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Abstract 

Background There is conflicting evidence on association between quick sequential organ failure assessment 
(qSOFA) and sepsis mortality in ICU patients. The primary aim of this study was to determine the association 
between qSOFA and 28‑day mortality in ICU patients admitted for sepsis. Association of qSOFA with early (3‑day), 
medium (28‑day), late (90‑day) mortality was assessed in low and lower middle income (LLMIC), upper middle 
income (UMIC) and high income (HIC) countries/regions. 

Methods This was a secondary analysis of the MOSAICS II study, an international prospective observational study 
on sepsis epidemiology in Asian ICUs. Associations between qSOFA at ICU admission and mortality were separately 
assessed in LLMIC, UMIC and HIC countries/regions. Modified Poisson regression was used to determine the adjusted 
relative risk (RR) of qSOFA score on mortality at 28 days with adjustments for confounders identified in the MOSAICS II 
study.

Results Among the MOSAICS II study cohort of 4980 patients, 4826 patients from 343 ICUs and 22 countries 
were included in this secondary analysis. Higher qSOFA was associated with increasing 28‑day mortality, but this 
was only observed in LLMIC (p < 0.001) and UMIC (p < 0.001) and not HIC (p = 0.220) countries/regions. Similarly, higher 
90‑day mortality was associated with increased qSOFA in LLMIC (p < 0.001) and UMIC (p < 0.001) only. In contrast, 
higher 3‑day mortality with increasing qSOFA score was observed across all income countries/regions (p < 0.001). 
Multivariate analysis showed that qSOFA remained associated with 28‑day mortality (adjusted RR 1.09 (1.00–1.18), 
p = 0.038) even after adjustments for covariates including APACHE II, SOFA, income country/region and administration 
of antibiotics within 3 h.

Conclusions qSOFA was independently associated with 28‑day mortality in ICU patients admitted for sepsis. In 
LLMIC and UMIC countries/regions, qSOFA was associated with early to late mortality but only early mortality in HIC 
countries/regions.
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Introduction
Sepsis-3 consensus definitions introduced quick Sequen-
tial Organ Failure Assessment (qSOFA) as a sepsis 
screening tool to identify patients with higher hospital 
mortality [1]. The original Sepsis-3 derivation cohort 
showed that Sequential Organ Failure Assessment 
(SOFA) was superior when compared to qSOFA or sys-
temic inflammatory response syndrome (SIRS) for pre-
diction of mortality in the intensive care unit (ICU) [2]. 
Subsequent early validation studies on qSOFA from ICUs 
in high income settings have confirmed these limitations 
[3–6]. Thus, its potential role as a simple sepsis diagnos-
tic and outcome prediction tool has been mostly evalu-
ated in the Emergency Department [7–9].

Whether qSOFA has prognostic value for patients 
with sepsis in low resourced ICUs where Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score 
or SOFA may not be practical has not been robustly 
assessed [10, 11]. Recent evidence from low resource set-
tings does suggest qSOFA is associated with mortality in 
hospitalized patients with infection [12–16].The addition 
of lactate has also been shown to improve qSOFA sepsis 
mortality prediction in all income settings [17–21].

Studies on qSOFA mortality prediction in ICU patients 
with sepsis have generally used all-cause hospital mortal-
ity as the endpoint. However, since calculation of qSOFA 
is based on physiological parameters alone, its predic-
tive performance is likely more dependent on time from 
assessment than severity scores such as APACHE II that 
incorporate variables on chronic health. This has been 
demonstrated in a large retrospective study in Taiwan 
which showed that the association between qSOFA mor-
tality was greater at 72 h than 28-days [22].

