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Abstract. There are an estimated 19.4 million sepsis cases every year, many of them in low-income countries. The
newly adopted definition of sepsis uses Sequential Organ Failure Assessment Score (SOFA), a score which is not feasible
in many low-resource settings. A simpler quick-SOFA (QSOFA) based solely on vital signs score has been devised for
identification of suspected sepsis. This study aimed to determine in-hospital prevalence and outcomes of sepsis, as
defined as suspected infection and a gSOFA score of 2 or more, in two hospitals in Malawi. The secondary aim was to
evaluate gSOFA as a predictor of mortality. A cross-sectional study of adult in-patients in two hospitals in Malawi was
conducted using prospectively collected single-day point-prevalence data and in-hospital follow-up. Of 1,135 partici-
pants, 81 (7.1%) had sepsis. Septic patients had a higher hospital mortality rate (17.5%) than non-septic infected patients
(9.0%, p = 0.027, odds ratio 2.1 [1.1-4.3]), although the difference was not statistically significant after adjustment for
baseline characteristics. For in-hospital mortality among patients with suspected infection, gSOFA > 2 had a sensitivity of
31.8%, specificity of 82.1%, a positive predictive value of 17.5%, and a negative predictive value of 91.0%. In conclusion,
sepsis is common and is associated with a high risk of death in admitted patients in hospitals in Malawi. In low-resource
settings, gSOFA score that uses commonly available vital signs data may be a tool that could be used for identifying

patients at risk—both for those with and without a suspected infection.

INTRODUCTION

Globally, there are an estimated 19.4 million sepsis cases
and 5.3 million sepsis deaths every year."? Approximately
30% of patients in intensive care units (ICUs) have sepsis.® The
data comes almost exclusively from high-income countries—only
1.4% of the patients were from Africa—and the prevalence of
sepsis may be even higher in low-income countries.’?

The recent “Third International Consensus” adopted a new
definition of sepsis as “life-threatening organ dysfunction
caused by a dysregulated host response to infection.”® The
consensus proposed the Sequential (sepsis-related) Organ
Failure Assessment Score (SOFA) criteria for the identification
of sepsis in ICUs. For SOFA, each organ system (respiration,
cardiovascular, coagulation, liver, central nervous, and renal)
is assigned a number from 0 to 4 depending on its level of
dysfunction. The numbers are added up to generate a SOFA
score: the higher the score, the more severe the illness. The
derivative studies from the USA found that an increased SOFA
score of >2 was associated with a mortality rate of greater than
10%.* A simpler tool called quick-SOFA (GSOFA) was also
devised to identify elevated risk of death among patients with
suspected infection in emergency departments and general
wards, but in low-income countries, it may be appropriate to
use gSOFA to define sepsis among patients with suspected
infection.® quick-SOFA assigns one point for each of a re-
spiratory rate of 22/minute or greater, altered mentation, or a
systolic blood pressure of 100 mmHg or less. A score of > 2
plus a clinical suspicion of infection suggests sepsis. quick-
SOFA was found to have a greater predictive validity for
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mortality outside the ICU than the SOFA score in a U.S.
population.*®

In Malawi, a recent single-center study found that, at ad-
mission, 29% of medical patients had sepsis as defined by a
suspected infection and gSOFA > 2.” When planning hospital
services, the in-hospital prevalence of sepsis is an equally
important measure as admission prevalence as it provides
information about the burden of sepsis within the hospital. The
in-hospital prevalence of sepsis in Malawi and other low-
income countries and the outcomes of these patients have not
been investigated. The primary aim of this study was to de-
termine the in-hospital point-prevalence and outcomes of
sepsis in two hospitals in Malawi using the definition of sus-
pected infection and a gSOFA score of >2. The secondary aim
was to evaluate the predictive value of a gSOFA score of > 2 for
mortality among hospitalized adults and among those with
suspected infection.

METHODOLOGY

A cross-sectional study of adult in-patients in two hospitals
in Malawi using prospectively collected, single-day point-
prevalence data and in-hospital follow-up.

