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Abstract. There are scarce data describing the etiology and clinical sequelae of sepsis in low- and middle-income
countries (LMICs). This study describes the prevalence and etiology of sepsis among critically ill patients at a referral
hospital in Malawi. We conducted an observational prospective cohort study of adults admitted to the intensive care unit
or high-dependency unit (HDU) from January 29, 2018 to March 15, 2018. We stratified the cohort based on the preva-
lence of sepsis as defined in the following three ways: quick sequential organ failure assessment (qSOFA) score ³ 2,
clinical suspicion of systemic infection, and qSOFA score ³ 2 plus suspected systemic infection. We measured clinical
characteristics andblood and urine cultures for all patients; antimicrobial sensitivitieswere assessed for positive cultures.
During the studyperiod, 103patientswere admitted and76patientswere analyzed. The cohort comprised 39%male, and
the median age was 30 (interquartile range: 23–40) years. Eighteen (24%), 50 (66%), and 12 patients (16%) had sepsis
based on the three definitions, respectively. Four blood cultures (5%) were positive, two from patients with sepsis by all
three definitions and two from patients with clinically suspected infection only. All blood bacterial isolates weremultidrug
resistant. Of five patients with urinary tract infection, three had sepsis secondary tomultidrug-resistant bacteria. Hospital
mortality for patients with sepsis based on the three definitions ranged from 42% to 75% versus 12% to 26% for non-
septic patients. In summary, mortality associated with sepsis at this Malawi hospital is high. Bacteremia was infrequently
detected, but isolated pathogens were multidrug resistant.

INTRODUCTION

Most of the global burden of sepsis occurs in low- and
middle-income countries (LMICs),1 but the prevalence and
etiology of sepsis in LMICs are not well understood. In par-
ticular, the lack of laboratory infrastructure inmany LMICs has
historically precluded an assessment of the pathogens lead-
ing to sepsis. A recent systematic review found that data de-
scribing antimicrobial resistance were absent for 43% of
countries in Africa,2 and only two countries have national an-
timicrobial resistance plans.3 In addition, small studies have
identified indiscriminate antibiotic use both in and out of
hospital settings in sub-Saharan Africa.4,5 The absence of
microbiological data and lack of antibiotic stewardship com-
plicate sepsis management and almost certainly worsens
outcomes, particularly in low-resource systems. The purpose
of this study was to examine the prevalence, etiology, and
outcomes of sepsis among a cohort of critically ill patients in a
referral hospital of Malawi, with a focus on the prevalence of
culture-confirmed bacteremia and urinary tract infections.

METHODS

We conducted a prospective, observational cohort study of
adults admitted to the intensive care unit (ICU) or adult high-
dependencyunits (HDUs) ofKamuzuCentralHospital (KCH) in
Lilongwe, Malawi, from January 29, 2018 to March 15, 2018.
The sample size and study time period were determined by
staffing and funding limitations. The study protocol was ap-
proved by the National Health Sciences Research Council
of Malawi and the Institutional Review Boards of Columbia
University College of Physicians and Surgeons, and the
University of North Carolina at Chapel Hill, with which the

study was affiliated, and the requirement for written informed
consent was waived by all ethics oversight bodies.
Study setting.Malawi is a country in southeast Africawith a

populationof 18millionpeople, a life expectancyof 63.8 years,
and a Human Development Index rank of 170 of 187 coun-
tries.6 It is the sixth poorest country in sub-Saharan Africa.7