The Management of Severe sepsis in Asia’s Intensive 
Care unitS (MOSAICS) II was a prospective, observa-
tional, cross-sectional point prevalence study on sep-
sis epidemiology in 386 ICUs from 22 Asian countries/
regions across all income settings [23]. Detailed admis-
sion physiological data was collected from a well-defined 
cohort of 4980 ICU patients admitted for sepsis. In this 
secondary analysis of MOSAICS II, our primary aim was 
to determine the association between qSOFA and 28-day 
mortality in ICU patients admitted for sepsis. Associa-
tion of qSOFA with early (3-day), medium (28-day), late 
(90-day) mortality was assessed in low and lower mid-
dle income (LLMIC), upper middle income (UMIC) and 
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high income (HIC) countries/regions. Predictive per-
formance of qSOFA on 28-day mortality was compared 
to APACHE II, SIRS, SOFA. Additional value of lactate 
measurement on qSOFA sepsis mortality prediction was 
assessed. Lastly, we described the characteristics and out-
comes of different clinical sepsis phenotypes in patients 
who met Sepsis-3 SOFA criteria and simultaneously ful-
filled SIRS and qSOFA criteria.

Methods
Study design and score criteria
The MOSAICS II study recruited adult patients 
(age ≥ 18  years old) who were admitted to the ICU for 
treatment of sepsis.  Sepsis was defined using Sepsis-3 
criteria as infection with a ∆SOFA ≥ 2 from baseline [1]. 
They were recruited on four separate days of different 
quarters in 2019 [23]. All patients from the MOSAICS 
II cohort who had ICU admission qSOFA recorded were 
included in this study. Patients who had missing SOFA, 
APACHE II and survival status at 90 days were excluded 
from this analysis. Countries and regions were grouped 
by income according to the 2019 World Bank Classifica-
tion [24].

Score criteria
Physiological data and laboratory results closest to time 
of ICU admission was used to calculate ∆SOFA, SIRS and 
qSOFA score. Change in SOFA at ICU admission from 
baseline SOFA (assumed to be zero if without prior organ 
dysfunction) was calculated to obtain ∆SOFA score (0 
to 24 points) [25]. qSOFA score (0 to 3 points) was cal-
culated by summation of individual components with 1 
point each for SBP < 100  mmHg, respiratory rate ≥ 22 
breaths/min and altered mental status (Glasgow Coma 
Scale < 15) [1, 3, 4]. SIRS (0 to 4 points) was assessed by 
fulfillment of four individual components: heart rate > 90 
beats/min; temperature < 36  °C or > 38  °C; white blood 
cell count > 12,000/μL or < 4000/μL; respiratory rate > 20 
breaths/min or arterial  PCO2 < 32  mmHg [26]. Thresh-
olds to fulfill score criteria were ∆SOFA ≥ 2 for SOFA, ≥ 2 
for SIRS, ≥ 2 for qSOFA [1, 26].

Mortality endpoint
All patients recruited to MOSAICS II were prospectively 
followed up for all-cause mortality from initial time of 
sepsis recognition until day 90. Patients who were alive 
but not discharged from hospital at 90 days were classi-
fied as survivors at 90  days. Early (3-day), medium (28-
day) and late (90-day) mortality was assessed.

Predictive performance of scores
Predictive performances of APACHE II, SOFA, SIRS, 
qSOFA and qSOFA with lactate to predict early to late 

mortality were assessed using area under the receiver 
operating characteristic curve (AUC), sensitivity and 
specificity. The lactate value obtained closet to time 
of ICU admission (within 24  h) was used for analysis. 
Patients who did not have lactate results were excluded in 
this part of the analysis. The thresholds selected for each 
score was determined for each mortality timepoint using 
Youden’s index. A subgroup analysis excluding patients 
who remained in hospital by day 90 was performed to 
evaluate the discriminatory performance of each score 
for hospital mortality.

Clinical sepsis phenotype
Patients were classified into four clinical sepsis phenotype 
groups accordingly: “SOFA only” (S), “SOFA and SIRS” 
(SS), “SOFA and qSOFA” (SqS) and “SOFA and SIRS and 
qSOFA” (SSqS). Phenotype S consisted of patients who 
only had SOFA without fulfilling SIRS or qSOFA criteria. 
Phenotype SS consisted of those who fulfilled both SOFA 
and SIRS criteria but had qSOFA < 2. Phenotype SqS con-
sisted of patients with sepsis who fulfilled both SOFA 
and qSOFA criteria but had SIRS < 2. Those who met the 
thresholds for all three scores were included in the SSqS 
phenotype.