Study setting. The study took place in Queen Elizabeth
Central Hospital (QECH) and Chiradzulu District Hospital
(CDH). The Queen Elizabeth Central Hospital is a national re-
ferral center in Blantyre with 1,000 beds, an immediate
catchment population of one million, and the availability of
many specialist services and physicians. The Chiradzulu
District Hospital is a district hospital with a catchment pop-
ulation of 230,000, 300 beds, and, at the time of the study, one
physician. These two hospitals were chosen to provide set-
tings of different resources; personnel and epidemiology CDH
does not have an ICU, whereas QECH has a four-bedded adult
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unit capable of providing continual monitoring, mechanical
ventilation, and vasopressor infusions.

Study population. All patients older than 18 years who were
being treated as in-patients in any of the wards in the two
hospitals on the study days (2 days in QECH: Saturday, Jan-
uary 21, 2017 and Tuesday, May 8, 2018; three times in CDH:
Friday, November 24, 2017; Wednesday, February 7, 2018;
and Tuesday, July 3, 2018 in CDH) were included. The ex-
clusion criteria were 1) women in active labor or 2) admitted
solely to wait for their delivery, 3) patients with a primary
psychiatric diagnosis, 4) patients in the final stage of dying
(those identified by the ward clinician or nurse-in-charge as
terminal patients who were expected to die within minutes or
hours), and 5) refusal to consent.

Data collection. Data on patient demographics, diagnoses,
and prescribed treatments were collected from the patients’
files and clinical data on the patients’ vital signs and ongoing
therapies were collected by direct clinical observation at the
time of inclusion. Blood pressures were measured using Omron
M2 digital blood pressure machines, and oxygen saturations
and heart rates were measured using Lifebox pulse oximeters.
Consciousness was measured using both Glasgow comascore
and Alert, V responding to verbal stimuli, P- Responding to
painful stimuli, U- Unresponsive (AVPU). Altered mental status
was defined as a GCS of equal to or less than 14 or an AVPU
score of P, V, or U. Data were collected by qualified nurses and
senior nursing students following training that was conducted
the day before to ensure a standardized methodology.

Sepsis was defined as a qSOFA score > 2 plus suspected
infection, where suspected infection was any documented
current infectious disease in the patient’s medical records. A
positive HIV status alone was not defined as a suspected in-
fection. Although gSOFA was used in the derivative studies
from the United States for suspecting sepsis rather than a
definitive diagnosis,®® the SOFA score is not possible to cal-
culate in Malawian hospitals and so a pragmatic decision was
made to use qSOFA as the illness severity criterion for the
diagnosis of sepsis. An alternative definition of suspected
infection as “the current prescription of an antimicrobial” was
used in the secondary analysis.

The primary mortality outcome was in-hospital mortality
(censored at 30 days). The secondary outcome was 48-hour
mortality. The 48-hour outcomes were collected by direct
observation of each participant onthe ward, and fromthe ward
clerk if the patient had been discharged or died. The ward
clerks kept records of every participant, and the data were
reviewed daily by the researchers to identify those who died
and those who were discharged (alive). Outcomes were cen-
sored at 30 days, so patients still in the hospital at 30 days
were recorded as alive.

Ethical clearance for the study was granted by the Univer-
sity of Malawi College of Medicine Research and Ethics
Committee (COMREC P.08/16/2007).

Statistical analysis. Each patient’s gSOFA score was cal-
culated from the vital signs. The prevalence of patients with
suspected infection and with sepsis and their 48-hour and 30-
day in-hospital mortalities were calculated. The patients were
cared for by specialty care teams which were grouped into five
specialties: medicine, surgery, obstetrics and gynecology,
ophthalmology, and other. If the hospital mortality at 30 days
was missing, the participant was included in the prevalence
analyses, but excluded from outcomes analyses.

