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Summary eClinicalMedicine
Background Clinical severity scores can identify patients at risk of severe disease and death, and improve patient 292477 102856
management. The modified early warning score (MEWS), the quick Sequential (Sepsis-Related) Organ Failure PvPlished Online xxx
Assessment (@QSOFA), and the Universal Vital Assessment (UVA) were developed as risk-stratification tools, but they ;t)tlpg// /:cTiIHi:gé 32'4
have not been fully validated in low-resource settings where fever and infectious diseases are frequent reasons for 10285}6 B
health care seeking. We assessed the performance of MEWS, qSOFA, and UVA in predicting mortality among

febrile patients in the Lao PDR, Malawi, Mozambique, and Zimbabwe.

Methods We prospectively enrolled in- and outpatients aged > 15 years who presented with fever (>37.5 °C) from
June 2018-March 2021. We collected clinical data to calculate each severity score. The primary outcome was mortality
28 days after enrolment. The predictive performance of each score was determined using area under the receiver
operating curve (AUC).

Findings A total of 2797 participants were included in this analysis. The median (IQR) age was 32 (24-43) years, 38%
were inpatients, and 60% (1684/2797) were female. By the time of follow-up, 7% (185/2797) had died. The AUC (95%
CI) for MEWS, qSOFA and UVA were 0.67 (0.63-0.71), 0.68 (0.64—0.72), and 0.82 (0.79-0.85), respectively. The AUC
comparison found UVA outperformed both MEWS (p < 0.001) and qSOFA (p < 0.001).

Abbreviations: aOR, adjusted odds ratio; APVU, alert-voice-pain-unconscious; AUC, area under the curve; BPM, beats per minute; BRPM, breaths per
minute; CI, confidence interval; EWS, early warning score; FCDO, Foreign, Commonwealth and Development Office; FIEBRE, Febrile Illness
Evaluation in a Broad Range of Endemicities; GCS, Glasgow Coma Scale; HIV, human immunodeficiency virus; HR, heart rate; ICU, intensive care
unit; IQR, interquartile range; LSHTM, London School of Hygiene and Tropical Medicine; MEWS, Modified Early Warning Score; NPV, negative
predictive value; OR, odds ratio; PPV, positive predictive value; qSOFA, quick sequential (sepsis-related) organ failure assessment; ROC, receiver
operating characteristic; RR, respiratory rate; SIRS, systemic inflammatory response syndrome; UVA, Universal Vital Assessment
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Interpretation We showed that the UVA score performed best in predicting mortality among febrile participants by the
time follow-up compared with MEWS and qSOFA, across all four study sites. The UVA score could be a valuable tool for
early identification, triage, and initial treatment guidance of high-risk patients in resource-limited clinical settings.

Funding FCDO.
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(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

Before this study, there was limited evidence on the
comparative performance of clinical severity scores to inform
the prognosis of adult febrile patients presenting to hospitals
and clinics in low-resource settings. Severity scores can be
important for informing prompt management decisions, such
as whether to admit the patient to hospital, the intensity of
hospital management, diagnostic testing, and antibiotic
therapy. However, most previous studies have derived severity
scores and validated their performance in high-income
settings and have been conducted at single centre sites
among discrete patient populations. This approach may limit
the application of severity scores to febrile populations in
low-resource settings with different disease aetiologies and
poorer access to diagnostics.

Added value of this study
We present evidence on the comparative performance of
three adult clinical severity scores: the modified early warning

Introduction
Fever is a common presenting symptom and reason for
healthcare-seeking in low and middle-income countries
(LMICs)."” While many febrile illnesses are self-
resolving, some infectious causes of fever progress to
sepsis and cause substantial morbidity and mortality if
they are left untreated or are inadequately managed.**
Early identification of patients at high risk of clinical
deterioration is critical to improving their management
and averting poor outcomes. Clinical severity or prog-
nostic scores can provide timely risk assessment of pa-
tients and guide urgent and increased level of care.’
The Modified Early Warning Score (MEWS) was
adapted from the Early Warning Score (EWS) and
designed for use in adolescents and adults in general
wards upon patient admission. MEWS uses vital signs
(Table 1) to identify critical illness. A score from 3 to 11
or higher is associated with a higher chance of mortality
and intensive care unit (ICU) admission than a score
below 3.°* The quick Sequential (sepsis-related) Organ
Failure Assessment (QSOFA) was developed from the
Sequential Organ Failure Assessment (SOFA) and con-
sists of three criteria: blood pressure, respiratory rate, and

score (MEWS), the quick Sequential (Sepsis-Related) Organ
Failure Assessment (qSOFA), and the Universal Vital
Assessment (UVA) in low-resource settings in four countries
(Lao PDR, Malawi, Mozambique and Zimbabwe). Using data
collected over the course of two years, this study
demonstrates that the UVA score performed best across all
four study sites in predicting mortality by the time of follow-
up, compared with MEWS and qSOFA. We found UVA
outperformed MEWS and gSOFA in both inpatients and
outpatients. The inclusion of a patient’s HIV status improved
the performance of MEWS and gSOFA, but UVA still
outperformed MEWS and gSOFA.

Implications of all the available evidence

Based on these results, the UVA score could be used to
support clinician’s prognosis for febrile patients in low-
resource settings. It could help with early identification of
patients who are at risk of severe disease and mortality and
ensure they receive the appropriate level of care.