Statistical analysis
Shapiro–Wilk test was used to test for normality of 
numerical variables. Descriptive statistics using propor-
tions and median with interquartile range were used to 
summarize data. Kruskal–Wallis and ϰ2 tests were used 
to assess the differences in characteristics between clini-
cal phenotype groups. Pairwise ϰ2 test was used to assess 
differences in mortality between different clinical phe-
notypes. Association between overall qSOFA score and 
individual qSOFA components were compared within 
each income region/country using ϰ2 test. Fischer’s test 
was used instead of ϰ2 test when appropriate.

Multivariate analysis using modified Poisson regres-
sion was used to determine the adjusted relative risk (RR) 
of qSOFA score on mortality at 28 days. A directed acy-
clic graph was used to select covariates from identified 
confounders on hospital mortality in MOSAICS II and 
other illness severity scores [23]. These included income 
region/country, age, sex, solid malignant tumor, immu-
nosuppression, hematological malignancy, Emergency 
Department admission, unscheduled surgical admission, 
antibiotic within 3  h of sepsis recognition, APACHE II 
and SOFA (see Additional file 1: Fig. S1). Additional mul-
tivariate analyzes were performed to assess the associa-
tion between qSOFA and mortality at 3-days and 90-days.

Difference in AUC on 28-day mortality prediction 
between scores were compared using Delong’s method. 
McNemar’s test was used to evaluate differences in 
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sensitivities and specificities of severity scores. Signifi-
cance value was set at α < 0.05. Data analyzes were per-
formed in R studio (v 2023.06.1 + 524) with reportROC 
and ggplot packages.

Results
Cohort characteristics
Among the MOSAICS II study cohort of 4980 patients, 
4826 patients from 343 ICUs and 22 countries were 
included in this secondary analysis (see  Additional 
file 1: Fig. S2). The baseline characteristics of included 
patients grouped by clinical phenotype are shown in 
Table 1. Overall, 696/4826 (14.4%) fulfilled only SOFA 
criteria, 1495/4826 (31.0%) fulfilled both SOFA and 
SIRS, 265/4826 (5.5%) fulfilled both SOFA and qSOFA, 
and 2370/4826 (49.1%) fulfilled all of SOFA, SIRS and 
qSOFA criteria. The proportion of individual qSOFA 
score components in different income countries/
regions are shown in Fig.  S3, Additional file  1. There 
were 281 patients who remained in hospital at 90 days. 
HIC countries/regions had the highest proportion of 
patients who remained in hospital by day 90 compared 
to LLMIC and UMIC countries/regions (p < 0.001) (see 
Additional file 1: Fig. S4 and Fig. S5).

qSOFA and associated mortality
Early to late mortality rates associated with range of 
qSOFA scores in different income countries/regions are 
shown in Fig.  1. Overall, 28-day mortality progressively 
increased with higher qSOFA (p < 0.001). However, this 
28-day trend was only observed in LLMIC (p < 0.001) 
and UMIC (p < 0.001) and not HIC (p = 0.220) countries/
regions (see Additional file 2: Table S1). Similarly, higher 
90-day mortality was associated with increased qSOFA 
in LLMIC (p < 0.001) and UMIC (p < 0.001) only. In con-
trast, higher 3-day mortality with increasing qSOFA 
score was observed across all income countries/regions 
(p < 0.001). Only systolic blood pressure and altered men-
tal status components of qSOFA were consistently asso-
ciated with 28-day mortality in both LLMIC and UMIC 
(see Additional file 2: Table S2). In contrast, none of the 
qSOFA components were associated with 28-day mortal-
ity in HIC countries/regions.