Kamuzu Central Hospital is a referral hospital in the central
region of Malawi, with a catchment area of approximately five
million. The ICU at KCH is a five-bed unit which offers a 1:1
nurse-to-patient ratio, continuous noninvasive vital sign
monitoring, mechanical ventilation with a titratable fraction of
inhaled oxygen, and intravenous medication infusions. He-
modialysis is available within the hospital if resources allow
and if patients can be transferred to the nearby unit where it is
provided. Clinical care in the ICU is directed by clinical officers
in anesthesiology. No staff members have consultant-level
expertise in intensive care medicine. There are three adult
HDUs at KCH, which are staffed by the services managing
patients in each unit: medicine, surgery, and obstetrics and
gynecology. All the HDUs have four beds each, a nurse-to-
patient ratio ranging from 1:2 to 1:4, continuous noninvasive
vital sign monitoring, supplemental oxygen, and noninvasive
respiratory support (continuous or bi-level positive airway
pressure). The key difference between the ICU and the HDUs
is the availability of mechanical ventilation. Clinical care in the
ICU and HDU is provided free of charge to all patients, in-
cluding all available medications as ordered by the medical
staff. Laboratory measurements are generally not ordered
unless paid for directly by patients.
Data collection. The study data were prospectively col-

lected by research staff trained in ICU and HDU data ab-
straction. All patients admitted to the study ICU or HDUs
during the recruitment period were eligible for inclusion. The
exclusion criteria included patients aged £ 16 years or the
inability to collect clinical data (e.g., file missing and patient
eloped). When patients were readmitted to the HDU or ICU or
vice versa, the readmission was analyzed as part of their
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continuous hospital course rather than as an index admission
for a new participant. The primary outcome was in-hospital
mortality.
Data collection began for each patient at the time of the

index ICU or HDU admission, at which time staff would review
themedical files, order laboratory tests, and then follow up the
patient through the hospital course. Variables collected in-
cluded the date of hospital admission, hospital location before
ICU or HDU (e.g., emergency room, operating room, and
ward), vital signs and laboratory measurements at the time of
admission to ICU, hospital discharge date, and vital status at
hospital discharge. Laboratory investigations at the time of
ICU or HDU admission for all patients in this study included a
complete blood count, electrolytes, peripheral aerobic blood
culture, mycobacterial culture,8,9 urine culture, point-of-care
malaria status, and point-of care HIV status. These mea-
surements are not the standard of care for patients outside the
research context. Cerebrospinal fluid, pulmonary cultures,
and anaerobic cultures were not taken secondary to funding
and staff limitations.
There are protocols at KCH to ensure early and appropriate

treatment of infections and sepsis, and providers in this set-
tingmaintain a high clinical suspicion for sepsis. For example,
blood cultures are to be drawn on all patients who receive
antibiotics while hospitalized. The implementation of this
protocol varies depending on available resources. Our pre-
vious work has demonstrated that 60% of critically ill patients
admitted to the ICU at KCH are suspected of having an in-
fection.10 The clinical suspicion of systemic infection is based
on staff interpretation of the history, vital signs, and physical
exam. Although most patients suspected of infection receive
intravenous antibiotics, laboratory resources are so limited
that cultures are not usually drawn. Given the severely re-
stricted diagnostic resources and the lack of validated tools
for screening sepsis in this setting, we elected to draw blood
andurineculturesonall patients rather than just thosemeeting
the traditional sepsis criteria (e.g., definitions derived from
high-income settings). For patients readmitted between the
HDU and ICU, cultures were repeated if a new infection was
suspected.
Laboratory methods. Urine cultures were drawn sterilely

from indwelling urinary catheters (standard at admission in all
HDU and ICU patients in this study site) and observed for 48
hours. A positive urine culture was defined by an organism
other than common skin flora (e.g., Staphylococcus epi-
dermidis) identified with a > 100,000 organisms/mL colony
count. Urinary tract infection was defined as a positive urine
culture in addition to fever during the ICU or HDU course.
Feverwasdefinedasa skin temperature of >38.4�C;wechose
a relatively high cutoff to maintain specificity for fever in this
hot tropical study site, where hospital wards are not temper-
ature controlled. Blood cultures were drawn with an aseptic
technique by a specially trained study staff member. Aerobic
blood cultures were observed for 5 days, and mycobacterial
blood cultures were observed for 5 weeks. Most organisms
isolated in the blood were considered positive blood cultures;
cultures positive for common skin flora and contaminants
(coagulase-negativeStaphylococcus)were examinedwith the
laboratory leadership on a case-by-case basis, considering
the clinical picture and the leukocyte count. For all cultures, the
laboratory uses the Kirby and Bauer method to measure the
in vitro susceptibility of bacteria to antimicrobial agents by

agar disk diffusion. All aspects of the procedure are stan-
dardized as recommended by the Clinical and Laboratory
Standards Institute in the document M100-S.11

