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Abstract 

The accuracy of systemic inflammatory response syndrome (SIRS) criteria, quick sequential 

organ failure assessment (qSOFA), National Early Warning Score (NEWS and NEWS2), and 

Modified Early Warning Score (MEWS) in predicting sepsis outcomes among Middle Eastern 

populations remains uncertain. This international, multicenter, prospective cohort study 

included 3,274 consecutive adult patients with suspected infections admitted through 20 

emergency departments across Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, Turkey, and the 

United Arab Emirates. The primary outcome was 30-day in-hospital mortality. Of the 

participants (median age 62 years; 55.5% male), mortality was 8.8%. qSOFA showed the 

highest AUROC (0.75; 95% CI, 0.72–0.78), outperforming SIRS (0.63; 95% CI, 0.59–0.66) 

and MEWS (0.69; 95% CI, 0.66–0.72; P < .001), and was comparable to NEWS2 (0.75; 95% 

CI, 0.72–0.78; P = .99). Sensitivity was greater for NEWS ≥5 (73.9%), NEWS2 ≥5 (73.5%), 

and SIRS ≥2 (72.5%), compared with qSOFA ≥2 (42.2%) and MEWS ≥5 (40.1%). Conversely, 

specificity was highest for qSOFA ≥2 (89.0%) and MEWS ≥5 (83.0%), while SIRS ≥2 had the 

lowest specificity (48.6%). These findings suggest that although qSOFA and MEWS offer high 

specificity, their limited sensitivity risks missing many sepsis cases in emergency triage. 

NEWS2 provided the most balanced performance, although score selection should be guided 

by the intended clinical priority, including sensitivity for early identification, specificity for 

risk stratification, and local workflow. 

Keywords 

Systemic Inflammatory Response Syndrome (SIRS), Quick Sequential Organ Failure 

Assessment (qSOFA), National Early Warning Score (NEWS and NEWS2), and Modified 

Early Warning Score (MEWS) 

 

Introduction 

Sepsis is a significant health problem worldwide, accounting for approximately half of hospital 

deaths and 10% of intensive care unit (ICU) admissions, with an in-hospital mortality rate of 

10-50%.1,2 Outcomes are improving in wealthier nations with widely used guidelines, 

improved awareness, and earlier detection and treatment.3-5 Over two-thirds of sepsis cases may 

initially present to the emergency department (ED).6 Using physiological and metabolic 

markers to screen for and risk assess patients with suspected infection is integral to care 
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provision and early identification in the ED.7,8 Commonly used screening tools include 

systemic inflammatory response syndrome (SIRS) criteria, national early warning scores one 

and two (NEWS[2]), and modified early warning score (MEWS). 

The definition of sepsis has evolved since the early 1990s. In 2016, the Society of Critical Care 

Medicine/European Society of Intensive Care Medicine (SCCM/ESICM) task force redefined 

sepsis based on organ dysfunction and mortality prediction.9 Sepsis is currently defined as life-

threatening organ dysfunction caused by the dysregulated host response to infection. This 

definition has replaced the Sepsis-2 definitions proposed in 2001.10 Although SIRS ≥2 were 

moderately sensitive, identifying 80-90% of high-risk ED patients with sepsis who died and/or 

required ICU admission, they had poor specificity.11,12 It was also criticized for reflecting an 

appropriate host response frequently adaptive to various infectious and non-infectious 

processes. In contrast, the Sepsis-3 definitions emphasize the life-threatening organ 

dysfunction aspect of sepsis, which cannot be solely attributed to inflammation and infection.9 

Due to these limitations, the task force recommended altering the risk assessment tool from the 

SIRS criteria to the acute change in sequential organ failure assessment (SOFA) score, with a 

point of 2 or more indicating sepsis-related organ dysfunction and increased in-hospital 

mortality. The shortened 'qSOFA' score was described for use outside the ICU to identify 

patients with suspected infection at increased risk of mortality where only physiological signs 

may be available. 

The SCCM/ESICM task force recommended validating the Sepsis-3 definitions in different 

settings and populations. In line with this recommendation, we conducted this comparative 

validation study to assess the performance of SIRS criteria, qSOFA score, NEWS(2), and 

MEWS among ED patients with suspected infection in the Middle East populations. 