Multivariate analysis showed that qSOFA remained 
associated with 28-day mortality (adjusted RR 1.09 
[1.00–1.18], p = 0.038) even after adjustments for covari-
ates including APACHE II, SOFA, income country/
region and administration of antibiotics within 3  h 
(Table 2). In addition, qSOFA was associated with 3-day 
mortality (adjusted RR 1.52 [1.24–1.87], p < 0.001) but 
was not associated with 90-day mortality (adjusted 

Table 1 Baseline Characteristics by Clinical Sepsis Phenotype

Phenotype S consisted of patients who only had SOFA without fulfilling SIRS or qSOFA criteria. Phenotype SS consisted of those who fulfilled both SOFA and SIRS 
criteria but had qSOFA < 2. Phenotype SqS consisted of patients with sepsis who fulfilled both SOFA and qSOFA criteria but had SIRS < 2. Those who met the thresholds 
for all three scores were included in the SSqS phenotype. Values are expressed as median and interquartile range unless otherwise specified

APACHE, Acute Physiology And Chronic Health Evaluation; ICU, intensive care unit; LOS, length of stay; MV, mechanical ventilation; qSOFA, quick sequential organ 
failure assessment; SOFA, sequential organ failure assessment; RRT, renal replacement therapy 

S (n = 696) SS (n = 1495) SqS (n = 265) SSqS (n = 2370) Overall (n = 4826) p

Age 68 [55, 79] 62 [49,72] 68 [57, 78] 65 [51, 76] 64.0 [51, 76] 0.211

Male Sex (%) 427 (61.4) 904 (60.5) 159 (60.0) 1486 (62.7) 2976 (61.7) 0.509

Income Country/Region (%)

 Low/Lower Middle Income 167 (24.0) 445 (29.8) 77 (29.1) 780 (32.9) 1469 (30.4)  < 0.001

 Upper Middle Income 317 (45.5) 627 (41.9) 94 (35.5) 816 (34.4) 1854 (38.4)

 High Income 212 (30.5) 423 (28.3) 94 (35.5) 774 (32.7) 1503 (31.1)

Positive Microbiology (%) 474 (68.1) 955 (63.9) 183 (69.1) 1670 (70.5) 3282 (68.0)  < 0.001

Antibiotics within 3 Hours (%) 481 (69.1) 1110 (74.2) 198 (74.7) 1691 (71.4) 3480 (72.1) 0.139

SIRS 1 [0, 1] 2 [2, 3] 1 [1] 3 [2, 3] 2 [2, 3]  < 0.001

qSOFA 1 [0, 1] 1 [1] 2 [2] 2 [2, 3] 2 [1, 2]  < 0.001

SOFA 6 [4, 9] 6 [3, 9] 8 [5, 11] 8 [6, 11] 7 [4, 10]  < 0.001

APACHE II 17 [12, 22] 17 [12, 22] 21 [15, 28] 22 [17, 28] 20 [14, 26]  < 0.001

Lactate 1.6 [1.1, 2.8] 2.1 [1.3, 3.6] 2.1 [1.2, 3.5] 2.8 [1.6, 5] 2.3 [1.4, 4.2]  < 0.001

Vasopressors (%) 420 (60.3) 907 (60.7) 200 (75.5) 1818 (76.7) 3345 (69.3)  < 0.001

MV (%) 507 (72.8) 1008 (67.4) 204 (77.0) 1824 (77.0) 3543 (73.4)  < 0.001

RRT (%) 198 (28.4) 443 (29.6) 85 (32.1) 790 (33.3) 1516 (31.4) 0.025

ICU LOS, days 13 [6, 27] 11 [5, 22] 13 [6, 29] 11 [6, 23] 12 [6, 23] 0.426

Hospital LOS, days 23 [13, 43] 21 [11, 37] 24 [13, 41] 20 [11, 38] 21 [11, 38] 0.179
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RR 1.03 [0.96–1.100], p = 0.454) on multivariate analy-
sis (see Additional file 2: Tables S3 and S4). In contrast, 
APACHE II and SOFA were both independently associ-
ated with mortality at 3-days, 28-days and 90-days.