Multidrug resistancewas defined as non-susceptibility to at
least one agent in three or more antimicrobial categories.12

The most commonly administered antibiotics for hospitalized
patients in Malawi are ceftriaxone and metronidazole, based
on theMalawi Standard TreatmentGuidelines.13 Although this
resource-limited study hospital does not have every antimi-
crobial that may be available in high-income settings, other
antibiotics commonly available at KCH include ampicillin,
chloramphenicol, ciprofloxacin, gentamicin, imipenem, and
trimethoprim–sulfamethoxazole.
Data analysis. We first stratified the cohort based on the

prevalence of sepsis, using several definitions based in the
literature and applicable in this setting: quick sequential organ
failure assessment (qSOFA) score ³ 2, clinically suspected
systemic infection, and qSOFA ³ 2 plus clinically suspected
systemic infection.14 We then described the cohort using
these stratifications, including the demographics, the vital
signs, the relevant laboratory values at ICU or HDU admission
(e.g., leukocyte count and blood cultures), and in-hospital
mortality. We assessed for differences in clinical characteris-
tics between those with and without sepsis using the three
definitions.We then performedmultivariate analysis to assess
risk factors for the primary outcome of hospital mortality. Fi-
nally, we reviewed the culture results and reported antimi-
crobial sensitivities for isolated organisms.
We summarized continuous variables using themedian and

interquartile range (IQR) and categorical variables by the
proportion of each respective category. We used chi-square
and Fisher’s exact tests for categorical variables and the
Student’s t-test or analysis of variance for continuous vari-
ables, as appropriate. In multivariate analysis, we entered
clinical variables into a logistic regression model and con-
ducted backward selection based on a P-value of 0.2. Leu-
kocyte count was excluded from this model as it may not
easily be measured in many low-income setting ICUs, as was
respiratory rate which may have been confounded by the use
of the ventilator. Statistical significance was defined as P <
0.05 for univariate analyses and the final models. All statistical
analyses were conducted using StataSE/14.2 (StataCorp,
College Station, TX).

RESULTS

During the study period, 103 patients were admitted to the
study ICU and HDUs, and, after exclusions, there were 76
patients for analyses. (Figure 1). Patients were primarily ex-
cluded for missing data (Supplemental Tables S1 and S2).
Blood cultures were missing for five (7%) subjects, and urine
cultures were missing for 21 (28%) subjects (Supplemental
Table S1). Within the study cohort, 12 (16%) patients were
recruited from the ICU and 64 (84%) from the HDUs. The co-
hort comprised 39% male and 46% postoperative patients,
and the median age was 30 (IQR: 23–40) years. The most
common admission diagnoses were postoperative monitor-
ing, shock (e.g., hemorrhagic or distributive), neurological in-
jury, and diabetic ketoacidosis (Supplemental Table S3). HIV
prevalence was 13%.
Eighteen patients (24%) had sepsis based on a qSOFA

score of two or more, 50 patients (66%) had sepsis based on
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clinical suspicion of systemic infection, and 12 patients (16%)
had sepsis based on the qSOFA score plus clinical suspicion
of systemic infection at ICU or HDU admission. Based on
these three definitions of sepsis, hospital mortality ranged

from50% to 75% for thosewith sepsis versus 12% to 26% for
those without sepsis. The difference in hospital mortality was
significant when using clinical suspicion of systemic infection
or qSOFA score ³ 2 plus clinical suspicion of systemic

FIGURE 1. Flowchart of patient selection for analysis.