Glasgow Coma Scale (GCS) score.*”"® The qSOFA has
performed significantly better than the Systemic In-
flammatory Response Syndrome (SIRS) criteria (heart
rate, respiratory rate, temperature and abnormal white
blood cell count) for predicting in-hospital death or
admission to the ICU and is used for the evaluation of
sepsis during hospital admission'"*; however, it has
limited sensitivity for predicting death.'>!¢

MEWS and qSOFA were developed in high income
settings and their performance in low-resource settings
presents additional considerations due to limited avail-
ability of clinical and diagnostic tools, differences in the
epidemiology of fever, and a relatively higher burden of
HIV. Recently, the Universal Vital Assessment (UVA)
score was developed from a cohort of inpatients hospi-
talised in six countries in sub-Saharan Africa.” UVA
relies on clinical signs that are easily available in
resource-limited settings: body temperature, heart rate,
respiratory rate, systolic blood pressure, level of con-
sciousness, oxygen saturation, and HIV infection status.
Single-centre evaluations in Africa and Asia have found
that UVA outperformed MEWS and qSOFA in predict-
ing in-hospital mortality and a meta-analysis of MEWS,
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Components of severity scores MEWS range (0-11) qSOFA (range 0-3) UVA (range 0-12)
Threshold Points Threshold Points Threshold Points
Body temperature (°C) >38.5 2 <36 2
35384 0 >36 0
<35 2
Heart rate (beats per minute) >130 3 >120 1
111-129 2 <120 0
101-110 1
51-100 0
41-50 1
<40 2
Respiratory rate (breaths per minute) >30 3 >22 1 >30 1
21-29 2 <22 0 <30 0
15-20 1
9-14 0
<9 2
Systolic blood pressure (mmHg) <70 3 <100 1 <90 1
71-80 2 >100 0 >90 0
81-100 1
101-199 0
Oxygen saturation (%) <92 2
Level of consciousness (GCS, AVPU) u 3 <15 1 <15 4
P 2 =15 0 =15 0
\ 1
A 0
HIV status Positive 2
Negative/Unknown 0
GCS = Glasgow Coma Scale, AVPU= A = Alert, V = response on verbal stimuli P = response on pain stimuli, U = unresponsive.
Table 1: Components of severity scores and their threshold values and points allocated for the Modified Early Warning Score (MEWS), quick Sequential
Organ Failure Assessment (qSOFA) and Universal Vital Assessment scores (UVA).

qSOFA, SIRS, and UVA found that UVA performed
Dbest at predicting mortality."”*

Despite these findings, there is limited evidence on
the most appropriate severity score for use in clinical
sites in low-resource settings. Previous studies have
either been retrospective in design or conducted at
single sites, which may not be representative of other
patient populations and have limited power to detect
differences between scores. Previous studies were also
unable to measure all the parameters for multiple severity
scores in the same populations, thus limiting the ability
to compare score performance.” In this study we un-
dertook a prospective multi-centre validation of MEWS,
qSOFA, and UVA in predicting mortality by the time of
follow-up among febrile adults who presented as in-
patients or outpatients in four different clinical sites in
low-resource settings as part of the Febrile Illness Eval-
uation of a Broad Range Endemicities (FIEBRE) study.”

Methods

Study design and participants

This analysis used data from the multicentre prospective
observational FIEBRE study, which was conducted from
2018 to 2021 at four study sites, three in sub-Saharan
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Africa: rural southern Malawi, peri-urban southern
Mozambique, and urban Zimbabwe; and one in South-
eastern Asia: rural northern Lao PDR. Patients aged 15
years and older who sought care at each site’s recruiting
health facilities were screened by trained clinical study
staff. Patients were enrolled if they met the following
criteria: tympanic or axillary temperature of >37.5 °C at
presentation; not having been hospitalised or having
undergone surgery in the previous month; and willing-
ness and ability to provide demographic and clinical in-
formation, and clinical samples, at the time of enrolment
and 28 days later. Additionally, for outpatients, selection
criteria included being resident at the time of enrolment
within the defined catchment area around the health fa-
cility. Outpatients with specific respiratory symptoms
(cough AND at least one of the following: yellow or green
sputum, blood in sputum) or with diarrhoeal symptoms
(three or more loose stools per 24 h) were excluded from
the FIEBRE study. This was due to pre-existing sub-
stantial evidence on the causes of fever from pneumonia
and diarrhoea.”” Clinical management decisions,
including whether to admit for inpatient care or to treat
as an outpatient, were made by health facility staff ac-
cording to routine practice. All participants gave written
informed consent for participation in the study.
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During enrolment, study staff collected de-
mographic data, took a standardised clinical history,
and performed a physical examination which included
measuring the clinical signs for calculating MEWS,
qSOFA, and UVA scores. The primary outcome for this
analysis was a participant’s clinical outcome (alive or
deceased) at a follow-up visit which was scheduled to
occur on day 28 after enrolment (for practical and
logistical reasons, the study protocol allowed assess-
ment from 26 to 48 days after enrolment). Only par-
ticipants with complete data for severity scores and
follow-up data were included in the analyses. All data
were collected using electronic case report forms and
Open Data Kit (ODK).* Details of the methods and the
standard operating procedures are available from the
protocol and the FIEBRE study website (https://doi.
org/10.17037/PUBS.04652739).”

