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Abstract
Sepsis is a major contributor to the global burden of
disease. The majority of sepsis cases and deaths are
estimated to occur in low and middle-income countries.
Barriers to reducing the global burden of sepsis include
difficulty quantifying attributable morbidity and mortality,
low awareness, poverty and health inequity, and underresourced and low-resilience public health and acute
health care delivery systems. Important differences in the
populations at risk, infecting pathogens, and clinical
capacity to manage sepsis in high and low-resource
settings necessitate context-specific approaches to this
significant problem. We review these challenges and
propose strategies to overcome them. These strategies
include strengthening health systems, accurately
identifying and quantifying sepsis cases, conducting
inclusive research, establishing data-driven and
context-specific management guidelines, promoting
creative clinical interventions, and advocacy.
Keywords: Health resources, Poverty, Public health,
Sepsis, Low-income countries

Background
Sepsis, a syndrome of dysregulated host response to infection leading to life-threatening organ dysfunction, is a substantial health burden worldwide. More than 19 million
sepsis (formerly severe sepsis) cases and 5 million
sepsis-related deaths are estimated to occur annually—the
majority in low and middle-income countries (LMICs) [1].
There is tremendous range in the capacity of public health
and acute health care delivery systems across and within
LMICs. Here, we target the challenge of sepsis in
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low-resource settings. These low-resource settings are
more prevalent in, although not exclusively confined to,
LMICs. There is heterogeneity among these low-resource
areas, including important regional, political, and economic differences. Still, these regions are frequently plagued by low-resilience health systems and are home to
people with limited access to health care.
While there are some published population-level estimates of sepsis epidemiology in high-income countries
(HICs), the methods and results of these studies are
highly variable [2–4]. In contrast, the burden in LMICs
remains decidedly understudied [1, 5]. Also, while outcomes of septic patients in HICs have improved in
recent decades [2, 6], there is little evidence to support a
similar trend in LMICs. Many barriers exist to reducing
the global burden of sepsis, particularly in low-resource
settings. Here, we review these hurdles and outline an
integrated strategy to overcome them. This review primarily targets public health policymakers and funders as
well as critical care and acute health care system leaders
working in low-resource settings. While extensive examination of every facet of sepsis prevention, identification,
and management is prohibitive, selected elements represent themes in the scientific literature and included
references serve as examples of these themes rather than
statements meant to represent all low-resource settings
or the entire body of available evidence.

Quantifying the global burden of sepsis
Challenges in definitions

Early, accurate identification of patients with sepsis is critical to improving outcomes through better targeted medical management [7], yet remains challenging. There is no
single “gold standard” diagnostic test for sepsis, and case
definitions vary widely. Use of nonspecific terminology
such as “septicemia” remains pervasive. A consensus definition of adult sepsis, originally proposed in 1991, was
most recently revised in 2016 (Sepsis-3) [8, 9]. Sepsis-3
defined sepsis as a syndrome of “life-threatening organ
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dysfunction caused by a dysregulated host response to
infection” [9], and the authors proposed that organ dysfunction be identified by a change in organ failure score
relative to baseline. The analyses underpinning these
clinical criteria were based on data exclusively drawn
from the United States and Germany [10]. The validity
of one Sepsis-3 clinical prompt, the Quick Sequential
(Sepsis-related) Organ Failure Assessment (qSOFA)
score, has now been retrospectively evaluated in multiple datasets from LMICs [11]. However, neither the
qSOFA score nor other Sepsis-3 criteria have been
tested prospectively in low-resource settings. Until
these clinical criteria are more fully validated in more
diverse populations, their utility elsewhere in the world
remains uncertain. Additionally, the Sepsis-3 Task
Force explicitly did not examine definitions of infection
and did not specify which infections, when leading to
life-threatening organ dysfunction, should be considered as causes of sepsis [9]. There is some disagreement
within sepsis and infectious disease communities regarding this issue; for example, some authors consider
malaria to be a potential cause of sepsis, whereas others
do not. This disagreement has important implications
for comparability of patient populations in research
studies and for the clinical application of sepsis treatment guidelines.
The definition of pediatric sepsis is also challenging.
Last revised in 2005 and based heavily on the 1991 adult
sepsis consensus definition, the pediatric definition offers
age-appropriate values for the systemic inflammatory
response syndrome (SIRS) criteria [12]. Combined with
suspected infection, the presence of these modified SIRS
criteria is used to identify pediatric patients with sepsis.
This definition has not been revisited in over a decade
and has posed problems in implementation, especially in
low-resource settings, due to its low specificity and
requirement for a leukocyte count [13].
Heterogeneous clinical use of definitions

