization
paid by Medicaid or classified as self-pay or free care. In
contrast, Hudspeth et al [11] reported that census track-level
socioeconomic measures, such as a high percentage of
individuals without health insurance, were predictive of
community-associated CDI (CA-CDI). Similarly, Skrobarcek
et al [12] found that low socioeconomic status (SES), as defined
by “poverty” and “foreign-born” factors, was positively associ-
ated with CA-CDI incidence, whereas “high income” was neg-
atively associated with CA-CDI incidence.

Many factors likely influence the observed differences
among REM persons in CDI incidence and health outcomes in-
cluding multimorbidity, health care exposure, access to care,
quality of care, and socioeconomic factors. Additionally, CDI
pathogenesis is tightly linked to disruption of the healthy gut
microbiome, and emerging evidence links microbiome changes
with individual (eg, health and lifestyle) and population-level
determinants of health. None of the currently published litera-
ture on CDI disparities has explicitly evaluated the impact of
the gut microbiome or the gut microbiome-SDoH interaction.
In this review, we use CDI as a framework to describe the com-
plex relationship between the gut microbiome and the many
factors that may contribute to health disparities among persons
of REM groups in infectious diseases.

THE ROLE OF THE MICROBIOME IN INFECTIOUS
DISEASES AND CDI PATHOGENESIS

The human microbiome refers to the collection of microbial ge-
nomes located in or on the body. Microorganisms are found in
nearly every anatomical location, though the gastrointestinal
tract (gut microbiome) harbors the highest microbial concen-
tration. The gut microbiome’s functions and relationship
with human health and disease have been extensively reviewed
previously [13, 14]. In infectious diseases, the microbiome pro-
tects against pathogens through production of antimicrobial
compounds, competition for resources, and modulation of
host-microbe-immune interactions [15]. Dysbiosis, broadly
defined as a change in commensal microbiota community
structure compared with healthy individuals [16], has been as-
sociated with enteric infections and antimicrobial resistance
gene colonization (gut), bacterial vaginosis and sexually trans-
mitted infections (vaginal), and skin and soft tissue infections
(skin and nasal) [17]. One of the most well-established

relationships between the microbiome and disease is with
CDI. Dysbiosis, primarily related to antimicrobial exposure, re-
sults in significant reduction in gut microbial diversity and a
loss of core microbiota from the Firmicutes and Bacteroides
phyla. Ultimately, these structural changes create an environ-
ment conducive to C. difficile colonization and germination
to the toxin-producing form, whereby there is a shift in abun-
dance of anti-germinant secondary bile acids to pro-germinant
primary bile acids [18].

The primary, direct contributors to dysbiosis and CDI path-
ogenesis, such as antimicrobial use, healthcare exposures, older
age, and underlying disease, are well established; however, there
are relatively fewer investigations of the relationships between
race/ethnicity, SDoH, and upstream contributions to gut mi-
crobiome dysbiosis. Numerous studies have documented mi-
crobiome structure differences between REM groups
compared with nonminoritized groups [19-21]. In a large
cross-sectional study of Americans, Brooks et al [21] docu-
mented 12 microbial genera and families that reproducibly
vary by self-declared ethnicity. While race and ethnicity are
considered individual-level factors, they are not biological con-
structs but rather social constructs that may serve as a proxy for
socioeconomic variation. The disparity in microbiome compo-
sition and CDI-related outcomes is likely related to systematic
exposure to poorer SDoH. The reasons for these systematic dif-
ferences are complex; however, it is critical to emphasize that
the observed differences are likely the result of systems of op-
pression (eg, racism, sexism, ableism). With this caveat, the fol-
lowing sections describe the CDI-gut microbiome-SDoH triad
using direct evidence and theoretical frameworks (Figure 1).

RACIAL/ETHNIC DISPARITIES RELATED TO THE
MICROBIOME AND INDIVIDUAL-LEVEL FACTORS

Comorbidities

REM individuals are disproportionately affected by chronic
and immunocompromising conditions, which may place
them at higher risk for CDI and poor health outcomes. For ex-
ample, certain comorbidities have been identified to increase
CDI risk, notably cancer, diabetes mellitus, heart failure, and
chronic kidney disease [22]. Many of these factors also have a
demonstrated relationship with the microbiome either directly
or indirectly related to medication use and healthcare expo-
sures. Cancer is one of the strongest comorbidity risk factors
for CDI that also has notable racial/ethnic disparities and ro-
bust evidence for microbiome associations. Other chronic co-
morbidities may play a role as well. Obesity, for example, is
more prevalent among persons of racial and ethnic minorities
[23]. Obesity has been associated with notable changes in the
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Figure 1. Complex relationships between the microbiome, social determinants of health, and health inequities in CDI. This figure demonstrates how social and structural
determinants of health, as well as health and lifestyle factors, shape the gut microbiome and its influence on CDI. These relationships demonstrate that different patient
populations may experience health disparities, providing valuable insights for addressing CDI outcomes and promoting health equity. Abbreviation: CDI, Clostridioides difficile