Severity score calculation

Clinical signs were used to calculate MEWS, qSOFA,
and UVA scores. Along with HIV status, as self-
reported by the patient or from HIV point-of-care
testing performed on the day of enrolment, the six
clinical signs needed were: body temperature (°C),
heart rate (beats per minute), respiratory rate (breaths
per minute), systolic blood pressure (mmHg), oxygen
saturation (%), and level of consciousness (GCS/Alert-
Voice-Pain-Unconscious (AVPU) scores) (Table 1).
A modified version of the GCS was used for this
analysis, to accommodate the fact that the FIEBRE
study collected simpler data on limb movements than
is required for the conventional GCS.” This modified
GCS gave a movement score of 6 for patients who
moved spontaneously and/or in response to verbal re-
quests, 3 for patients who moved only in response to
pain, and 1 for those not moving at all. The modified
GCS was also converted to the AVPU scale for the
MEWS calculation in this analysis (Table 1).

Statistical analysis

Demographic characteristics and clinical signs were
presented as medians with interquartile ranges (IQR)
for non-normally distributed continuous variables,
whilst proportions with 95% confidence intervals (CI)
were used to describe discrete variables. Chi-squared
tests were used to determine associations between cat-
egorical variables and non-missing follow-up vital status
outcomes (alive or dead) and Mann-Whitney U tests
were used to compare differences between continuous
variables and outcomes. Univariate and multivariable
logistic regression models were developed to identify
the predictive effect of each severity score (MEWS,
qSOFA, and UVA) after an a priori adjustment for
covariates known to be associated with mortality. These
covariates included participant age, sex, and HIV status
(MEWS and qSOFA only; HIV status was not included
in the adjusted and unadjusted UVA regression models,

since HIV status is a component of the UVA score).
Odds ratios (OR) and adjusted odd ratios (aOR) were
reported alongside 95% Cls. To improve the model fit,
severity score scales were grouped to aggregate out-
comes in circumstances where there were fewer than
five data points on any point on the scales. The lowest
severity score was the reference category for the gSOFA
and UVA models (score of 0), whilst for MEWS the
reference was a score of 1. Complete case analyses were
performed among those with non-missing data for
severity scores and alive or dead outcomes at follow up.
A predefined significance level of p < 0.05 was used.
The area under the receiver operating characteristic
curves (AUC) was calculated along with the sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) with 95% CI using score cut-offs
to determine each score’s predictive ability for mortality.
The comparative performance of each score was
assessed by the pairwise comparison of AUCs using
methods recommended by DeLong et al.** Each severity
score’s performance was also examined in subgroups in
each of the four sites and among inpatients and out-
patients separately. Sensitivity analyses were also un-
dertaken to explore the impact of missing data on the
complete case analysis. In the first sensitivity analysis,
those missing a follow-up outcome were assumed to be
alive, and in a second analysis missing outcomes were
set to dead. Lastly, due to the high HIV prevalence, we
also undertook an exploratory analysis to add HIV status
to MEWS and qSOFA scores. All analyses were per-
formed using R Statistical Software (v4.1.2; R Core
Team 2021) and the R code which fully reproduces the
analyses is freely available from: https://github.com/
SLGiHub/FIEBRE_Adult_severity_scores. Model devel-
opment and validation was reported according to the
TRIPOD guidelines (Supplementary Table S8).%

Total number of participants (215 years) with fever enrolled

n=4,102
Excluded n = 1305 (32%):
- Loss to follow-up: 505
- Missing severity score
(UVA, MEWS, gSOFA): 800
Participants (=15 years) with complete data analysed
n=2797

Fig. 1: Flowchart of febrile participants (aged > 15 years) enrolled
and followed up between 2018 and 2021 at four sites (Lao PDR,
Malawi, Mozambique, and Zimbabwe). MEWS = modified early
warning score, qSOFA = quick sequential organ failure assessment,
UVA = universal vital assessment score.
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Ethics approval

Ethics approval for the study was obtained from the
London School of Hygiene & Tropical Medicine
Research & Ethics committee and from each site-

specific ethics committee: In Lao PDR, the National
Ethics Committee for Health Research and the Oxford
Tropical Research Ethics Committees; in Malawi the
University of Malawi College of Medicine Research

Variable

Lao PDR, N = 412

Malawi, N = 727

Mozambique, N = 811

Zimbabwe, N = 847

Overall, N = 2797

Age (years)
Median (IQR)
Age group, n (%)
15-<25
25-<35
35-<40
45-<55
55-<65
65+
Sex, n (%)
Female
Male
Patient group, n (%)
Inpatient
Outpatient
Length of inpatient stay (days)”
Median (IQR)
Temperature (°C)
Median (IQR)
HIV status, n (%)
Positive
Negative
Respiratory rate (brpm)
Median (IQR)
Systolic blood pressure (mmHg)
Median (IQR)
Heart rate (bpm)
Median (IQR)
Oxygen saturation (%)
Median (IQR)
MEWS
Median (IQR)
Modified GCS
Median (IQR)
qSOFA score, n (%)
0
1
2
3
UVA score
Median (IQR)
Altered mental status (GCS < 15), n (%)
Yes
No

36.0 (25.8, 54.0)

2 (22%)
100 (24%)
4 (16%)
6 (14%)
(12%)
1 (12%)
234 (57%)
178 (43%)

178 (43%)
234 (57%)

3.0 (1.0, 4.0)
38.0 (37.5, 38.5)

1 (<1%)
411 (100%)

22.0 (20.0, 25.0)

120.0 (110.0, 125.0)

89.0 (80.0, 100.0)

96.0 (95.0, 97.0)

3.0 (2.0, 4.0)

12.0 (12.0, 12.0)

0.0 (0.0, 0.0)

15 (4%)
397 (96%)

28.0 (22.0, 38.0)
254 (35%)

215 (30%)

152 (21%)

9 (8%)

0 (4%)

17 (2%)

459 (63%)
268 (37%)

169 (23%)
558 (77%)

3.0 (1.8, 4.0)
37.8 (37.6, 38.5)

102 (14%)
625 (36%)

22.0 (20.0, 28.0)
116.0 (106.0, 125.5)
95.0 (84.0, 109.0)
97.0 (96.0, 98.0)
3.0 (2.0, 4.0)
12.0 (12.0, 12.0)

27!