While the adult and pediatric consensus sepsis definitions are endorsed by multiple professional societies,
clinicians show high levels of disagreement regarding
the application of the definitions to clinical cases [14].
Additionally, the sepsis definitions are currently operationalized through the use of various clinical scoring
systems (such as the qSOFA score, SOFA score, or
SIRS criteria), some of which may be impractical to
use at the bedside in low-resource settings. Moreover,
the burden of sepsis is very difficult to quantify when
clinicians do not uniformly document it in their practice. Often patients are classified based on the primary source of infection, such as pneumonia or
meningitis, but are not explicitly deemed to have sepsis [15]. Accurate assessment of sepsis epidemiology
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is most feasible on a broad scale through the use of
International Classification of Diseases (ICD) coding
in administrative data or vital records, but this is impossible without more uniform coding practices
worldwide.
Initiatives to quantify the burden

As a result of these issues related to sepsis definition
and documentation, most estimates of the global burden of sepsis are likely to be inaccurate. Further, it is
likely that many sepsis deaths occur at home, particularly in low-resource settings, and thus are less likely
to be identified and documented as sepsis related.
Two of the most comprehensive and rigorous efforts
to document the worldwide burden of disease, the
Global Burden of Disease study by the Institute for
Health Metrics and Evaluation (IHME) [16] and the
World Health Organization’s (WHO) World Health
Statistics [17], have not previously quantified the burden of sepsis beyond neonatal or maternal sepsis.
Encouragingly, the IHME has recently indicated that
it will produce estimates for the burden of sepsis for
the first time, and the World Health Assembly of the
WHO passed a resolution on Improving the Prevention, Diagnosis, and Management of Sepsis in May
2017 [18].

Sepsis highlights health system challenges
In low-resource settings, poverty, political corruption,
health inequity, and under-resourced and low-resilience
public health and acute health care delivery systems are
fundamental contributors to the burden of sepsis (Fig. 1).
For example, poverty-associated conditions such as poor
preventive health care, limited vaccine coverage, malnutrition, substandard living conditions such as indoor air
pollution, bed sharing, and inadequate ventilation and
sanitation, and exposure to environmental and animal
vectors increase risk for acute infection [19–22]. These
factors are further exacerbated by disparate funding of
health systems (Fig. 2), delays in identifying and reaching
appropriate care, and inadequate systems to prevent
health care-associated infections [23, 24]. Addressing
these issues, which are broadly relevant to health, is
likely the greatest but perhaps the most challenging approach to reduce the global burden of sepsis. Moreover,
given the significant variability within and across LMICs,
it is critical to recognize that health system challenges
must be evaluated at the community level, and the issues
outlined in the following cannot be uniformly generalized to all areas of all LMICs.
Human resources

Health care facilities frequently lack the personnel to
care for patients with sepsis. Indeed, 83 countries—all of
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Fig. 1 Burden of sepsis highlights public health and acute health care delivery system challenges. ICU intensive care unit, PICU pediatric intensive care unit

which are in Latin America, Africa, and Asia—do not
meet the WHO standards for minimum health care
worker-to-population ratios [25]. Inadequate staffing of
health care centers and gaps in providers’ knowledge
can impede rapid identification and treatment of
patients with sepsis [26]. These knowledge gaps may be
greater for pediatric sepsis care, as many areas lack pediatricians, and providers who do not routinely care for
children may be uncomfortable with the nuances of
pediatric resuscitation.