TABLE 1
Clinical characteristics of critically ill cohort at a referral hospital in Malawi, stratified by three definitions of sepsis applicable in a low-resource
environment

Sepsis definition:
qSOFA ³ 2
(n = 18)

No sepsis
(n = 58)

Clinically suspected
systemic infection (n = 50)

No sepsis
(n = 26)

qSOFA ³ 2 plus
clinically suspected

systemic infection (n = 12)
No sepsis
(n = 64)

Total
(n = 76)

Male, n (%) 7 (39) 23 (40) 16 (32) 14 (54) 3 (25) 27 (42) 30 (39)
Age (years), median (IQR) 33 (21–40) 30 (23–42) 28 (22–37)* 36 (30–49)* 31 (19–53) 30 (23–40) 30 (23–40)
Study unit
ICU 2 (11) 9 (16) 11 (22)* 0 (0)* 2 (17) 9 (14) 12 (16)
HDU-Medicine 5 (28) 17 (30) 18 (37)* 4 (15)* 4 (33) 18 (29) 22 (29)
HDU-OBGyn 6 (33) 18 (32) 15 (31)* 9 (34)* 4 (33) 20 (32) 24 (32)
HDU-Surgery 5 (28) 13 (23) 5 (10)* 13 (50)* 2 (17) 16 (25) 18 (24)
Surgery preceding

HDU/ICU admission,
n (%)

8 (44) 26 (46) 23 (46) 11 (46) 5 (42) 29 (47) 34 (46)

Vital signs at HDU/ICU
admission

Heart rate, median
(IQR)

119 (80–139) 107 (88–133) 116 (93–143) 97 (79–117) 120 (100–144) 107 (88–133) 109 (88–134)

Respiratory rate,
median (IQR)

28 (22–31) 22 (18–28) 24 (18–30) 24 (19–30) 27 (22–32) 23 (18–30) 24 (18–30)

Mean arterial
pressure (mmHg),
median (IQR)

72 (64–87)* 90 (79–106)* 86 (69–99)* 92 (77–113)* 67 (57–89)* 88 (78–104)* 86 (76–100)

Presence of fever
(> 38.4�C) during
course, n (%)

8 (44) 20 (36) 23 (46) 5 (22) 7 (58) 21 (34) 28 (38)

Laboratory
measurements

HIV positive, n (%) 2 (15) 6 (13) 7 (17) 1 (6) 2 (22) 6 (12) 8 (13)
Malaria, n (%) 4 (24) 12 (22) 11 (23) 5 (22) 2 (18) 14 (23) 16 (23)
Leukocyte count,
median (IQR)

12 (6–19) 9 (6–13) 10 (5–15) 8 (7–14) 12 (6–19) 9 (6–14) 9 (6–15)

Outcomes
Hospital death, n (%) 9 (50) 15 (26) 21 (42)* 3 (12)* 9 (75)* 15 (23)* 24 (32)
C = Celsius; HDU = high-dependency unit; ICU = intensive care unit; IQR = interquartile range; mmHg = millimeters of mercury; OBGyn = obstetrics and gynecology; qSOFA = quick sequential

organ failure assessment.
*P < 0.05.
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infection as the definition of sepsis (Table 1, Supplemental
Appendix Table 1). In multivariate analysis of sepsis status
using the three definitions (qSOFA ³ 2, clinical suspicion
of infection at ICU/HDU admission, and qSOFA score ³ 2
plus clinical suspicion of infection respectively), sepsis was
associated with an odds ratio for hospital mortality of 2.2
(95% CI: 0.4–11.3; P = 0.363), 12.3 (95% CI: 1.2–123.5; P =
0.032), and 5.7 (95% CI: 0.8–38.8; P = 0.075), respectively
(Table 2).
Most patients (74%) had been started on antibiotics at or

before ICU or HDU admission, before cultures were drawn.
The majority of those on antibiotics were treated with cef-
triaxone (98%) and metronidazole (68%). For those on cef-
triaxone, the median number of days of treatment before
cultures were drawn was 2 days (IQR: 1–3, range 0–15 days),
and the median total treatment length was 7 days (IQR: 4–9).
For those on metronidazole, the median number of days of
treatment before cultures were drawn was 1 day (IQR: 0–2,
range 0–8 days), and the median total treatment length was
6 days (IQR: 2–9).
Four blood cultures (5%) were positive, two from patients