0.0 (0.0, 1.0)

9 (1%)
718 (99%)

34.0 (25.0, 45.5)
184 (23%)

217 (27%)

188 (24%)

90 (11%)

73 (9%)

41 (6%)

521 (66%)
272 (34%)

352 (45%)
441 (55%)

3.0 (1.0, 7.0)
38.0 (37.7, 38.6)

413 (51%)
398 (49%)

20.0 (18.0, 20.0)
117.0 (105.0, 130.0)
103.0 (90.0, 118.0)
98.0 (96.0, 99.0)

3.0 (L0, 4.0)

12.0 (12.0, 15.0)

502 (62%)

246 (31%)

61 (8%)
2 (<1%)

2.0 (0.0, 2.0)

45 (6%)
766 (94%)

32.0 (23.0, 41.0)
252 (30%)
246 (29%)

(
(
182 (21%)
5 (11%)
42 (5%)
0 (4%)
459 (54%)
388 (46%)

359 (42%)
488 (58%)

0 (3.0, 8.5)
38.0 (37.8, 38.8)

169 (20%)
678 (80%)

20.0 (18.0, 20.0)
116.0 (105.0, 127.0)
106.0 (93.5, 120.0)

95.0 (94.0, 97.0)

3.0 (2.0, 5.0)

12.0 (12.0, 12.0)

572 (68%)

28%)

5 (1%)
842 (99%)

32.0 (24.0, 43.0)
784 (28%)
782 (28%)
590 (21%)
301 (11%)

(
197 (7
6

7%)
143 (5%)

1684 (60%)

1113 (40%)

1070 (38%)
1727 (62%)

3.0 (2.0, 6.0)
38.0 (37.7, 38.6)

685 (24%)
2112 (76%)

20.0 (18.0, 23.0)
117.0 (106.0, 127.0)
99.0 (87.0, 114.0)
97.0 (95.0, 98.0)

3.0 (2.0, 4.0)
12.0 (12.0, 12.0)
1436 (51%)
1126 (40%)

226 (8%)

9 (<1%)

0.0 (0.0, 2.0)

74 (3%)
2723 (97%)

IQR = interquartile range, bpm = beats per minute, brpm = breaths per minute, MEWS = modified early warning score, GCS = Glasgow coma scale score, gSOFA = quick sequential organ failure assessment,
UVA = universal vital assessment score. “Length of hospital stay reported for inpatients only.

Table 2: Demographic and clinical characteristics of febrile participants (aged > 15 years) enrolled between 2018 and 2021 across four sites (Lao PDR, Malawi, Mozambique, and
Zimbabwe), who had complete enrolment and follow-up data.
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Variable Alive at follow-up, N = 2612 (93%) Dead at follow-up, N = 185 (7%) Overall, N = 2797
Age group, n (%)
15-<25 769 (98%) 15 (2%) 784
25-<35 740 (95%) 42 (5%) 782
35-<40 545 (92%) 45 (8%) 590
45-<55 269 (89%) 32 (11%) 301
55-<65 169 (86%) 28 (14%) 197
65+ 120 (84%) 23 (16%) 143
Sex, n (%)
Female 1600 (95%) 84 (5%) 1684
Male 1012 (91%) 101 (9%) 1113
Patient group, n (%)
Inpatient 900 (84%) 170 (16%) 1070
Outpatient 1712 (99%) 15 (1%) 1727
Length of inpatient stay (days)”
Median (IQR) 3.0 (2.0, 6.0) 3.5 (1.0, 7.0)
Site, n (%)
Lao PDR 389 (94%) 23 (6%) 412
Malawi 711 (98%) 16 (2%) 727
Mozambique 716 (88%) 95 (12%) 811
Zimbabwe 796 (94%) 51 (6%) 847
Temperature (°C)
Median (IQR) 38.0 (37.7, 38.6) 38.1 (37.8, 38.8)
HIV status, n (%)
Positive 573 (84%) 112 (17%) 675
Negative 2039 (97%) 73 (3%) 2104
Respiratory rate (brpm)
Median (IQR) 20.0 (18.0, 23.0) 22.0 (20.0, 26.0)
Systolic blood pressure (mmHg)
Median (IQR) 117.0 (106.0, 127.0) 111.0 (98.0, 129.0)
Heart rate (bpm)
Median (IQR) 99.0 (87.0, 113.0) 110.0 (94.0, 125.0)
Oxygen saturation (%)
Median (IQR) 97.0 (95.0, 98.0) 95.0 (92.0, 97.0)
MEWS
Median (IQR) 3.0 (2.0, 4.0) 4.0 (3.0, 6.0)
Modified GCS
Median (IQR) 15.0 (15.0, 15.0) 15.0 (15.0, 15.0)
qSOFA score, n (%)
0 1387 (97%) 49 (3%) 1436
1 1047 (93%) 79 (7%) 1126
2 176 (78%) 50 (22%) 226
3 2 (22%) 7 (78%) 9
UVA score
Median (IQR) 0.0 (0.0, 2.0) 3.0 (2.0, 4.0)
Altered mental status (Glasgow Coma Scale < 15), n (%)°
Yes 38 (5%) 36 (20%) 74
No 2574 (95%) 149 (80%) 2723
Time to death (days)
Median (IQR) n/a 10.0 (3.0, 21.0)
(Missing) n/a 29
In-hospital outcomes, n (%)
Died 0 (0%) 73 (100%) 73
Discharge home 2458 (98%) 61 (2%) 2519
Discharged to palliative care 12 (54%) 11 (46%) 23
(Table 3 continues on next page)
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Variable