Facilities

Fig. 2 Annual health expenditure per capita in high-income countries
(HICs) versus low or middle-income countries (LMICs). The 2014 health
expenditure per capita from World Bank’s DataBank Health, Nutrition,
and Population Statistics database [23]

Many countries do not have sufficient health care facilities to care for the population they serve, with overcrowded medical wards or long distances between
patients’ homes and the nearest health center. The available facilities are sometimes in poor condition, with
inadequate sanitation, ventilation, electrical supply, or
lighting to allow for safe patient care [27]. This can impede appropriate care and contribute to the spread of
health care-acquired infections.
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Surgical capacity

Capacity for timely surgical intervention to eradicate
infection may be limited due to a combination of inadequate facilities, essential medications, supplies, and
human resources (including surgeons and anesthesiologists) [28]. At least 4.8 billion people (67% of the
world’s population) do not have access to surgery—including more than 95% of the population in South Asia
and central, eastern, and western sub-Saharan Africa
[28]. Based on current surgical rates and rates of
growth in surgical capacity, 73% of the world’s population will still be living in countries below the minimal
recommended surgical rate in 2035 [29]. Pediatric surgical capacity is particularly problematic [30].
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There is a paucity of adequate microbiological diagnostic capacity in many settings, limiting clinicians’ ability to tailor antimicrobial therapy to local pathogen and
resistance profiles or individual patients’ pathogen sensitivity and resistance patterns, as is recommended in
many sepsis management guidelines [40]. Diagnostic
capacity extends beyond just physical components of
microbiology laboratories such as reliable access to consumable supplies, and includes staffing with adequate
numbers of appropriately trained professionals such as
phlebotomists and laboratory technicians, as well as necessary oversight and enforcement of good clinical laboratory practice [41].
Inadequate, inferior, and misused antimicrobials

Critical care capacity

Critical care capacity is suboptimal worldwide, with
inadequate high acuity and intensive care unit (ICU) facilities, providers, and supplies [31]. ICUs are often so
chronically overcrowded that they are unable to accommodate critically ill patients with sepsis or septic shock,
resulting in patients requiring vasopressors or mechanical ventilation being managed outside of the ICU—
where the degree of monitoring is highly variable, if not
absent. In some countries, ICU care is only accessible to
the wealthy. Even where high-quality critical care facilities are available, allocation of scarce resources may not
be applied in a transparent, consistent, equitable, or
accountable manner [32].
Supplies and diagnostic capacity

Many hospitals lack the requisite resources to implement current sepsis management guidelines [33]. Lack
of intravenous (IV) fluids, supplemental oxygen, simple
positive pressure airway systems, and basic monitoring
equipment such as pulse oximeters is common in
low-resource settings [34]. The placement of central
venous catheters in a safe and sterile manner is often
difficult, especially in children.
This unequal global distribution of medical resources
may also limit resuscitation and organ support provided
to septic patients in low-resource settings. For example,
clinicians may avoid interventions deemed at higher risk,
such as IV fluid resuscitation in a patient with respiratory insufficiency in a setting without available oxygen
support or mechanical ventilation, for fear of doing
harm by worsening pulmonary edema and respiratory
failure [35]. Many guidelines and research studies have
focused on bundled care [36, 37], which can be challenging for clinicians who are unable to administer all features of a bundle. It is often difficult or impossible to
discern which features of a bundled management
approach are most effective—and cost-effective—in reducing sepsis morbidity and mortality [38, 39].

In many low-resource settings, critical antimicrobials
may not be available due to drug shortages, cost, or local
import and regulation systems. Improving timely access
to appropriate, effective, and affordable antimicrobials is
of utmost importance. Counterfeit or substandard medications are a major problem, particularly where regulatory agencies are absent or ineffective, impacting
millions of people annually [42, 43]. Consequently, use
of these medications can result in inadequate treatment
of infection, increasing morbidity and mortality. Other
potential consequences include exacerbation of antimicrobial resistance (AMR) or adverse effects due to exposure to contaminants or unknown ingredients.
Overuse and abuse of antimicrobials is a major challenge in both low and high-resource settings. In many
countries, antimicrobials are available without prescription in community pharmacies, potentially delaying
care and fueling antibiotic resistance. However, these
risks must be balanced against the potential benefits of
increased access to medications in settings with few
trained health care workers or limited access to appropriate medical care. Improper physician prescribing
practices, fueled by unregulated pharmaceutical company marketing to prescribers, can also contribute to
antimicrobial misuse [44, 45]. Poor antibiotic stewardship due to lack of access to adequate microbiology and
diagnostic tests, and inadequate infectious disease and
microbiology subspecialty expertise, can contribute to
the increasing burden of AMR infections in LMICs
[46–48].
AMR may be a major driver of the global burden of
both community and hospital-acquired sepsis. More
than 700,000 deaths per year may be attributable to
AMR infections globally, and this number could reach
10 million by 2050 if the current trend is not addressed
[49]. Additionally, while patients in HICs with
drug-resistant infections usually have access to alternative (and often more expensive) antibiotics, many in
LMICs do not. Unfortunately, AMR data are not
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available for many LMICs (e.g., one recent review failed
to identify any AMR data from 43% of African countries), and the quality of microbiological data is highly
variable [50]. In areas of the world for which data are
available, the level of resistance is frequently alarming
[50–52]. The prevalence of AMR organisms has important implications for management of sepsis, particularly
in areas without access to robust clinical microbiology
facilities.
Addressing acute complications of sepsis