who met all three definitions of sepsis and two from patients
whowere suspectedof systemic infection but did notmeet the
qSOFA criteria (Table 3). All blood bacterial isolates were
multidrug resistant. Hospital mortality among patients with
positive blood cultures was 100%.
Nine patients had positive urine cultures, five of which had

urinary tract infections. Three of the urinary tract infections
were associated with sepsis based on the qSOFA and sus-
pected infection status. Two of these urinary tract infections
were associated with multidrug-resistant bacteria; one of
these patients died in hospital and one was lost to follow-up.
Two additional urinary tract infections were associated with
sepsis based on the suspected infection status alone, but
these were not associated with multidrug-resistant patho-
gens (Table 4). Mycobacterial cultures were negative for all
patients.

DISCUSSION

In this study of a critically ill cohort in Malawi, we demon-
strate aprevalenceof sepsis ranging from16%to24%to66%
based on three definitions of sepsis applicable in this

environment. In-hospital mortality was higher for patients with
sepsis and ranged from 42% to 75%. Sepsis is a leading
cause of morbidity and mortality worldwide, particularly in
sub-Saharan Africa where resources are limited.15,16 These
data demonstrate higher sepsis mortality than that seen in
high-income settings. This may be not only due to the in-
adequate healthcare infrastructure in Malawi but also due to
antimicrobial resistance or a high local prevalence of in-
fectious diseases that affect immune function. There is an
urgent need to direct global resources toward improving
sepsis care in this region, particularly given its growing pop-
ulation and urbanization.17,18

Sepsis is a heterogeneous clinical syndrome, and its pre-
cise definition is a challenge. The Third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-3)
noted in 2016 that there are no simple, unambiguous bio-
markers or criteria that uniquely identify sepsis patients.19

However, an operational definition is imperative to define the
prevalence and outcomes of sepsis so that health care re-
sources can be directed appropriately. This conundrum is
especially pronounced in LMICs, where even the most basic
diagnostic adjuncts are often absent. Based on the Sepsis-3
recommendations, we determined that the qSOFA score was
one of the fewmetrics feasible for our study site. Although the
score has beendiscussed as award screening tool rather than
a diagnostic tool, in our study settingwhere care is so different
from high-income settings, it was a reasonable choice.20

Notably, the full SOFA score would not be feasible in our
setting, and the systemic inflammatory response syndrome
criteria have not been shown to discriminate for poor out-
comes.19We also evaluated the clinical suspicion of systemic
infection, a subjective staff assessment of sepsis status,
which is a very common regional measure of sepsis and
provides insight into staffingperceptions of sepsis symptoms.
These definitions of sepsis yielded widely different estimates
of the prevalence of sepsis. This demonstrates how important
a feasible, unified definition for sepsis is to understanding the
prevalence of sepsis in LMICs and across the sub-Saharan
region.
The high sepsis-related mortality in this study is consistent

with global reports from the sub-Saharan region. High mor-
tality has been attributed to widespreadmalnutrition, poverty,
and a high incidence of bacterial, parasitic, and HIV

TABLE 2
Multivariable analyses of odds ratio for hospital mortality using three definitions of sepsis

Sepsis definition: qSOFA ³ 2 P-value
Clinically suspected
systemic infection P-value

qSOFA ³ 2 plus clinically
suspected systemic infection P-value

Sepsis 2.2 (0.4–11.3) 0.363 12.3 (1.2–123.5) 0.032 5.7 (0.8–38.8) 0.075
Gender – – – – – –