Alive at follow-up, N = 2612 (93%) Dead at follow-up, N = 185 (7%) Overall, N = 2797

(Continued from previous page)

Other 19 (90%)
Referred other 63 (67%)
(Missing) 60

“Length of stay reported for inpatients only.

IQR = interquartile range, bpm = beats per minute, MEWS = modified early warning score, GCS = Glasgow coma scale score, qSOFA = quick sequential organ failure
assessment, UVA = universal vital assessment score. PPercentages for altered mental status are presented as column percentages, rather than row percentages.

2 (10%) 21
30 (33%) 93
8 68

Table 3: Demographic and clinical characteristics of febrile participants (aged > 15 years) enrolled between 2018 and 2021 across four sites (Lao PDR,
Malawi, Mozambique, and Zimbabwe), stratified by outcome by time of follow-up.

and Ethics Committee; in Mozambique the Comité
Institucional de Bioética para a Satde do Centro de
Investiga¢gdo em Satde de Manhica and the Comité
Nacional de Bioética em Satide de Mogambique; and in
Zimbabwe the Medical Research Council of
Zimbabwe.

Role of the funding source

The FIEBRE study is funded by UK aid from the UK
government; the views expressed, however, do not
necessarily reflect the UK government’s official policies.

Results

Participant characteristics

This analysis included enrolled participants from all four
FIEBRE sites, recruited over an approximately two-year
period at each site from 25th June 2018 to 25th March
2021. A total of 4102 febrile participants were enrolled. Of
4102 participants, 505 (12%) were lost to follow-up, and
800 (20%) had missing data on HIV status or one or
more component used to calculate severity scores
(MEWS, qSOFA and UVA), leaving 2797 (68%) partici-
pants with complete data for this analysis (Fig. 1).
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Fig. 2: The percentage distribution of each severity score (MEWS, qSOFA and UVA) and associated mortality at time of day 28 follow-up,
among febrile participants (aged > 15 years) with complete data enrolled between 2018 and 2021 across four sites (Lao PDR, Malawi,
Mozambique, and Zimbabwe). Severity scores above 8 for MEWS and above 7 for UVA were grouped due to less than 5 outcomes reported.
MEWS = modified early warning score, qSOFA = quick sequential organ failure assessment, UVA = universal vital assessment score.
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Fig. 3: ROC curves for a) MEWS, b) qSOFA and c) UVA severity scores for predicting mortality by time of follow-up among febrile
participants (aged > 15 years) enrolled between 2018 and 2021 across four sites (Lao PDR, Malawi, Mozambique, and Zimbabwe).
ROC = receiver operating characteristic, AUC = area under the curve, MEWS = modified early warning score, qSOFA = quick sequential organ
failure assessment, UVA = universal vital assessment score, Cl = confidence interval.

Across all sites, most participants were female (60%
(1684/2797)), with a median (IQR) age of 32 (24-43)
years. In Lao PDR 24% (100/412) of participants were
aged 55 years and older, compared to 6% (47/727) in
Malawi, 14% (114/811) in Mozambique and 9% (72/
847) in Zimbabwe (Table 2). Mozambique had the
highest HIV prevalence (51%, 413/811), whilst the HIV
prevalence in Zimbabwe and Malawi was 20% (169/847)
and 14% (102/727), respectively. In Lao PDR < 1% HIV
prevalence was found through participant self-report;
HIV diagnostic testing was not permitted by regulato-
ry authorities at this site (Table 2). At all sites, a greater
proportion of participants were enrolled as outpatients
than inpatients (62% (1727/2797) vs. 38% (1070/2797),
respectively) (Table 2). Among all inpatients, the median
(IQR) length of hospital stay was 3 (2.0-6.0) days with
limited variation across the sites (Table 2). The results of
the three severity scores (MEWS, qSOFA, and UVA) are
reported in Table 2. There were no substantial differ-
ences in characteristics between participants with com-
plete and incomplete data (Supplementary Table S1).

Participant outcomes
Across all sites, 2458 (88%) of 2797 participants were
discharged to home after enrolment and admission

(Table 3). During the follow-up period, 185 deaths were
reported, with an overall mortality of 7% (185/2779)
(Table 3). Mortality varied across the sites, with the highest
proportion of deaths reported in Mozambique (12% (95/
811)), followed by Lao PDR (6% (23/412)), Zimbabwe
(6%, (51/847)) and Malawi (2% (16/727)) (Table 3). There
was also a marked association between increasing mor-
tality and older age group (p < 0.001), which appeared to
be driven by mortality in older age groups in Lao PDR and
Mozambique (Supplementary Table S2). Mortality was
similar across age groups in Malawi, whilst in Zimbabwe
it was highest in the 45 to <55 age group (15%, 14/95)
(Supplementary Table S2). The median (IQR) time to
death after presentation was 10 (IQR 3-21) days and
similar across all sites (Supplementary Fig. S1). There was
a non-significant difference in the median time to death
among participants who were enrolled as outpatients
compared to inpatients, (2 vs. 10 days respectively,
p = 0.069, Supplementary Table S3). Mortality was higher
among males vs. females (9% vs. 5%, p < 0.001), in-
patients vs. outpatients (16% vs. 1%, p < 0.001), and
participants living with HIV vs. participants living without
HIV (17% vs. 3%, p < 0.001).