The risk of death was analyzed primarily using univariable
logistic regression. Multivariable logistic regression was also
conducted with the covariates decided a priori because of a
plausible biological effect: age, gender, HIV status, and sur-
gery in this admission. The model’'s goodness-of-fit was
evaluated using the Hosmer-Lemeshow test. We tested for
collinearity by quantifying variance inflation factors. For the
performance of the binary variable of gSOFA > 2 for predicting
death, sensitivity, specificity, positive predictive values (PPVs)
and negative predictive values (NPVs), and likelihood ratios
were calculated. Area under the receiver operating charac-
teristic curves (AUROC) were calculated. Missing data for vital
signs included in qSOFA (systolic blood pressure, respiratory
rate, and conscious level) were imputed a score of 1, as we
adjudged the most common reason for missing data to be the
recognition of a patient in a critical state leading to unobtain-
able measurements or necessitating immediate action by the
data collector. Sensitivity analyses were carried out with an
imputed score of 0. Missing data for covariates were ex-
cluded. Stata (Release 15, StataCorp, College Station, TX)
was used for the analyses. P-values less than 0.05 were
considered statistically significant.

RESULTS

All the 1,135 adult in-patients (excluding waiting mothers) in
the hospitals on the days of data collection were included in the
prevalence analyses, and 1,117 patients with known outcomes
were included in the outcome analyses (Figure 1.) Eight hundred
ninety-two patients were in QECH and 243 in CDH. Fifty-nine
percent were female, the patients’ mean age was 39 years, and
they were in the hospital for a median of 5 days before inclusion
and 4 days after inclusion (Table 1). There were 20 (0.7%)
missing vital sign data points that required imputation.

Adult in-patients
(n=1156)

Excluded (n=21)
Refused consent (n=10)
Absent (patient not found on the
ward) (n=11)

Included in prevalence
analyses (n=1135)
QECH (n=892)

CDH (n=243)

Lost to follow up
(n=18)

Included in outcomes
analyses (n=1117)

Ficure 1. Consolidated Standards for Trials (CONSORT) diagram.
CDH = Chiradzulu District Hospital; QECH = Queen Elizabeth Central
Hospital.
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TaBLE 1
Participant characteristics

All patients without
suspected infection

Variable All patients

Patients with suspected
infection™

Patients with suspected

infection and qSOFA < 2 Patients with sepsist

All patients, n/N (%) 1,135 (100)

716/1,135 (63.1)

419/1,135(37.0)  338/1,135(34.1)  81/1,135(7.1)

Female (%) 673 (59.3) 450 (62.9) 223 (53.2) 179 (53.0) 44 (54.3)
Age (years), mean (range) 39 (18-98) 38 (18-96) 40 (18-98) 40 (18-98) 41 (19-80)
HIV-positive/HIV status known (%) 367/846 (43.4) 149/487 (30.6) 21 8/359 (60.7) 163/287 (56.8) 55/72 (76.4)
Had surgery in hospital (%) 265 (23.4) 227 (31.7) 38(9.1) 35(10.4) 3(3.7)
Specialty
Medicine (%) 473 (41.7) 164 (23.0) 309 (73.8) 237 (70.1) 72 (88.9)
Surgery (%) 319 (28.1) 260 (36.3) 59 (14.1) 53 (15.4) 7(8.6)
Obstetrics and Gynecology (%) 292 (25.7) 249 (34.8) 43 (10.3) 42 (12.4) 1(1.2)
Ophthalmology (%) 20(1.8) 15 (2.1) 5(1.2) 5(1.5) 1(1.2)
Other (%) 31(2.7%) 28 (4.0%) 3(0.7%) 3(0.6%) 0
Length of hospital stay (days), median
(ICQ)
Before data collection 5@2-12) 2-12) 6 (2-14) 5(2-14) 7 (3-15)
After data collectiont 4 (2-10) 4(2-10) 5(2-10) 5(2-9) 7 (3-11)
Total length of stay 11 (6-22) (5-23) 12 (6-21) 12 (6-20) 12 (8-26)

IQR = interquatile range. All data n (%), unless otherwise stated.
* Any infectious disease.

T Suspected infection and a gSOFA score > 2.