Mortality prediction performance of APACHEII, SOFA, SIRS, 
qSOFA
Predictive performance of APACHE II, SOFA, SIRS, 
qSOFA, and qSOFA with lactate for mortality were eval-
uated in 3,863 patients after exclusion of 1091 patients 
who did not have lactate results within 24  h of ICU 
admission. The AUCs of different scores on prediction 
of short to long term mortality are shown in Fig. 2. The 
addition of lactate did not improve the AUC of qSOFA 
to predict 28-day mortality (qSOFA with lactate [0.644 
(95%CI 0.602–0.685)] vs. qSOFA [0.642 (95%CI 0.601–
0.682)], p = 0.175) (see  Additional file  2: Table  S5). On 
subgroup analysis, there was no difference between 
qSOFA with lactate and qSOFA alone on prediction of 
28-day mortality in any of the income countries/regions 
(see Additional file 1: Fig. S6 and Additional file 2: Tables 
S6–S8).

qSOFA had lower AUC compared to APACHE 
II to predict 28-day mortality in HIC region/coun-
tries (APACHE II [0.599 (95%CI 0.562–0.636)] vs. 

Fig. 1 Mortality associated with qSOFA score. Legend: All‑cause mortality risk calculated from time of sepsis diagnosis to time of death. qSOFA, 
quick sequential organ failure assessment

Table 2 Multivariate analysis of association between qSOFA and 
28‑Day Mortality

APACHE, Acute Physiology And Chronic Health Evaluation; qSOFA, quick 
sequential organ failure assessment; SOFA, sequential organ failure assessment

Adjusted Relative Risk p

Income Country/Region

 High Income Reference  < 0.001

 Upper Middle Income 1.17 (1.00–1.37)

 Low/Lower Middle Income 1.76 (1.50–2.07)

Age 1.00 (1.00–1.01) 0.332

Female Sex 0.95 (0.84–1.08) 0.438

Solid Malignant Tumor 1.48 (1.24–1.74)  < 0.001

Immunosuppression 1.16 (0.88–1.5) 0.276

Hematological Malignancy 1.51 (1.15–1.96) 0.004

Emergency Department Admission 1.01 (0.89–1.15) 0.863

Unscheduled Surgical Admission 0.94 (0.77–1.14) 0.533

Antibiotics within 3 Hours 0.61 (0.53–0.70)  < 0.001

APACHE II 1.03 (1.02–1.03)  < 0.001

qSOFA 1.09 (1.00–1.18) 0.038

SOFA 1.03 (1.01–1.05)  < 0.001
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qSOFA [0.530 (95%CI 0.495–0.566)], p = 0.001) and 
UMIC region/countries (APACHE II [0.636 (95%CI 
0.604–0.669)] vs. qSOFA [0.576 (95%CI 0.545–0.608)], 
p < 0.001). In contrast, qSOFA had similar AUC com-
pared to APACHE II predicted 28-day mortality in 
LLMIC (APACHE II 0.637 (95%CI 0.601–0.674) vs. 
qSOFA 0.601 (95%CI 0.566–0.636), p = 0.077). Since 

qSOFA was not associated with 90-day mortality in 
multivariate analysis, additional testing was performed 
to confirm qSOFA was indeed inferior to APACHE II in 
90-day mortality discrimination in LLMIC (AUC 0.591 
[95%CI 0.557–0.625] vs. 0.649 [95%CI 0.614–0.683], 
p = 0.003). In contrast, there was no difference between 
the AUCs of qSOFA and SOFA to predict 28-day mor-
tality in any of the income countries/regions.

Fig. 2 Mortality predictive performance of different scores across income regions/countries. Heatmap showing the area under the curve (AUC) 
of APACHE II, SOFA, SIRS, qSOFA and qSOFA with lactate to predict mortality across all income countries/regions. APACHE, Acute Physiology 
And Chronic Health Evaluation; qSOFA, quick sequential organ failure assessment; SIRS, systemic inflammatory response syndrome; SOFA, sequential 
organ failure assessment
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Overall, APACHE II and qSOFA both had poor speci-
ficity for 28-day mortality, although APACHE II was 
slightly higher [0.566 (95%CI 0.547–0.584) vs 0.490 
(95%CI 0.471–0.508), p < 0.001]. Similarly, the sensitiv-
ity of either APACHE II or qSOFA for 28-day mortality 
was poor for 28-day mortality [0.608 (95%CI 0.577–
0.638) vs. 0.625 (95%CI 0.595–0.655), p = 0.363]. Com-
paratively, qSOFA had higher sensitivity (p = 0.048) but 
lower specificity (p < 0.001) compared to SOFA which 
had sensitivity of 0.586 (95%CI 0.555–0.617) and speci-
ficity of 0.549 (95%CI 0.531–0.567) to predict 28-day 
mortality. Predictive performance of different scores for 
3-day, 28-day and 90-day mortality are shown in Tables 
S5–S8, Additional file  2. The predictive performances 
of different scores for hospital mortality in subgroup 
analysis excluding patients who remained in hospi-
tal by day 90 were similar to the performances of the 