Severity scores were higher among participants who
died by the time of follow-up for each of the scores;
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mortality was 78% among those with a qSOFA score of 3,
compared with 3% among those with a qSOFA score of 0.
Similarly, the median MEWS and UVA scores were
higher amongst those who died compared with those who
survived (Table 3). Fig. 2a—c and show an increasing
severity score and an increasing proportion of deaths by
the time of follow-up. In addition, mortality for each
severity score by site is shown in Supplementary Table S4.

Predictors associated with mortality at follow-up
The unadjusted analyses for MEWS and qSOFA found
age, sex, and living with HIV were all associated with a
higher odds of death by the time of follow-up
(Supplementary Tables S5 and S6). The unadjusted
models for UVA also found age and sex associated with
a higher odds of death (Supplementary Table S7). A
similar pattern was observed in the adjusted analyses.
Supplementary Fig. S2 shows a higher odds of death for
an increase in severity score, after adjusting for age, sex,
and HIV status (MEWS and qSOFA only). The adjusted
analysis for each score also found increasing age and
male sex were associated with mortality independently
of the severity score (Supplementary Tables S5-S7).
Living with HIV was also independently associated with
mortality; participants who were living with HIV had a
5-fold greater odds of death compared with participants
who were not, after controlling for severity score, age
and sex (MEWS, adjusted OR (aOR) 4.92, 95% CI
3.49-6.98, and qSOFA, aOR 5.62, 95% CI 3.98-7.99)
(Supplementary Tables S5-S7).

Performance of severity scores (MEWS, qSOFA and
UVA)

The AUCs for each severity score were: MEWS, 0.67
(95%CI 0.63-0.71); qSOFA, 0.68 (95%CI 0.64-0.72);
and UVA, 0.82 (95%CI 0.79-0.85) (Fig. 3). The pairwise
comparison using the DeLlong test found UVA out-
performed both MEWS (AUC 0.82 vs. AUC 0.67,
p < 0.001) and qSOFA (AUC 0.82 vs. AUC 0.68,
p < 0.001). There was poor evidence for a difference
between MEWS and qSOFA (AUC 0.67 vs. AUC 0.68,
p = 0.527) in their performance (Table 5). The sensi-
tivity, specificity, PPV, and NPV estimated for each
score threshold are shown in Table 4.

A sensitivity analysis was undertaken to determine
whether each score’s performance was affected by
missing outcome data (Table 5). If all participants with
missing outcome data were assumed to be alive by
follow-up, UVA had a higher discriminant ability and
higher AUC than MEWS (AUC 0.81 vs. AUC 0.66,
p < 0.001) and qSOFA (AUC 0.81 vs. AUC 0.68,
p < 0.001, Supplementary Fig. S3). There was poor ev-
idence for a difference between the performance of
MEWS and qSOFA (AUC 0.66 vs. AUC 0.68, p = 0.311)
(Table 5). A second sensitivity analysis, where partici-
pants with missing outcomes were assumed to have
died, found lower AUCs for all scores when compared
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Threshold Specificity Sensitivity NPV PPV

MEWS
0 0.00 100.00 6.61
1 22.32 91.35 97.33 7.69
2 42.84 77.30 96.38 874
3 63.09 63.24 96.04 10.82
4 77.34 45.41 95.24 12.43
5 8717 29.19 94.56 13.88
6 94.87 20.00 94.36 21.64
7 98.47 8.11 93.80 27.27
8 99.73 4.86 93.67 56.25
9 99.96 1.62 93.48 75.00
10 100.00 1.08 93.45 100.00
11 100.00 0.00 93.39

qSOFA score
0 0.00 100.00 6.61
1 53.10 7351 96.59 9.99
2 93.19 30.81 95.00 24.26
3 99.92 378 93.62 77.78
4 100.00 0.00 93.39

UVA score
0 0.00 100.00 6.61
1 56.97 87.57 98.48 12.60
2 72.47 81.62 98.24 17.36
3 89.78 55.14 96.58 27.64
4 95.21 36.22 95.47 34.90
5 97.78 22.70 94.70 42.00
6 98.85 13.51 94.16 45.45
7 99.58 4.86 93.66 45.00
8 99.85 2.16 93.51 50.00
9 99.92 1.08 93.45 50.00
10 100.00 0.54 93.42 100.00
11 100.00 0.00 93.39

MEWS = modified early warning score, qSOFA = quick sequential organ failure assessment, UVA = universal vital
assessment score, NPV = negative predictive value, PPV = positive predictive value.

Table 4: Sensitivity, specificity, negative predictive value (NPV) and positive predictive value (PPV)
values estimated from receiver operating characteristic curves among febrile participants (aged >
15 years) enrolled between 2018 and 2021 with complete data by time of follow-up across four
countries (Lao PDR, Malawi, Mozambique, and Zimbabwe).

to the sensitivity analysis which assumed all participants
survived (Table 5). However, UVA outperformed MEWS
(AUC 0.63 vs. AUC 0.57, p < 0.001) and qSOFA (AUC
0.63 vs. AUC 0.53, p < 0.001), while MEWS out-
performed qSOFA (AUC 0.57 vs. AUC 0.53, p = 0.001)
(Supplementary Fig. S4, Table 5).