Methods 
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Study design and setting 

We have described the methodology of the Prognostic Accuracy of qSOFA, SIRS, and Early 

Warning Scores (EWSs) for In-Hospital Mortality Among Adult Patients Presenting With 

Suspected Infection to the ED (PASSEM) study in detail elsewhere.13 Briefly, PASSEM was 

an international, multicenter, prospective cohort study designed to evaluate the predictive 

performance of SIRS criteria, qSOFA score, NEWS(2), and MEWS for in-hospital mortality 

among adult patients presenting to the ED with suspected infection (ClinicalTrials.gov 

identifier: NCT05172479). The study recruited participants from 20 EDs across seven 

countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, Turkey, and the United Arab 

Emirates), with recruitment and follow-up lasting 12 months at each center. The study protocol 

was approved by the relevant institutional and licensing committees at all participating 

locations. The Aseer Institutional Review Board served as the primary IRB, and all 

participating centers obtained ethical approval from their respective local IRBs prior to 

recruitment. The study was conducted in accordance with relevant guidelines and regulations. 

All methods were carried out in accordance with these guidelines and regulations. Written 

informed consent was obtained from all participants and/or their legal guardians prior to 

enrollment. This study was investigator-initiated and self-funded. The reporting of this study 

followed the TRIPOD-Cluster statement for studies validating a prediction model.14 

Diagnosis of infection 

The PASSEM study followed a pragmatic approach in diagnosing suspected infection, best 

reflecting actual clinical practice and offering a high degree of generalizability. Participants 

were recruited if the attending ED physicians presumptively suspected or diagnosed infection 

based on the initial participant presentation without requiring exact criteria. The study team 

reviewed the notes post-recruitment to confirm the initial infection diagnosis. Where there was 
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disagreement, this was resolved by two experts reviewing the medical record on day 30 through 

a comprehensive assessment of all clinical, physiological, microbiological, and diagnostic 

imaging data. In cases of disagreement between the two experts, consensus was sought. In all 

cases, the diagnosis of infection was blinded to the output of the prediction models and the 

outcomes of participants. 

Study population and enrollment of participants 

Study population  

We enrolled all consecutive adult patients (age ≥18 years) who presented to the ED with 

suspected infection and who were subsequently admitted to the hospital between December 

2021 and August 2023. Patients who presented to the ED due to non-infectious causes, pregnant 

women, those who were transferred from other hospitals or electively admitted to the hospital, 

prisoners, those who chose not to provide the informed study consent, or patients with a “Do-

Not-Resuscitate” code status were excluded. We also excluded patients whose initial diagnosis 

of infection in the ED was not confirmed at the end of follow-up (30 days). We considered only 

the first hospitalization for each participant in cases of multiple readmissions during the study 

period. 

Enrollment of participants 

A study team member screened all consecutive patients for eligibility and reviewed their 

physiological signs on arrival at the ED triage. Subsequently, the research team approached 

and enrolled potentially eligible participants. A web-based electronic data capture system 

(EDC) assigned each patient a participant number.15 The investigator then entered the 

participant's data in an electronic case report form. We collected the participant's initial 

physiological signs measured at ED triage or on arrival in the resuscitation area if directed to 

bypass triage. We also recorded the first biochemical and hematological measurements (partial 
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pressure of carbon dioxide and white blood cell [WBC] count). If the participant was not 

eligible for recruitment, we closed the participant record in the EDC and captured the cause of 

exclusion. After enrollment, the study team monitored hospitalized participants' status using 

their unique medical registration number. The in-hospital follow-up care team was kept blinded 

to the initial score. 

Outcomes 

The primary outcome was 30-day in-hospital mortality. Participants who were transferred to 

another hospital or remained hospitalized at the 30-day follow-up cutoff were classified as not 

having the primary outcome, because the primary outcome was restricted to confirmed in-

hospital death within 30 days at the recruiting hospital. Secondary outcomes included ICU 

admission within 30 days and prolonged ICU stay (≥72 hours). Due to administrative issues, 

we could not assess the all-cause mortality within 30 and 90 days. 

Statistical analyses 

Continuous variables were presented as median (IQR), and categorical variables as numbers 

(percentage). For better interpretability and comparability, continuous variables were adjusted 

by winsorizing at the 1% and 99% levels and then standardized with a mean of 0 and a standard 

deviation of 1.16 A complete-case analysis was conducted due to minimal missing data 

proportion (29 participants; <1%).17 

The study’s outcomes were expressed by the overall area under the receiver operating 

characteristic curve (AUROC) for each studied score with their corresponding asymptotic 

normal 95% confidence intervals.18 The original regression coefficients used during the study 

scores’ development could not be obtained despite multiple emails sent to get them from the 

corresponding authors. Hence, the calibration of these scores was not assessed. To evaluate 

studied scores cutoffs for outcomes, including SIRS ≥2, qSOFA ≥2, NEWS(2) ≥5, and MEWS 
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≥5, we reported sensitivity, specificity, and positive and negative predictive values (PPV and 