scores for 90-day mortality in the whole study cohort 
(see Additional file 2: Tables S9–S12).

Clinical sepsis phenotype and associated mortality
SOFA and APACHE II scores were higher in phenotypes 
which fulfilled the qSOFA criteria (SqS and SSqS) com-
pared to those that did not (S and SS) (Table 1). Use of 
vasopressors, mechanical ventilation and kidney replace-
ment therapy were also higher phenotypes SqS and SSqS 
than S or SS. The proportions of each clinical sepsis phe-
notype in different income countries/regions are shown 
in Fig.  3. Overall, phenotype S had lower 28-day mor-
tality (19.7%) when compared to those with phenotype 
SqS (26.8%, p < 0.001) or SSqS (30.7%, p < 0.001) (Fig. 4). 
Patients with the SSqS phenotype had higher 3-day and 
90-day mortality when compared to both phenotype S or 
SS (p < 0.001).

Fig. 3 Proportion of clinical sepsis phenotype in different income countries/regions. Patients with sepsis were classified into four clinical sepsis 
phenotype groups according to fulflilment of score criteria: “SOFA only” (S), “SOFA and SIRS” (SS), “SOFA and qSOFA” (SqS) and “SOFA and SIRS 
and qSOFA” (SSqS). Distribution of patients with different clinical phenotypes across all income country/region groups. APACHE, Acute Physiology 
And Chronic Health Evaluation; qSOFA, quick sequential organ failure assessment; SIRS, systemic inflammatory response syndrome; SOFA, sequential 
organ failure assessment

Fig. 4 Clinical sepsis phenotype and associated all‑cause mortality. Patients with sepsis were classified into four clinical sepsis phenotype groups 
according to fulflilment of score criteria: “SOFA only” (S), “SOFA and SIRS” (SS), “SOFA and qSOFA” (SqS) and “SOFA and SIRS and qSOFA” (SSqS). 
APACHE, Acute Physiology And Chronic Health Evaluation; qSOFA, quick sequential organ failure assessment; SIRS, systemic inflammatory response 
syndrome; SOFA, sequential organ failure assessment
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Discussion
In this secondary analysis of the MOSAICS II study, 
we found that qSOFA was independently associated 
with 28-day mortality in ICU patients admitted for sep-
sis. qSOFA was associated with early to late mortality 
in LLMIC and UMIC but only early mortality in HIC 
countries/regions. The 28-day mortality prediction per-
formance of APACHE II was superior to qSOFA in HIC 
and UMIC. qSOFA and APACHE II had comparable, but 
low discriminatory performance for 28-day sepsis mor-
tality in LLMIC. The addition of lactate did not improve 
the prognostic performance of qSOFA to predict 28-day 
sepsis mortality. The combination of SOFA, SIRS and 
qSOFA at time of ICU admission identified a clinical 
phenotype of sepsis associated with higher severity of ill-
ness and early to late mortality.