Among inpatients, UVA also performed better than
both MEWS (AUC 0.75 vs. AUC 0.62, p < 0.001) and
gqSOFA (AUC 0.75 vs. AUC 0.64, p < 0.001), but there
was poor evidence of a difference between MEWS and
qSOFA (AUC 0.62 vs. AUC 0.64, p = 0.353)
(Supplementary Fig. S5, Table 5). Similarly for out-
patients, Table 5 shows a higher predictive performance
of UVA compared with MEWS (AUC 0.76 vs. AUC 0.64,
p = 0.054) and a higher performance of UVA compared
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Severity score AUC (95% Cl)

AUC pairwise comparison DelLong test

Cl = confidence intervals.

MEWS qSOFA UVA UVA vs. MEWS ~ UVA vs. qSOFA  MEWS vs. qSOFA

Complete case analysis 0.67 (0.63-0.71)  0.68 (0.64-0.72)  0.82 (0.79-0.85)  p < 0.001 p < 0.001 p = 0.527
Sensitivity analysis

Missing outcome set to alive ~ 0.66 (0.62-0.70)  0.68 (0.64-0.72)  0.81 (0.78-0.85)  p < 0.001 p < 0.001 p=0311

Missing outcome set to dead 0.57 (0.55-0.60)  0.53 (0.51-0.56)  0.63 (0.60-0.65) p < 0.001 p < 0.001 p = 0.001
Subgroup analyses

Inpatients 0.62 (0.57-0.67)  0.64 (0.60-0.69)  0.75 (0.72-0.79)  p < 0.001 p < 0.001 p = 0353

Outpatients 0.64 (0.53-0.76)  0.59 (0.46-0.72)  0.76 (0.61-0.91)  p = 0.054 p = 0.052 p = 0573

Lao PDR 072 (0.61-0.82)  0.82 (0.74-0.90)  0.85 (0.75-0.94)  p = 0.020 p = 0.546 p = 0.013

Malawi 0.74 (0.59-0.88) 079 (0.68-0.90) 0.85 (0.73-0.96) p = 0.116 p = 0303 p =0386

Mozambique 070 (0.64-0.76)  0.74 (0.69-0.80) 076 (0.71-0.82)  p = 0.046 p = 0.483 p = 0119

Zimbabwe 0.57 (0.50-0.65)  0.60 (0.53-0.68)  0.82 (0.77-0.87)  p < 0.001 p < 0.001 p = 0.446

AUC = Area under the curve, MEWS = modified early warning score, gSOFA = quick sequential organ failure assessment, UVA = universal vital assessment score,

Table 5: Comparative performance of MEWS, qSOFA and UVA scores and subgroup analyses in predicting mortality at time of follow-up of participants
(aged > 15 years) across four sites (Lao PDR, Malawi, Mozambique, and Zimbabwe).

with qSOFA (AUC 0.76 vs. AUC 059, p = 0.052)
(Supplementary Fig. S6). A subgroup analysis in each site
found variable performance of the scores. In Lao PDR
(Supplementary Fig. S7), Mozambique (Supplementary
Fig. S9) and Zimbabwe (Supplementary Fig. S10) UVA
performed better than MEWS (AUC 0.85 vs. AUC 0.72,
p = 0.020 and AUC 0.76 vs. AUC 0.70, p = 0.046 and
AUC 0.82 vs. AUC 0.57, p < 0.001 respectively). In
Zimbabwe UVA outperformed qSOFA (AUC 0.82 vs.
AUC 0.60, p < 0.001). There was poor evidence of a dif-
ference between UVA and qSOFA scores in Lao PDR,
Malawi and Mozambique (Table 5).

An additional exploratory analysis was undertaken to
assess the predictive abilities of MEWS and qSOFA with
HIV status added to each score. Adding HIV status to
MEWS increased its predictive performance when
compared to MEWS without HIV status (AUC 0.74 vs.
AUC 0.67, p < 0.001) (Supplementary Fig. S11). How-
ever, UVA still outperformed MEWS with HIV (AUC
0.82 vs. AUC 0.74, p < 0.001). Similarly, Supplementary
Fig. S12 shows that adding HIV status to qSOFA
increased its predictive performance compared to
qSOFA without HIV status (AUC 0.78 vs. AUC 0.68,
p < 0.001). Again, there was evidence that UVA still
outperformed qSOFA with HIV (AUC 0.82 vs. AUC
0.78, p = 0.008). Lastly, qSOFA with HIV status out-
performed MEWS with HIV status (AUC 0.78 vs. AUC
0.74, p = 0.023).

Discussion

In this study we compared the performance of three
severity scores, MEWS, qSOFA and UVA, to predict
mortality amongst adult febrile patients in four sites in
Africa and South-eastern Asia. The comparative analysis
found that UVA outperformed both MEWS and qSOFA

for identifying patients likely to die by end of follow-up.
A sub-group analysis for inpatients and outpatients
found this result was consistent for inpatients and out-
patients. There was minimal difference in performance
between MEWS and qSOFA. Whilst patient age, sex,
and HIV infection status were all associated with mor-
tality, for all three scores logistic regression models
found that odds of death increased as severity scores
increased, independently of HIV status, age and sex.