Many health systems are unable to adequately address
acute complications of sepsis. For example, venous
thromboembolism prophylaxis is not appropriately
employed in much of the world, and may be unavailable in low-resource settings [53]. Many hospitals in
LMICs are unable to provide acute renal replacement
therapies for the upwards of 30% of sepsis patients
who develop acute kidney injury [54, 55]. This lack of
resources to manage life-threatening acute complications of sepsis almost certainly substantially increases
sepsis-associated mortality in low-resource settings,
even when the underlying infection may be treatable.
The risk of developing a secondary health
care-associated infection may be up to 20 times
higher in LMICs than in HICs [56], placing patients
at risk for developing a second sepsis episode due to
an antimicrobial resistant organism and increasing the
burden on the health system.
Postdischarge morbidity and mortality

Long-term morbidity and mortality must be considered when evaluating the burden of sepsis globally.
For example, one in every five pediatric sepsis survivors has a new functional disability [57]. Many health
systems are unable to address short and long-term
physical and psychological debility related to sepsis.
Physical therapy, occupational therapy, rehabilitation
medicine, and nursing care facilities are absent in
many low-resource settings, impacting the functional
outcomes of sepsis survivors and forming a significant
barrier to reducing the burden of disability due to
sepsis worldwide.
Among children, postdischarge mortality in LMICs is
similar to, if not even higher than, in-hospital mortality
[58]. This postdischarge mortality burden is borne by
patients with identifiable risk factors, and these deaths
occur early during the postdischarge period. While these
observations suggest there may be early opportunities to
decrease the burden and mortality [59], these issues remain challenging even in highly resourced settings, and
are vastly understudied or addressed in low-resource
settings.
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Sepsis care in high-resource settings may not be
effective in low-resource settings
In the absence of robust data to guide optimal sepsis
care in low-resource settings, caution must be taken in
extrapolating from data generated in high-resource
settings. Several characteristics of sepsis in low-resource
settings, such as differences in populations at risk,
infecting pathogens, and clinical circumstances, suggest
that sepsis care in high-resource settings may not be
effective in low-resource settings (Table 1).
Differences in hosts

Key patient characteristics—comorbidities such as
human immunodeficiency virus (HIV) or malnutrition,
variability in environmental factors, or genetic features
of host response—modify how sepsis presents in some
LMIC settings. The high prevalence of HIV among patients with sepsis in some parts of the world dramatically
changes the microbiologic profile and thus the antimicrobial strategy. Malnutrition significantly alters the
presentation and management of sepsis, particularly
among pediatric patients [60]. Fluid resuscitation and
antimicrobial strategies must take this important comorbidity into account.
Differences in pathogens