NPV, respectively) along with their exact binomial 95% confidence interval.19,20 Additionally, 

we reported the net reclassification indexes (NRIs) for these cutoffs and their bias-corrected 

and accelerated bootstrapped (1,000 replication) 95% confidence intervals, with recruiting 

hospitals being the resampling clusters.21,22 

The respective odds ratios of the studied score for the study’s outcomes were estimated with a 

mixed-effect logistic regression model. First, we built a nested baseline model (recruited 

hospitals nested in the countries). Fixed-effect variables included age and the Charlson 

Comorbidity Index (fractional polynomial), sex, race, hypertension, and infection site. Nested 

and random-effect models were evaluated and showed no significant differences; as a result, 

the country was omitted from the model. After fitting the baseline model, we added the studied 

score to the model (dichotomized to <2 and ≥2 for SIRS and qSOFA; and <5 and ≥5 for 

NEWS(2) and MEWS; as incremental score, and their components). The Kaplan-Meier method 

was employed to estimate time to 30-day in-hospital death, and the log-rank test was used to 

assess differences between groups. For these time-to-event analyses, participants who died in 

hospital within 30 days were treated as events at the recorded day of death. Participants 

discharged alive or transferred to another hospital before 30 days were censored at the date of 

discharge or transfer, and participants still hospitalized without in-hospital death at day 30 were 

censored at day 30. The crude primary outcome proportion was calculated separately as the 

number of confirmed in-hospital deaths within 30 days divided by the full analytic cohort. 

Evidence to support a specific sample size choice for model validation studies is limited. One 

approach suggests a minimum of 100 events and 100 non-events are required to reach an 

adequate sample size,23,24 with more than 200 events preferable.25 In the current study, we 

targeted more than 200 events (in-hospital death within 30 days) for sample size calculation. 

Previous work by Freund et al. showed that recruiting 879 participants yielded 74 events (28-
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day in-hospital mortality) when power was set at 90% to ensure precise performance 

estimation.26 Therefore, if we require at least 200 events and consider 20% of lost to follow-up 

and missing data, a sample size of 2,851 should suffice. All analyses were performed using 

Stata (version 18.0; StataCorp, College Station, TX, USA). A 2-tailed P <0.05 (with the 

Bonferroni correction when there are multiple comparisons) was considered statistically 

significant. 

 

Results 

Study cohort characteristics  

Of the 3,782 participants screened, 307 (8.1%) were excluded due to not fitting the eligibility 

criteria. An additional 201 participants were ruled out; 172 (4.6%) were found to have no 

infection upon follow-up completion, and 29 (0.8%) had incomplete data. Consequently, 3,274 

(86.6%) participants were included in the final analysis, as shown in Figure 1 and eFigure 1 in 

the Supplement. Table 1 presents the characteristics of the study cohort. The primary outcome 

(30-day in-hospital mortality) occurred in 287 (8.8%); 554 (16.9%) were admitted to the ICU, 

of whom 406 (73.3%) were admitted for 72 hours or more. By the 30-day in-hospital follow-

up cutoff, 29 participants (0.9%) had been transferred to another hospital and 233 (7.1%) 

remained hospitalized; per protocol, these 262 participants were classified as not having the 

primary outcome. Participants who died in the hospital were more likely to be older men and 

had more severe comorbidities. They also had higher physiological scores and required ICU 

admission during their hospital stay. The most frequently observed evidence of infection was 

radiographic, with respiratory infections being the predominant source. Of all the participants, 

53% had SIRS ≥2, 13.7% had qSOFA ≥2, 41.8% had NEWS(2) ≥5, and 19.1% had MEWS ≥5. 

Study outcomes 
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The median in-hospital follow-up was six days (IQR, 3-12 days). The crude 30-day in-hospital 

mortality proportion was 8.8% (287 of 3,274 participants). The Kaplan-Meier 30-day survival 

estimate was 69.83% under the censoring rules described above; this curve-based estimate is 

not the complement of the crude mortality proportion because patients discharged alive or 

transferred before 30 days were censored at their last in-hospital day. Participants who met 

predefined scores (≥2 for SIRS and qSOFA; ≥5 for NEWS[2] and MEWS) had significantly 

lower survival than those who did not (Figure 2 and eFigure 2 in Supplement) and higher odds 

of in-hospital mortality and ICU admission (Table 2 and eTable 1a-c in Supplement). Moreover, 

in-hospital mortality and ICU admission progressively increased with increasing physiological 

derangement but at variable rates of increase by each score (eFigure 3 in the Supplement). The 

qSOFA had a higher AUROC for in-hospital mortality than SIRS and MEWS but similar to 