There was some heterogeneity in the performance
of UVA compared to MEWS and qSOFA across study
sites. In all sites except Malawi, UVA predicted mor-
tality better than MEWS. In Zimbabwe, UVA predicted
mortality better than qSOFA, whilst there was no sig-
nificant difference between UVA and qSOFA in Lao
PDR, Malawi, and Mozambique. A possible explana-
tion could be that Zimbabwe had the highest propor-
tion of deaths among participants living with HIV
compared to all other sites, and UVA was the only
score to include HIV status in its scoring system.
Despite the lack of HIV testing for patients in Lao
PDR, UVA performed better than MEWS at that site,
consistent with results from a similar study in neigh-
bouring Myanmar.*

The greater predictive ability of UVA over qSOFA
could be due to different thresholds for each parameter
and the inclusion of HIV status. The UVA score has a
lower threshold for systolic blood pressure than SOFA
(90 vs. 100 mmHg) and a higher threshold for respira-
tory rate (30 vs. 22 per minute), which are likely to in-
crease PPV for death. In addition, the UVA score was
derived using data from sub-Saharan Africa rather than
the European or North American cohorts used for
MEWS and qSOFA. A further analysis of qSOFA and
MEWS when HIV infection status was included in their
scores increased their performance; but UVA still
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performed better than MEWS with HIV or qSOFA
with HIV.

The performance of UVA in this study is consistent
with studies in Africa and Asia. UVA had a greater
prognostic ability compared to MEWS and qSOFA in
Gabon (AUC of UVA 0.90 vs. MEWS 0.72 vs. qSOFA
0.77, respectively).”® In Tanzania, UVA outperformed
MEWS and qSOFA (AUC 0.76 vs. 0.66 vs. 0.70,
respectively).”” Similarly, in Myanmar UVA performed
better than qSOFA (AUC 0.85 vs. 0.79, respectively).*

The predictive abilities of MEWS and qSOFA in our
study were similar to those in the previously published
literature.'*** Higher scores for both MEWS and qSOFA
were associated with higher odds of mortality, but both
were limited in their ability to accurately identify pa-
tients likely to die by end of follow-up. Plausible expla-
nations of poorer predictive ability could be due to
MEWS ability to prognosticate only inpatients. Both
MEWS and qSOFA were also created from patients in
high income settings where records and clinical infra-
structure enable close monitoring of clinical signs over
time, which is not often available in low-resource clin-
ical settings.

This study has several strengths. We prospectively
enrolled patients across a diversity of clinical settings
in multiple countries in sub-Saharan Africa and South-
eastern Asia over the course of two years. We included
inpatients and outpatients from rural, peri-urban and
urban settings, and from multiple clinical departments
at each participating health care facility rather than
selected emergency department or intensive care units
(ICU) as is often reported in studies of prognostic
score development and validation. Thus, this study
provides evidence on the validity of these scores for
diverse adult patient populations in typical clinical
settings in low-resource settings. The study also used a
standardised protocol and methodology to enrol and
prospectively measure clinical signs for severity scores
across all sites.

There were some limitations with this study. The
inclusion criterion for patients was an elevated tem-
perature (>37.5 °C) at presentation, i.e. those with
hypothermic or normal body temperatures were not
enrolled. The scoring systems for both MEWS and
UVA include temperature criteria, which could not be
fully applied to our patient population which may limit
our study’s results to hypothermic or normothermic
patient populations. However, the UVA score may have
performed even better had hypothermic patients been
included. A sepsis study from Uganda showed that low
body temperatures were more predictive of death than
higher temperatures, and UVA assigns a higher score
for low temperatures.’’ We collected outcome data at
the time of follow-up approximately from 28 to 48 days
post enrolment during which time participants may
have deteriorated due to complications unrelated to
their initial presentation. Further implementation
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research could evaluate the performance of these
scores to improve clinical management at the time of
presentation. Another limitation of our study is the
large proportion (32%) of participants with missing
data, which consisted of participants who were lost to
follow-up and to a larger extent those who were
missing data for one or more components of the three
severity scores (MEWS, gSOFA and UVA) on the day of
enrolment. This may have introduced selection bias
into the study population; however, we examined the
history, demographics and available clinical signs of
those with and without missing data and found both
populations were similar. In addition, we undertook a
sensitivity analysis of the performance of UVA
amongst those lost to follow-up and found it still out-
performed MEWS and qSOFA. We also found low
mortality ratios in our study, despite these low ratios
our sensitivity analysis demonstrated consistent prog-
nostic UVA performance in high and low mortality
scenarios. In addition, the performance of UVA was
consistent with studies for the literature with similar
patient mix and mortality ratio, Gabon (UVA AUC
0.90), Rwanda (UVA AUC 0.77), and Tanzania (UVA
AUC 0.85).1820.1

In this multi-centre study comparing the predictive
performance of three clinical severity scores amongst
adult febrile patients seeking health care in four clinical
settings in sub-Saharan Africa and South-eastern Asia,
we found that the UVA score had the greatest ability to
predict mortality by follow-up compared with MEWS
and qSOFA. HIV infection status is an integral
component of the UVA scoring system; the addition of
HIV status to MEWS and qSOFA improved their per-
formance in these settings, but UVA was still the best
predictor of mortality. The UVA score uses clinical data
that are often obtainable in resource-limited clinical
settings, and could improve early identification, triage,
and treatment of adult patients at high risk of mortality
in such contexts.
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