infection. (Created with BioRender.com)

microbiome [24] and CDI risk independent of antimicrobial or
healthcare exposures [25].

Advanced Age

Older adults disproportionately develop CDI and experience
higher rates of hospitalization and mortality [22]. The diversity
and complexity of the microbiome develop over the human life
span. The infant microbiome is shaped by a variety of environ-
mental exposures, including delivery method, feeding practices
(eg, breastfeeding), and antibiotic exposure. Disparities in these
exposures may lead to microbiome dysbiosis and CDI risk.
For example, non-Hispanic Black persons are 14.9% less likely
to breastfeed infants compared with non-Hispanic White
individuals [26], and breastfeeding is associated with lower rates
of C. difficile colonization in infants [27]. In general, older adults
tend to lose microbial diversity and abundance of core microbial
taxa, similar to the trends seen among patients with CDI [28].
Importantly, older adults also can experience a low-grade sys-
temic inflammation and decline in immune system function
(ie, immunosenescence). The causes of these age-associated
changes are a subject of continued investigation; however,
emerging evidence suggests that this relationship may be par-
tially mediated by changes in microbiome function [29].
Alternations in immune and inflammatory response may then
predispose patients to develop clinical infection and more severe

infection, though further research is needed to validate this
theory. While the relative impact of the aging microbiome by
race and ethnicity is largely unknown, these data and the dispro-
portionate impact of individual and public health factors among
minorities highlight the complex interplay between age and the
development of aging-related health conditions over time that
may disproportionately affect minoritized groups.

Diet and Lifestyle

While the relationship between diet and CDI has been largely
unexplored, numerous studies have documented the impact
of diet and lifestyle factors on the microbiome and how these
factors vary for minoritized groups. Diet is considered one of
the primary drivers of microbiome structure through regula-
tion of microbial taxa diversity and abundance and their indi-
vidual or community functions [30]. However, minoritized
groups may have less access to foods that positively impact mi-
crobiome structure and function. For example, low-fat, high-
fiber (LFHF) diets positively impact gut microbiome diversity
and function [30]. However, LFHF diets tend to be less acces-
sible to low socioeconomic and minoritized groups [31].

In addition to diet, other lifestyle factors may impact the gut
microbiome. For example, higher levels of stress experienced
by minoritized populations due to systemic bias and oppression
[32] may alter microbiome composition [33]. Alcohol intake,
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tobacco use, exercise frequency and intensity, and personal hy-
giene all play a role in shaping microbiome composition [34]. It
is important to emphasize that the diet and lifestyle differences
seen between racial and ethnic groups are likely heavily influ-
enced by multiple factors, especially access to healthy food,
knowledge about healthy food, and other SDoH that are often
outside of individuals’ control, as described below.

RACIAL/ETHNIC DISPARITIES RELATED TO THE
MICROBIOME AND PUBLIC HEALTH LEVEL FACTORS

Healthcare Access and Quality
The clearest impact of SDoH on the microbiome and CDI is re-
lated to healthcare access and quality. Currently in the United
States, the proportion of insured individuals is lower in REM
groups compared with non-REM groups [35]. The insurance
gap has several potential population-level consequences includ-
ing worse management of chronic conditions (see above), high-
er use of emergency department services, and increased risk of
hospitalization. The latter 2 items have been directly linked to
increased risk of C. difficile acquisition [36]. When patients in
minoritized communities become infected with CDI, they also
may have less access to primary care physicians [37]. This
may lead to delays in care that can cause disease progression pri-
or to treatment. The cumulative effect of lower access appears to
be an indirect but potentially significant upstream contributor
to gut microbiome health. The direct impact of healthcare ac-
cess on microbiome health still requires future research.
Healthcare quality may also vary by REM community mem-
bership. A specific example of these differences is the quality of
antibiotic use. These differences are seen across treatment set-
tings and age groups. For example, a nationwide cross-sectional
study of more than 7.0 billion outpatient visits demonstrated
that Black and Hispanic patients had the highest inappropriate
antibiotic prescribing rates [38]. Since quality of antibiotic pre-
scribing is a well-established risk factor for C. difficile, it is ex-
pected that this effect would translate to an increased risk of
worse gut microbiome outcomes, including CDI.