While bacterial infections account for a large majority of
sepsis in HICs [61], sepsis in LMICs is characterized by
different types of bacteria, including mycobacteria, and
much higher proportions of nonbacterial organisms such
as parasites and viruses [62]. Escherichia coli, Enterococcus
faecalis, and Staphylococcus aureus are commonly isolated
causes of sepsis in the United States [61, 63], and E. coli
and S. aureus have also been found to be common causes
of bacteremia in Thailand [64]. However, invasive nontyphoidal salmonella is an important cause of bacteremia in
Africa; a meta-analysis of community-acquired bloodstream infections in Africa found that Salmonella enterica
Table 1 Reasons why sepsis care in high-resource settings may
not be comparably effective in low-resource settings
Populations at risk
• Poor access to preventive health care
• Unidentified and inadequately controlled comorbidities
• HIV
• Malnutrition
• Genetic features of immune response
Infecting pathogens
• Parasitic, viral, and mycobacterial infections
• Antimicrobial resistance
• Health care-associated infection
Clinical circumstances
• Limited critical care capacity
• Inadequate human resources
• Lack of large, high-quality, prospective sepsis studies in LMICs
• Insufficient implementation science research
HIV human immunodeficiency virus, LMIC low and middle-income country
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was the most prevalent isolate overall and in adults, and
Streptococcus pneumonia was the most common isolate in
children [65, 66]. Melioidosis (infection with Burkholderia
pseudomallei) is the second most common cause of
bacteremia in northeast Thailand [67]. There is a very
high prevalence of tuberculous mycobacteremia among
septic patients in Uganda and Malawi [68, 69].
Many patients in LMICs develop sepsis due to nonbacterial infections. For example, rickettsiosis is commonly found in sepsis patients throughout Southeast
Asia [70]. Some studies have reported decreased sepsis
mortality by empirically treating malaria [71]. Malaria
and other acute parasitic infections, while often presenting in comparable fashion to bacterial sepsis, merit specific treatment [72]. Dengue virus is another common
cause of sepsis in LMICs. This infection, characterized
by severe thrombocytopenia and sometimes associated
with profound extravasation of intravascular fluid, may
require unique resuscitation strategies.
Differences in clinical environments

The very different clinical environments in low-resource
settings may also contribute to the nonapplicability of
standard management strategies in high-resource settings. RCTs conducted in critically ill patients in
low-resource settings reinforce this concern. A
single-center RCT of adult patients with severe sepsis in
Zambia was stopped early due to higher mortality
among patients with hypoxemic respiratory failure in the
IV fluid intervention arm [38]. An RCT of early versus
late enteral feeding among cerebral malaria patients in
Bangladesh found increased incidence of aspiration
pneumonia in the group receiving early feeding [73].
Limited nursing personnel, ICU capacity, and availability
of mechanical ventilation may have contributed to these
adverse outcomes in the intervention groups.
The Fluid Expansion as Supportive Therapy trial demonstrated the dangers of aggressive IV fluid resuscitation
in a population of East African febrile children who had
some features of impaired circulation [74]. Additionally,
a protocol for early resuscitation with IV fluids and
vasopressors among adults (most of whom were
HIV-positive) with sepsis and hypotension in Zambia resulted in higher in-hospital mortality compared with
usual care [75]. With this evidence of harm in both adult
and pediatric patients with sepsis and septic shock in Africa, and the absence of high-quality clinical trials in
similar settings demonstrating any benefit of aggressive
fluid resuscitation in sepsis, there is essentially no
context-specific evidence supporting recommendations
for fluid resuscitation in sepsis. Despite this lack of evidence, aggressive fluid resuscitation is advocated in some
international and local LMIC sepsis management guidelines [37, 76]. These examples underscore the need for
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caution in the implementation of best practices from
high-resource settings to other settings and populations
in which they have not been validated.

Practical steps to reduce the global burden of
sepsis
Accurately identify and quantify sepsis cases

To reduce the global burden of sepsis, several steps are
necessary (Table 2). First, international adoption of a
single clear, cohesive definition of sepsis is critical. Importantly, implementation of this definition and its associated clinical criteria must be practical in low-resource
settings and needs to take into account the need for syndromic diagnoses in some areas of the world. Countries
and health systems must make efforts to improve and
standardize ICD coding practices in administrative data
and vital records, and to educate clinicians on appropriate coding for sepsis. This is challenging in all settings,
but is particularly so in hospitals with limited medical
records capacity, such as those without access to electronic medical records systems and with very little staffing (or medical coding expertise). Comprehensive,
rigorous data collection (particularly in low-resource
Table 2 Essential steps to reduce the burden of sepsis in lowresource settings
Strengthen public health and acute health care delivery systems
• Directly confront poverty and wealth inequalities
• Prevent the spread and acquisition of infectious diseases
• Accessible high-quality primary health care
• Functional public transportation and prehospital emergency
medical services
• Strong, staffed, and well-supplied referral centers accessible to all
• Increased critical care capacity, both within and outside of ICUs
Accurately identify and quantify sepsis cases
• Nuanced operationalization of sepsis definitions
• Comprehensive, rigorous, population-level, sepsis-specific data
collection in LMICs
Conduct inclusive research
• Increased partnership of adult and pediatric research communities
• Integrate sepsis research with disease-specific research and clinical
communities
• Clinical trials in austere environments
• Implementation science research
• Open data access
Establish data-driven and context-specific management guidelines
• Partner with clinicians, public health professionals, and researchers
to develop appropriate guidelines
• Validate recommendations in varied populations
• Focus on high-yield, cost-effective, and readily available
interventions
• Balance disease-specific recommendations with general approaches
Promote creative interventions
• Timing and route of antimicrobials
• Diagnostics
• Organ support
Advocacy
• Support international sepsis initiatives
• Recognize sepsis as a major public health threat
ICU intensive care unit, LMIC low and middle-income country
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settings, where there is the largest gap in reporting)
is a necessary component of any efforts to improve
sepsis care. Better data collection will lead to more
sophisticated assessment of the impact of interventions and can help to guide appropriate public health
planning and investments in health infrastructure. In
addition to sepsis-specific data collection, it is important to strengthen national and international data
collection systems to include registries of patients
with suspected infection, a subset of whom will have
sepsis.
Strengthen public health and acute health care delivery
systems