Female – Reference –

Male – 3.5 (0.7–17.3) 0.119 –

Age – – 1.1 (0.9–1.1) 0.051 – –

Vital signs at HDU/ICU admission
Heart rate 1.0 (0.9–1.0) 0.075 1.0 (0.9–1.1) 0.060 1.0 (0.9–1.0) 0.085
Mean arterial pressure 0.9 (0.9–1.0) 0.175 0.9 (0.9–1.0) 0.092 0.9 (0.9–1.0) 0.185
Presence of fever (> 38.4�C)

during course
2.6 (0.7–9.8) 0.166 5.1 (1.2–21.3) 0.024 2.3 (0.6–9.3) 0.237

Laboratory measurements
HIV positive 7.8 (1.2–48.5) 0.028 – – 7.3 (1.1–48.3) 0.039
C = Celsius; HDU = high-dependency unit; ICU = intensive care unit; IQR = interquartile range; mmHg = millimeters of mercury; OBGyn = obstetrics and gynecology; qSOFA = quick sequential

organ failure assessment. Original variables included in themultivariablemodel before backward selection included the following: sepsis status, gender, age, postoperative status, heart rate at ICU/
HDU admission, mean arterial pressure at ICU/HDU admission, presence of fever during ICU/HDU course, HIV status, and malaria status. Continuous variables were analyzed according to
increments of 1 unit (e.g., 1 year for age, one beat per minute for heart rate, 1 mmHg for mean arterial pressure, and 1�C for temperature). All models were statistically significant at P < 0.05.
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infections.21 It is also likely due to a lack of resources. In
Malawi, there is only an estimated 1.7 ICU beds per million
population.22 In this study, most patients diagnosed with
sepsis were located in the HDU rather than the ICU. This may
reflect the shortage of ICUbeds, amissed diagnosis of sepsis,
or a combination of these factors. The lack of resources ex-
tends beyond ICU availability. In a recent published survey,
only a minority of sub-Saharan African respondents could
implement sepsis resuscitation recommendations related to
lactate measurement and antibiotic administration.23 Although
most drugs of the WHO Essential Medicine List24 can be theo-
retically purchased in Malawi, only a few of these drugs are im-
mediately available for inpatients at our study site, one of the
country’s largest public referral hospitals. Aside from shortages
in vital medications (e.g., epinephrine, norepinephrine,
dopamine, broad-spectrum antibiotics, and furosemide),
sub-Saharan African healthcare systems also have to contend
with low-quality and/or “fake”drugs.25 Finally, there is a shortage
of personnel with advanced training in sepsis management. In
Malawi, where clinical officers and nurses provide themajority of
health care, 45% of workforce positions are vacant.26 With so
few human resources, the initial signs of sepsis may easily go
unrecognized.
Antibacterial resistance is known to increase the morbidity,

mortality, and cost of treatment for sepsis.27–30 All blood
culture bacterial isolates in this studyweremultidrug resistant,
and the urinary tract infections associated with sepsis by the
qSOFA criteria were associated with resistant bacteria. The
prevalence of antimicrobial-resistant pathogens is notable
and demonstrates that antibiotic resistance is a global phe-
nomenon. This trend has been confirmed in several other
single-center studies on the prevalence of multidrug-resistant
pathogens in African countries.31–33 Future research would
benefit from collaboration between single centers to form re-
gional microbiology registries in a united effort against anti-
microbial resistance.

Antibiotic stewardship is a challenging proposition in
LMICs, but it is critical to public health. In sub-Saharan Africa,
people are using antibiotics more frequently, in part due to
urbanization, lower costs of antibiotics, and poor control of
over-the-counter drug sales.34–36 In hospitals, antimicrobial
stewardship is challenging secondary to a lack of trained
pharmacy personnel, lack of laboratory infrastructure to guide
the choice of antimicrobials, and the ethical dilemma of
delaying or denying potentially effective antimicrobial treat-
ment. A recent study from Tanzania demonstrated that mi-
crobiologic cultures were only obtained from 17% of patients
treated with antibiotics; only 15% of antibiotic treatment
regimens met the national guidelines.37 These challenges
were also reflected in this study: despite prospective data
collection, it was exceedingly difficult to obtain cultures before
staff administered antibiotics; changing antibiotics based on
culture results was an unfamiliar concept; and antibiotic
treatment is generally continued until patient discharge, re-
gardless of culture results. The results from Tanzania and our
experience reflect the need for ongoing education and in-
frastructure to support antimicrobial stewardship. Otherwise,
these factors will continue to drive the emergence and spread
of multidrug-resistant organisms in community and hospital
settings.38

To attenuate sepsis-related morbidity and mortality in sub-
Saharan Africa, attempts have beenmade to introduce sepsis
management protocols to the critical care setting. These in-
terventions are based on the original “early, goal-directed”
care described by Rivers et al.39 but modified for sub-Saharan
Africa because of logistical constraints, such as the lack of
invasive monitoring and critical care facilities. However, blind
adoption of established interventions from high-income set-
tings may prove to be ineffective or even harmful in LMICs, as
demonstrated by two recent trials.40,41 Trials of protocolized
care have not yet addressed the key issue of antimicrobial
stewardship and resistance.