Economic Stability, Education Access, and Educational Quality

Economic stability, education access, and educational quality
have also been linked to gut microbiome health. These terms
are combined here using the term “socioeconomic status,”
but the term should be used with caution as there is no stan-
dardized definition. Studies directly or indirectly link socioeco-
nomic status to microbiome differences in relative abundances
of microbial taxa, alpha-diversity, and other measures of dis-
similarity [20]. Socioeconomic status also has been associated
with C. difficile acquisition. For example, in an active surveil-
lance study of 9682 community-acquired CDI cases in 2474
census tracts, “poverty” (combination of income, educational
attainment, and other covariates as 1 factor) was associated

with an increased risk ratio for CA-CDI (1.19; 96% confidence
interval, 1.15-1.22) [12]. Although a clear relationship between
socioeconomic status stability exists, it is important to note the
interrelatedness between economic stability and other factors
such as food security, housing, and insurance status.

Social and Community Context

There is indirect evidence for the influence of social and com-
munity context, including health literacy and social support,
on CDI health outcomes. First, and closely related to the section
above, educational access and quality directly impact health lit-
eracy, which can then affect healthcare use and quality of care.
For example, lower health literacy has been previously linked
with lower knowledge of antibiotics [39]. Lack of knowledge
of antibiotics and their side effects can, in turn, lead to failure
to recognize CDI when it occurs and delayed treatment, which
can perpetuate risk for poor health outcomes. Thus, individuals
oflow socioeconomic status have been shown to have lower lev-
els of health literacy, and due to systemic and structural barriers,
individuals are more likely to have a low SES designation. The
community context regarding peer support also warrants exam-
ination because of social norms found within REM communi-
ties. For instance, due to perceived lower health literacy,
Hispanic individuals were shown to be more likely to believe
that an antibiotic would help them recover more quickly from
a viral infection and more likely to seek and acquire antibiotics
not prescribed by a clinician [40]. Patient desire to receive an an-
tibiotic has been demonstrated to increase the probability of an-
tibiotic prescribing, even when inappropriate [41]. In sum, these
data would suggest that specific REM communities are at in-
creased risk for inappropriate antibiotic use and CDI due to so-
cial and community contexts. These indirect impacts are likely
to contribute to gut microbiome and CDI outcomes; however,
additional research is needed to understand the full effect of so-
cial and community context on gut microbiome outcomes.

Neighborhoods and Built Environments

There are several potential impacts of neighborhoods and
built environments on the microbiome and CDI. Time spent
indoors and access to green spaces are believed to be associated
with gut microbiome diversity [42]. However, low SES- and
REM-identifying persons may have less access to safe, outdoor
green spaces compared with other groups [43]. Access to clean
water can also contribute to poorer outcomes across REM
groups [36]. This lesser access to positive living environments
is attributed to historical systemic housing segregation and
the concentration of REM individuals in heavily disparaged liv-
ing areas [44]. Although the United States currently is on target
for the Healthy People 2030 goal of “the proportion of people
whose water supply meets Safe Drinking Water Act regula-
tions,” REM communities may drink less tap water on average
in part due to decreased trust of municipal drinking water [45].
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Hydration, access to clean water, and trust of municipal drink-
ing water are important social determinants since hydration is a
cornerstone of therapy in the management of diarrhea.

Crowded living conditions also contribute to gut micro-
biome health and CDI risk. Also resultant of housing barri-
ers, it is estimated that REM individuals are more likely to
live in crowded conditions and to live with healthcare work-
ers [46]. Living in crowded conditions is a well-established
risk factor for acquisition of communicable diseases [47], in-
cluding CDI [36].

FUTURE PUBLIC HEALTH POLICY AND RESEARCH
NEEDS

In this review, we highlight the growing body of evidence that
supports the links between the gut microbiome, individual and
public health-related factors, and health inequities in infectious
diseases. However, significant gaps in research and health pol-
icy exist that must be addressed to advance science and pro-
mote health equity.