Population-level sepsis incidence and outcomes are
heavily driven by the strengths (and weaknesses) of public health and acute health care delivery systems. The
most critical interventions to reduce the global burden
of sepsis will ultimately improve public health overall
and create health benefits far beyond sepsis. The fundamental driver of suboptimal capacity to prevent, identify,
and treat sepsis in low-resource settings is health
inequity, largely driven by economic disparity. Any public health initiative to reduce the burden of sepsis must
consider how to reduce health disparities and address
issues of poverty. This includes integrating sepsis programs of multilateral organizations such as the WHO
into broader initiatives targeting health effects of poverty
more generally. In order to strengthen public health and
acute health care delivery systems in the areas with the
greatest burden of sepsis, LMIC health systems must
have more funding—this requires changes in global and
national-level economic policies.
Efforts to prevent the spread and acquisition of infectious diseases are critical, such as those focused on vaccination, nutrition, maternal education, healthy living
environments (bed nets, clean cook-stove options, and
sanitation), and safe drinking water. There must be focus
on the prevention of hospital-acquired infection as well.
Once patients develop an acute infection, reliable and
safe transportation to an appropriate health facility must
be available. Prehospital care systems need to be established where feasible and strengthened where they do
exist. Prehospital emergency care providers should be
trained in the identification and early management of
patients with sepsis, an intervention that has been associated with reduced mortality [77].
Once patients with sepsis reach health care facilities,
they must have access to the basic personnel and material resources necessary for treatment, including surgical
expertise. This will require sepsis-specific education of
current health care providers, and increasing capacity by
training new health care providers and addressing inequitable distribution of personnel. In terms of material
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resources, the focus should be on those interventions
with the lowest cost-to-benefit ratio, such as antimicrobials and other Essential Medicines as recommended by
the WHO, supplemental oxygen, and IV fluids. Adequate
microbiology capacity is vital not only for the identification and targeted treatment of individual patients’ infection but also to inform local empiric therapeutic choices
and pharmaceutical purchasing. One strategy to expand
access to high-quality diagnostics is the development of
regional reference laboratory networks [78, 79]. Additionally, as rapid diagnostic testing becomes more available and affordable, this may play a more important role
in the initial management of sepsis. Indeed, this has
already happened with the availability of inexpensive,
rapid diagnostic test kits for malaria [80].
There is a great need for increased critical care capacity globally, and access to ICUs must be equitable.
Building critical care capacity outside of the ICU is also
important. This could be accomplished by training
non-ICU medical staff, including nurses and paramedical
assistants, in the principles of basic intensive care—careful monitoring and recording of vital signs, strict infection control practices, interdisciplinary daily rounds with
the inclusion of patients and their families, and frequent
reevaluation of patients at the bedside.
Increasing capacity of public health and acute
health care delivery systems may introduce new ethical challenges. Ensuring that access to expanded
acute health care resources is equitable, even when
demand outstrips supply or patients have limited ability to pay, is a struggle even in the highest-resourced
areas. Additional challenges potentially include greater
survivorship burdens as patients are successfully
treated for their sepsis but left with new chronic illness such as dialysis-dependent renal disease or cognitive or physical disability precluding return to work.
While the difficult task of appropriately meeting
needs of sepsis survivors is universal, these issues
may be compounded in communities with high levels
of poverty.
Conduct inclusive research