TABLE 3
Positive blood culture results with sepsis status based on three definitions and fever status*,†,‡

Patient

Sepsis
basedon
qSOFA
³ 2

Sepsis based on
clinically
suspected
systemic
infection

Sepsis based on
qSOFA ³ 2 and

clinically
suspected
systemic
infection Fever

Organisms
isolated Sensitive to

Intermediate
sensitivity Resistant to

A Yes Yes Yes Yes Proteus
mirabilis

Imipenem – Amoxicillin–clavulanic acid,
ampicillin, cefotaxime,
ceftriaxone, chloramphenicol,
ciprofloxacin, gentamicin,
nalidixic acid, and
trimethoprim–sulfamethoxazole

B Yes Yes Yes Yes Klebsiella
oxytoca

Chloramphenicol,
ciprofloxacin,
and nalidixic
acid

– Amoxicillin–clavulanic acid,
ampicillin, cefotaxime,
ceftriaxone, gentamicin, and
trimethoprim–sulfamethoxazole

Escherichia coli Gentamicin Chloramphenicol,
ciprofloxacin,
and nalidixic
acid

Amoxicillin–clavulanic acid,
ampicillin, cefotaxime,
ceftriaxone, and
trimethoprim–sulfamethoxazole

C No Yes No No Coagulase-
negative
Staphylococcus

Ciprofloxacin and
cefoxitin

– Cefoxitin, gentamicin, and
oxacillin

D No Yes No Yes Candida glabrata NR* NR* NR*
qSOFA = quick sequential organ failure.
* Sensitivities for Candida were not reported by laboratory.
†Mycobacterial cultures were negative for all patients.
‡Blood cultures were missing for five (7%) subjects, and urine cultures were missing for 21 (28%) subjects.
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This study highlights the challenges of sepsis diagnosis and
management in a LMIC. The strengths of this study are its
specific operational definitions of sepsis, the granularity of the
clinical data collected within a region in which data collection
is known to be prohibitively difficult, and the inclusion of pa-
tients outside of the ICU. This study contributes to the litera-
ture gap in characterizing sepsis in sub-Saharan African
hospitals and also toward understanding the challenges
LMICs will face in treating sepsis. This study has several lim-
itations. First, this is a single-center study conducted over a
relatively short time period, which limited the sample size.
Second, we excluded 25 patients for missing data. This limi-
tationdemonstrates the lackof infrastructureandthedifficulties
of data collection at this site. Third, it is likely that somepatients
on the general wards had critical illness that wedid not capture.
Fourth, we assessed for sepsis at admission to ICU or HDU,
rather than a longitudinal assessment of vital signs.
Finally, we had several laboratory limitations. We were un-

able to takemore than one peripheral blood culture per patient
and could not take anaerobic, cerebrospinal, or pulmonary
cultures. Given the difficulty of cultivating Mycobacterium
in vitro,42 we acknowledge that this study may have missed
mycobacterial sepsis. In addition, because antibiotic use was
often initiatedbefore collectionof cultures, somecultures could
have been false negatives. For all of these reasons, our results
likely underestimate the prevalence of sepsis in this population.

CONCLUSION

In Malawi, sepsis-related mortality is exceedingly high. We
show a 42–75%mortality following sepsis based on different
definitions, and bacterial isolates from septic patients raise
concern for a high incidenceofmultidrug-resistant organisms.
Investments in laboratory infrastructure and antibiotic stew-
ardship are critical to addressing sepsis-related mortality in
LMICs.
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