Public Health Policy

Public health policy can be leveraged to diminish health ineq-
uities in infectious diseases. Much of this work begins by engag-
ing stakeholders at the individual (eg, patients, providers,
healthcare institutions) and population levels (eg, government,
regulatory bodies, medical associations, funding agencies) to
measure and address health inequities. A recent commentary
by Ma et al [48] provides a conceptual model for measuring
healthcare equity, including prevention and access, transitions,
quality of care, post-discharge, and social and structural equity.
Given that disparities in CDI incidence and outcomes are likely
linked to these factors, we provide an example of a CDI health-
care equity model. First, patients should have equitable access
to preventative and acute care. While healthcare exposures
may predispose to C. difficile colonization, preventative care
can aid in preventing or mitigating underlying health condi-
tions that may place patients at higher risk for clinical infection.
Next, patients with CDI often require care in different settings,
which makes coordination among patients, caregivers, and
providers essential to minimize negative health outcomes.
Patients suspected of having CDI should have equitable and
timely admission to the appropriate site of care (eg, primary,
hospital admission, intensive care unit, long-term care).
Quality of care can then be measured using infection-relevant
health outcomes, such as clinical cure, hospital length of stay,
mortality, readmissions, and recurrences. Next, post-discharge
planning and execution should be equitable and should include
access to prescribed treatments in the outpatient setting, coun-
seling on proper home cleaning procedures, medications that
may increase their risk for recurrence, and symptoms that
may require them to contact their provider and schedule

follow-up. Finally, social and structural equity can be measured
at the community level using socioeconomic and environmen-
tal factors as described above.

Diversity in Clinical Trials and Observational Studies

REM participants have historically been underrepresented in
clinical trials. Lack of representation could limit the generaliz-
ability of study findings to the general population but also limit
access to potentially effective medical interventions and com-
pound health disparities in these groups. Recently, US Food
and Drug Administration—approved CDI therapies highlight
this lack of diversity. The phase 3 clinical trials for both fidaxo-
micin and bezlotoxumab did not report participant race or eth-
nicity as part of their main study findings. More recently, 2
microbiome-targeted, live biotherapeutic products have been
approved for prevention of recurrent CDI. The phase 3 trial
for fecal microbiota, live-jslm (Rebyota) included approximate-
ly 5% Black and 2% Hispanic patients [49], and the phase 3 trial
of fecal microbiota spores, live-brpk (Vowst) included 4% Black
and 6% Hispanic patients [50]. These percentages are well below
the population demographics of the United States: 12% Black
and 19% Hispanic. Given the above-described differences in mi-
crobiome by SES, microbiome-targeted therapeutics may not be
universally effective. Further studies using geographically or
population-based precision microbiome therapeutics may be
necessary to achieve optimal results.

Advances in Health Equity and Microbiome Research

Last, while there has been exponential growth in microbiome
research in the past few decades, many studies have significant
limitations, underrepresentation of minorities, and lack of
measurements of social determinants of health or health ineq-
uities. In order to advance science in this field, future studies
with adequate sample size should aim to integrate microbiome
structure and function with health outcomes and SDoH. These
studies could then control for confounding related to socioeco-
nomic, environmental, psychosocial, and epigenetic factors
that may be mediating the relationship between race/ethnicity
and health outcomes. To do this, studies should include com-
prehensive data collection on patients, providers, healthcare fa-
cilities, and the community. Studies would also benefit from
multidisciplinary teams, including basic, clinical, public/popu-
lation health, social, and translational scientists, to optimize
study design and execution and be inclusive of scientists
from various backgrounds. Finally, most microbiome studies
have focused on identifying associations between microbiome
structure and disease, but fewer identify mechanistic/causal
links. Advancements in whole-genome sequencing technology,
multi-omics techniques, and epigenetics could play a critical
role in linking functional changes in the gut ecosystem to
disease and determinants of health.
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CONCLUSIONS

Recent studies have highlighted health disparities in CDI inci-
dence and health outcomes for racial and ethnic minorities.
While there are numerous factors that contribute to health dis-
parities in infectious diseases, a growing body of evidence indi-
cates that the gut microbiome may play a role in responding to
or perpetuating these disparities due to associations with un-
derlying CDI risk factors and SDoH. This is particularly rele-
vant in the CDI space, as CDI pathogenesis is tightly linked
to ecological and functional changes in the gut microbiome,
and more recent microbiome-targeted therapeutics aim to mit-
igate these effects. To achieve health equity in infectious diseas-
es, advocacy that engages multiple levels of stakeholders to
create public health policy is needed. Furthermore, future re-
search should integrate social and structural determinants of
health and advancing microbiome technologies.
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