A roadmap for sepsis research has been developed
[81] and can be further enhanced globally by increasing partnerships between the adult and pediatric sepsis research communities as well as integration of
sepsis research with HIV, malaria, and other infectious disease research and clinical communities. The
majority of sepsis trials registered on ClinicalTrials.gov (the US clinical trials registry, which is the largest
in the world) and anzctr.org.au (the Australian New
Zealand Clinical Trials Registry) are in HICs (Fig. 3).
While there are some clinical studies that are not
registered on these websites, this finding highlights
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Fig. 3 Sepsis trials are predominantly conducted in high-income countries. ClinicalTrials.gov and www.anzctr.org.au were searched on July 21,
2018 using search terminology “sepsis” in search terms and problem studied, study type “interventional”, and recruitment status “recruiting” or
“enrolling by invitation”. Of 62 countries with any open interventional sepsis trial, 34 (55%) are classified as high-income economies by The World Bank

the imbalances of some research resources. Private
and public funding agencies have a scientific and
moral obligation to ensure that research monies are
appropriately directed to researchers from medically
disadvantaged communities and those whose work
focuses on correcting health inequities.
In light of the many unanswered questions about even
the most basic treatment of patients with sepsis outside
of high-resource settings (e.g., fluid resuscitation or the
utility of point-of-care diagnostic tests), future interventional trials should include patients from low-resource
settings. There is also a vital role for implementation science research within the fields of sepsis and critical
care—how best to implement interventions proven to be
effective, such as infection control practices, vaccines, or
early antibiotics. Better understanding how to deliver
lifesaving care in an effective, efficient, and affordable
way is equally as important as understanding what interventions are safe and appropriate. Researchers in both
high and low-resource settings should be prepared to
make valuable data open access. This may necessitate
the standardized inclusion of text describing open access
in consent forms.
Establish data-driven and context-specific management
guidelines

Several groups have published guidelines for the management of sepsis in low-resource settings [82, 83]. Although laudable and an important step forward, these

guidelines are largely nonevidence-based for low-resource
environments and reflect care in high-resource settings,
which may not be available or appropriate. Additionally,
many LMICs heavily utilize WHO guidelines for the integrated management of childhood or adult and adolescent
illness (IMCI and IMAI). The IMAI guidelines for
district clinicians include recommendations on the
identification and management of patients with septic
shock and respiratory failure without shock [84].
However, the guidelines do not specifically address
sepsis management in the absence of shock or respiratory failure, and are largely organized around individual infectious syndromes. Given this approach,
many clinicians in areas utilizing the WHO guidelines
may not specifically document the presence of sepsis
when present, instead focusing on syndromically defined diseases.
The core of any recommendations must focus on the
implementation of interventions that are high yield,
cost-effective, and readily available in low-resource settings. Additionally, these recommendations must be developed in an iterative process, continually undergoing
rigorous evaluation for effectiveness in low-resource settings and being updated as appropriate. Recommendations for or against specific interventions in variably
resourced environments should be provided, and management guidelines should include disease-specific recommendations (e.g., for dengue). It is critical to partner with
a diverse spectrum of health care providers, public health
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professionals, and researchers to accomplish this objective,
educate front-line staff, and implement recommendations.
Promote creative interventions

Both simple and inventive strategies can help to save
many lives from sepsis in low-resource settings and
should be encouraged. The absence of ICUs or advanced
technologies such as mechanical ventilators or invasive
monitoring does not preclude the provision of many important components of sepsis care, such as source control and early appropriate antimicrobials [85, 86].
Implementation of these components can be further
augmented by creative approaches to sepsis management
such as timely pre-referral rectal administration of antimicrobials in basic health centers or use of intraosseous
access for parenteral therapies [87].
Advocacy

The WHO initiative on maternal and neonatal sepsis
and the Global Sepsis Alliance are examples of international initiatives tackling the global burden of sepsis.
In addition to increasing awareness and promoting research and education, broader engagement with policymakers and government is required to identify
opportunities to improve data collection, care processes, and outcomes.

Conclusions
While the global burden of sepsis is vast, we offer specific steps necessary to reduce its human and economic
toll in low-resource settings. Most importantly, sepsis
must be viewed as a major international public health
problem. Accordingly, efforts to address it must focus
fundamentally on economic inequity, social determinants of health, and public health infrastructure.
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