1 Data censored at 30 days.

Among the participants, 419/1,135 (37.0%) had suspected
infection and the prevalence of sepsis was 81/1,135 (7.1%).
Among those with suspected infection, 81/419 (19.3%) had
sepsis—72 were medical patients, seven were surgical, one was
in obstetrics and gynecology, and one was in ophthalmology.

In-hospital mortality for the septic patients was 17.5%,
whereas non-septic infected patients had a mortality of 9.0%
(P =0.027) (Table 2). Forty-eight-hour mortality for the septic
patients was 3.8%, whereas non-septic infected patients had
a 48-hour mortality of 1.5%. In univariable analysis, septic
patients had increased odds of in-hospital mortality compared
with non-septic infected patients (unadjusted odds ratio
[OR] = 2.1, 95% CI: 1.1-4.3). When adjusting for the cova-
riates, the association became nonsignificant: adjusted OR
(@OR =1.7,95% CI: 0.8-3.5) (Table 2). The other covariates in
the model had the following associations with mortality: age
(OR per year = 1.0, 95% CI: 0.99-1.05, P 0.054), male gender
(OR=0.5,95% CI: 0.2-0.99, P 0.047), HIV positive (OR = 4.5,
95% CI: 1.7-11.7, P 0.002). No deaths occurred among pa-
tients who had surgery in this admission. Collinearity between
the independent variables was not high (all variance inflation
factors were < 10). The Hosmer-Lemeshow test gave a
P-value of 0.574, suggesting an adequate fit of the model to
the data. Sensitivity analyses using qSOFA scores of 0 for
missing variables did not substantially change any results.

When the alternative definition of suspected infection was
used—any prescription of an antimicrobial—the prevalence of
suspected infection and sepsis was 632/1,135 (55.7%) and
107/1,135 (9.4%), respectively. In-hospital mortality for the
septic patients using the alternative definition was 18.9%,
whereas non-septic infected patients had a mortality of 6.7%
(OR 3.2,95% CI: 1.8-5.8; aOR 2.0, 95% CI: 1.0-4.0).

quick-SOFA > 2 as a predictor of in-hospital mortality
among infected patients had a sensitivity of 31.8% (95% CI:
18.6-47.6), a specificity of 82.1% (95% CI: 77.8-85.9), a
PPV of 17.5% (95% CI: 9.9-27.6), a NPV of 91.0% (95%
Cl: 87.4-93.8), a positive likelihood ratio of 1.78 (95% CI:
1.10-2.89), and a negative likelihood ratio of 0.83 (95% CI:
0.67-1.02). The AUROC for gSOFA among infected patients
was 0.71 (95% CI: 0.66-0.77) (Supplemental Figure 1).

When used for all patients, not just those with suspected
infection, 12.5% of patients had qSOFA > 2% and 22.0% of
patients with gSOFA > 2 died (cf. 5.4% with gSOFA <2, 0R5.0
[3.0-8.0], aOR [adjusting for the other covariates age, gender,
HIV status, and surgery in this admission] 3.4 [2.0-6.0]). As a
predictor of mortality for all inpatients, gSOFA > 2 had a sen-
sitivity of 37.0% (95% Cl: 26.6-48.1), specificity of 89.4%
(95% ClI: 87.3-91.2), PPV 22.0% (95% ClI: 15.5-29.7), NPV
94.6% (95% CI: 93.0-95.9), a positive likelihood ratio of 3.5
(95% Cl: 2.4-4.8), and a negative likelihood ratio of 0.7 (95%

TaBLE 2
Mortality by suspected infection and sepsis

48-hour mortality

In-hospital mortality

Unadjusted OR Unadjusted OR Adjusted OR
Variable Died, n/N (%) (95% Cl) P-value Died, n/N (%) (95% Cl) P-value (95% Cly* P-value

All patients 23/1,134 (2.0%) - - 84/1,117 (7.5%) - - - -
Patients with suspected 8/419 (2.0%) - - 44/413 (10.7%) - - - -

infectiont
Patients without sepsis but 5/338 (1.5%) Reference Reference 30/333 (9.0%) Reference Reference Reference Reference

with suspected infectionf
Patients with sepsis§ 3/81(3.7%) 2.5(0.6-11.0) 0.204 14/80(17.5%) 2.1(1.1-4.3) 0.080 1.7(0.8-3.5 0.115

OR = odds ratio.