qSOFA was originally proposed as a sepsis screening 
tool rather than prognostic score among patients with 
suspected infection [1]. Moreover, interest in qSOFA 
as a sepsis outcome predictor in ICU patients was lim-
ited as early studies from HIC countries/regions sug-
gest it was not better than, or even inferior to mortality 
prediction of SOFA [3–5]. In contrast, recent data from 
resource limited settings showed that qSOFA may have 
prognostic value even for patients with sepsis in the ICU 
[6, 27–29]. Our study adds clarity to these seemingly 
contradictory findings. Earlier study cohorts were either 
large retrospective cohorts or single center prospective 
studies from a specific income setting. Moreover, stud-
ies from limited resource settings used early mortality 
endpoints such as ICU mortality or 28-day mortality, 
whereas those from well-resourced settings assessed 
hospital mortality. In this study we used a well-defined, 
large prospective cohort of ICU patients from all income 
settings who met Sepsis-3 criteria to assess association 
between qSOFA and early (3-day) to late (90-day) sepsis 
mortality. We found that qSOFA was indeed associated 
with early to late mortality in LLMIC and UMIC but only 
early mortality in HIC countries/regions for ICU patients 
with sepsis. Furthermore, we showed that qSOFA was 
independently associated with 3-day and 28-day but not 
90-day mortality in sepsis after adjustment for income 
setting. Combined with earlier studies, we conclude that 
association between qSOFA and sepsis mortality is both 
time dependent and variable across income settings.

Surprisingly, qSOFA was independently associated 
with 3-day and 28-day mortality even after adjustment 
for APACHE II and SOFA. Of note, it is interesting that 
qSOFA had higher adjusted RR compared to APACHE II 
for 3-day and 28-day mortality. Since qSOFA scoring is 
based on physiological variables alone, it seems reason-
able that association between qSOFA and sepsis mor-
tality was only significant in the early to medium term. 

Whereas for longer term survival at 90  days, age and 
comorbidities (adjusted for in APACHE II calculation) 
likely play larger roles compared to physiology predictors 
alone [30].

It should be noted that APACHE II, SOFA, qSOFA 
and SIRS all had limited discriminatory performance, 
sensitivity and specificity to predict sepsis mortality in 
ICU patients across all income settings in this study. The 
predictive performance of SOFA (AUC 0.569–0.630) for 
28-day mortality in ICU patients with sepsis was lower 
in this study compared to previous reports from Thai-
land (AUC 0.839) or Australia and New Zealand (AUC 
0.753) [3, 31]. Similarly, the mortality discrimination of 
APACHE II in this study (AUC 0.599–0.637) was lower 
than those reported from Saudi Arabia (AUC 0.782) or 
United States (AUC 0.80) [32, 33]. There are several rea-
sons which may explain the observed differences. First, 
we calculated SOFA based on parameters closest to time 
of ICU admission. Instead, most studies used the worst 
clinical parameters within the first 24  h to calculate 
admission SOFA score. However, this does not explain 
why APACHE II also had comparatively lower predic-
tive performance for mortality in this study. Second, 
our study evaluated predictive performance for 28-day 
mortality whereas comparative studies assessed hospi-
tal mortality. Yet, even when patients who remained in 
hospital at day 90 were excluded in subgroup analysis to 
avoid bias from censorship, discriminatory performance 
for hospital mortality of APACHE II and SOFA were still 
lower when compared to previous studies (Supplemen-
tary Table 9–12, Additoinal File 2). Third, the MOSAICS 
II cohort was constructed from ICU patients admitted 
for sepsis who all met SOFA criteria of Sepsis-3, whereas 
other cohorts used diagnostic coding or SIRS criteria [3, 
31]. Since the discordance between SOFA, qSOFA and 
SIRS on diagnosis and outcomes of sepsis has been well 
documented, differences in study inclusion criteria for 
sepsis alone may have altered cohort characteristics and 
outcomes [14, 31, 34–37].