* Adjusted for age, gender, HIV status, and surgery while in hospital.
1 Any infectious disease.

1 Suspected infection and a gSOFA score < 2.

§ Suspected infection and a gSOFA score > 2.
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Cl: 0.6-0.8). The AUROC for gSOFA for all patients was 0.74
(95% ClI: 0.69-0.79) (Supplemental Figure 2).

DISCUSSION

We have found a prevalence of sepsis among in-patients in
two hospitals in Malawi of 9.3%. Septic patients had a hospital
mortality rate of 17.5%, which was higher than non-septic
infected patients (9.0%) and higher than for the whole patient
population (7.5%), although the difference was not statistically
significant after adjustment for baseline characteristics.

Our results confirm other authors’ findings: the large burden
of disease due to sepsis.""*'? Our study is the first, to our
knowledge, to measure the in-hospital prevalence in a mixed
population in a low-income country. Admission prevalence
has been found to be 21% among emergency department
cases in Haiti'® and 29% among medical patients at admis-
sion in Lilongwe, Malawi.” Older studies from the United
States and the West Indies found a sepsis prevalence of 0.4%
and 1.3%, respectively, among emergency department pa-
tients, but these studies were from higher resourced settings
and used sepsis-related diagnosis codes.'*'® Other authors
have looked at population incidence—a systematic review
found a population incidence of 288 hospital-treated sepsis
cases per 100,000 person—years,1 although almost all the data
came from high-income countries.

Mortality rates for sepsis in high-income countries are es-
timated to be around 26%." Mortality rates in low-income
countries may be expected to be higher because of resource
limitations, but research is limited.'®'” Some studies from
low- and middle-income countries have found mortality rates
of 22-55%."1"-18 |In Malawi in 2008-2009, mortality for patients
using a previous definition of sepsis that used the systemic
inflammatory response (SIRS) criteria was 22%° and in Haiti in
2014 was 24% '®*—similar to the findings in our study.

Our finding of an increased risk of mortality among infected
patients if QSOFA > 2 supports the findings of the original
Sepsis 3 studies, and a subsequent retrospective secondary
analysis from low- and middle-income countries.>® However,
as a predictor of mortality for infected patients, qSOFA > 2 did
not perform very well in our population. A sensitivity of 31.6%
and a PPV of 17.5% indicate that gSOFA > 2 cannot be used
for identifying the patients who will die in their hospital stay.
quick-SOFA has somewhat better discrimination for mortality
among all hospital inpatients, with a higher positive likelihood
ratio (3.5 versus 1.78 for patients with suspected infection). A
study from Norway also found a poor performance of gSOFA
at predicting mortality.’® In Gabon, a sensitivity of 87%,
specificity of 75%, and an AUROC of 0.83 among infected
emergency patients?® suggested a better performance of
qSOFA > 2, but we would still be concerned that such a per-
formance may lack clinical utility as so many patients would be
misclassified—a concern shared with other authors con-
ducting prognostic acute medical research in Africa.?’

As well as qSOFA > 2, the Sepsis 3 Consensus requires a
“suspected infection” to suspect sepsis.* The Consensus
explicitly refrains from defining suspected infection, leaving it
opento interpretation, which is notoriously difficult?? and does
not require that the infection is the known cause of the de-
ranged physiology. Our primary definition of suspected in-
fection was any documented infectious disease. This may
have misclassified those patients whose diagnosis was not

confirmed. When we used an alternative definition of a current
prescription of antimicrobial, we found markedly different re-
sults for the prevalence of suspected infection and sepsis but
not for mortality risk. This alternative definition risks mis-
classifying patients who were receiving antibiotics as a pro-
phylaxis. To avoid the problem of deciding when infection was
suspected, we looked at gSOFA as a tool for all patients and
found a similar performance. A study from an emergency
department in the United States also looked at all patients and
found that 7.7% of those with documented vital signs mea-
surements had gSOFA > 2 and qSOFA scores were associ-
ated with mortality.?® It may be that gSOFA should be seen as
a compound score of physiological abnormality and is as
useful as a marker of critical illness, as it is a marker of sepsis in
particular. This potentially increases the utility of gSOFA (or
other measures of physiological abnormality), particularly in
settings of low-resources where a lack of diagnostic facilities
hampers the diagnosis of an infectious cause of a patient’s
critical iliness. Indeed, we would argue that the main clinical
purpose of identifying sepsis in a critically ill patient is to de-
cide whether to treat with antibiotics or other anti-infectious
agents. Given that the signs of infection can be so nonspecific
and diagnosing infectious etiologies can be difficult, we be-
lieve that such agents should be considered whenever a
critically ill patient is identified and should be promptly stop-
ped if and when an infection is ruled out or the patient im-
proves. It may be beneficial to focus further research efforts on
predictive tools for all patients with critical iliness rather than
just sepsis.

In our study, we used qSOFA rather than SOFA as the iliness
severity criterion for sepsis. Sepsis 3 uses qSOFA only for
suspecting sepsis, but in Malawi and other low-resource
settings where the SOFA score cannot be measured, we took
the decision to use qSOFA to enable feasibility. We could not
identify any patient as having septic shock, nor could we
compare gSOFA with SIRS because of a lack of the data
necessary for the definition of septic shock or SIRS. The
Sepsis-3 Consensus definition requires the use of vasopres-
sors and serum lactate results to diagnose septic shock and
these were not done in any patient in this setting. These issues
highlight a limitation of Sepsis-3 for global use—either the
definitions should be modified or alternative definitions should
be developed that are suitable for use in low-resource
settings.

A limitation of our study was that it was conducted in only
two centers, one of which was a tertiary care institution, and on
single defined days in each hospital. These days might not be
representative of the patient population in the hospitals, either
because of random variation or non-random variation such as
seasonal variation or variation on different days of the week.
Our results may not be generalizable to all days in the two
study sites or to other hospitals or low-income countries. In
this study, we were not able to include other potential risk
factors in our models, such as socioeconomic status, body
mass index, or smoking, and we could not confirm infection by
blood culture or other diagnostic tests. An HIV prevalence rate
among inpatients of 43.4% is not unusually high for hospitals
in southern Africa, but results may be different in populations
with different rates of HIV infection or different if HIV-infected
patients were excluded. Our population was small, which
resulted in wide confidence intervals for the aORs. Our 30-day
hospital outcome might have misclassified some patients with
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a poor prognosis who were discharged home to die, which
may have worsened the performance of predictions based on
vital sign abnormalities.

Our study has several strengths. We included all the wards
in government-run hospitals in Malawi, a low-income country:
a setting from which data are sparse or non-existent."'® Our
prospective data collection and inclusion of all adult patients,
regardless of specialty, avoided the selection bias and missing
data that can affect studies using retrospective or routinely
collected data. Our study investigates in-hospital sepsis, a
different measure than sepsis at admission to hospital. In-
hospital prevalence and outcomes are useful for estimating
the hospital burden due to sepsis. The mortality rates of pa-
tients who are septic on admission and those who become
septic in hospital could differ. Indeed, patients without sepsis
on admission but with sepsis in hospital have been found to
have a higher mortality of 35% compared with 12% of those
who had sepsis on admission®*—our study found an in-
hospital mortality rate for septic patients in hospital of 17.5%.
To date, most work has been on admission sepsis, and we
believe an increased focus on in-patient sepsis could be
beneficial.

CONCLUSION

Sepsisis common and is associated with a highrisk of death
in admitted patients in hospitals in Malawi. In low-resource
settings, the gSOFA score that uses commonly available vital
signs data may be a tool that could be used for identifying
patients at risk—both for those with and without a suspected
infection—but its predictive value is low and its clinical use-
fulness may be limited.
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