Although qSOFA’s predictive performance for mortal-
ity in ICU patients with sepsis was generally limited, its 
practical utility may differ according to income setting. 
Similar to data from Austrailia, we found that qSOFA 
was inferior to APACHE II in HIC and UMIC coun-
tries/regions on prediction of 28-day mortality [19]. In 
these settings, qSOFA will unlikely be used for prog-
nostication in the ICU. However, qSOFA was compara-
ble to APACHE II in LLMIC. Although APACHE II is 
widely used as a severity score for benchmarking, full 
calculation of APACHE II is not universally available in 
low resource settings [10, 11]. However, justifying use 
of qSOFA in low resource ICUs to provide early sep-
sis prognostication based on its comparable mortality 
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discrimination to APACHE II has its own caveats. First, 
APACHE II was developed in HIC with limited calibra-
tion for LLMIC, and alternate scoring systems with bet-
ter performance tailored for low resource settings have 
been proposed [11, 38]. In fact, APACHE II itself had 
relatively lower 28-day mortality discrimination perfor-
mance (AUC 0.612) in the LLMIC cohort compared to 
UMIC or HIC. Severity scores may perform differently in 
LLMICs because of difference in case-mix with younger 
and minimal comorbidities when compared to HIC set-
tings [38, 39]. These differences in patient characteristics 
were highlighted in the original MOSAICS II study [23]. 
Furthermore, MOSAICS II also showed sepsis mortality 
was higher in ICUs from LLMIC and UMIC when com-
pared to HIC even after adjustment for confounders. Sec-
ond, APACHE II was originally validated for predicting 
hospital mortality rather than specific day of mortality 
[40]. Alternatively, SIRS is relatively easy to compute by 
the bedside even in low resourced ICUs. But our results 
are consistent with other studies that showed SIRS 
underperforms when compared to qSOFA and other 
severity scores for mortality prediction [2, 3, 31, 41, 42].

In contrast to previous studies, addition of lactate 
measurement did not improve qSOFA sepsis mortal-
ity prediction [17–21]. Our discrepant results do not 
discount the utility of lactate measurement as there are 
several methodological and cohort differences between 
this study and previous reports. First, MOSAICS II 
only included ICU patients, whereas other studies were 
mostly focused on patients outside the ICU [18, 20, 21]. 
In addition, the mortality rate was much higher in this 
study compared to other studies. Second, the median lac-
tate score was higher in this study. This suggests lactate 
may be better at discriminating patients who have very 
low risk of death against those with any elevated risks 
of death than discriminating those with moderate from 
very high risk of death from infection. In practice, lac-
tate measurement is likely most useful outside the ICU 
setting to identify patients with sepsis at risk of higher 
mortality.

Value of combining SOFA, qSOFA and SIRS criteria 
to identify clinical phenotypes of sepsis has not been 
robustly evaluated. A retrospective study from China 
showed that hospitalized patients with sepsis who met 
both SOFA and qSOFA had higher hospital mortal-
ity when compared to those who only fulfilled SOFA 
alone [14]. We found that fulfillment of qSOFA crite-
ria in addition to SOFA or in combination with SOFA 
and SIRS identified a clinical sepsis phenotype associ-
ated with higher requirements for mechanical ventila-
tion, vasopressors and kidney replacement therapy. The 
SSqS phenotype which fulfilled all three criteria was 
associated with higher early to late mortality across all 

income countries/regions when compared to S pheno-
type (SOFA only).

The major strength our study was inclusion of pro-
spectively collected data on patients with sepsis from 
343 ICUs representing all income regions with mini-
mal missing data and lost to follow up at 90 days. This 
facilitated granular comparisons on the association of 
qSOFA with sepsis mortality from different resource 
settings. This builds on the limited data supporting 
use of qSOFA for ICU patients in low resource settings 
which have been studies that were single center, had 
small sample sizes or included patients who only had 
suspected sepsis [12, 13, 29]. However, our study also 
has several limitations. First, because recruitment into 
MOSAICS II was by SOFA criteria, this study did not 
include patients who may have sepsis but did not meet 
Sepsis-3 criteria. Second, MOSAICS II was an epide-
miological study and treatment was not protocolized. 
Third, we assessed all-cause mortality and reasons for 
early mortality were not documented.

Conclusion
qSOFA was independently associated with 28-day mor-
tality in ICU patients admitted for sepsis. In LLMIC and 
UMIC countries/regions, qSOFA was associated with 
early to late mortality but only early mortality in HIC 
countries/regions. Combination of SOFA, SIRS and 
qSOFA identified a clinical phenotype of sepsis which is 
associated with early to late mortality.
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