NEWS(2) (Figure 3 and eFigure 4 in the Supplement). For ICU admission, NEWS2 had a 

higher AUROC than qSOFA, SIRS, and MEWS but similar to NEWS. Moreover, NEWS(2) 

had a higher AUROC than SIRS and MEWS but similar to qSOFA for prolonged ICU stay. The 

AUROC of NEWS and NEWS2 did not differ significantly in predicting any of the study’s 

outcomes. NEWS(2) ≥5 and SIRS ≥2 were the most sensitive, while qSOFA ≥2 and MEWS ≥5 

were the most specific for in-hospital mortality and ICU admission (Table 3 and eTable 2 in 

the Supplement). However, NEWS(2) ≥5 have the best trade-off between sensitivity and 

specificity. All the studied scores had intermediate to poor performance for prolonged ICU stay. 

qSOFA ≥2 has the highest PPV for in-hospital mortality and ICU admission. However, PPV 

was similar for all studied scores for prolonged ICU stay. Moreover, all analyzed scores had 

similar NPV. Relative to SIRS ≥2, NEWS(2) ≥5 provided the largest increase in relative NRI 

for in-hospital mortality and ICU admission but not prolonged ICU stay (eFigure 5a-c in the 

Supplement). On the other hand, qSOFA ≥2 and MEWS ≥5 provided the largest increase in 

absolute NRI for in-hospital mortality and ICU admission, but not prolonged ICU stay. 
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Discussion 

Key findings 

In predicting in-hospital mortality among ED patients with suspected infection, qSOFA score 

demonstrated similar discrimination as NEWS(2) and better than SIRS criteria and MEWS by 

AUROC. However, qSOFA ≥2 had lower sensitivity than NEWS(2) ≥5 and SIRS ≥2, and 

similar to MEWS ≥5. The specificity of NEWS(2) ≥5 was better than SIRS ≥2 and reasonable 

compared to qSOFA ≥2 and MEWS ≥5. None of these scores performed sufficiently as a stand-

alone risk assessment to identify the risk of death or ICU admission. Moreover, the study found 

no difference between NEWS and NEWS2. Therefore, the hypothesis that qSOFA score is more 

accurate than SIRS criteria and EWSs for predicting the studied outcomes in the ED is rejected. 

Relationship with derivation studies 

The present study's findings differ from the original cohorts, where the scores were derived 

regarding outcomes and predictive performance.27-30 Such differences may be due to 

discrepancies in eligibility criteria, the settings in which participants were enrolled (ED, ICU, 

or general wards), how the scores were calculated (initial, best, or worst one), endpoint 

definitions, and follow-up duration. Our study utilized a pragmatic approach to defining 

suspected infection and aimed to validate the scores specifically in ED triage. Additionally, the 

initial physiological signs and laboratory indicators were captured for scores calculations, with 

participant recruitment spanning 20 EDs across seven countries. These differences lend 

different case mixes, which might affect the performance and generalizability of the scores in 

the current study compared to the derivation cohorts.14 

Relationship with previous studies 
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Multiple studies have externally validated the scores under study in the ED. In a recent meta-

analysis of observational studies conducted in the ED, qSOFA ≥2 had poor sensitivity and 

moderate specificity. In contrast, SIRS ≥2 had moderate sensitivity and poor specificity for in-

hospital mortality.31 In a subsequent systematic review with high heterogeneity, NEWS ≥5 

showed superior sensitivity compared to qSOFA ≥2. However, qSOFA ≥2 outperformed in 

specificity when predicting mortality and ICU admissions.32 These findings generally 

correspond with the results of the current study. 

NEWS2 is an updated version of NEWS that accounts for possible underlying type 2 

respiratory failure (T2RF) in screened patients.33 The current study did not find a difference 

between NEWS and NEWS2 in predicting the study’s outcomes. There is limited data 

regarding the comparative performance of NEWS and NEWS2 in the ED; however, a 

retrospective study of hospitalized patients found no difference in predicting 24-hour in-

hospital mortality, irrespective of T2RF presence.34 These findings raise questions about the 

usefulness of implementing NEWS2.35,36 

Interpretation and implementation 

The SIRS criteria were part of the sepsis definitions for over two decades.37,38 With the 

introduction of the Sepsis-3 definitions, there has been a shift toward using qSOFA score as a 

sepsis screening tool, similar to how SIRS criteria were previously employed.39 However, 

qSOFA is not included in the Sepsis-3 definitions and was not originally developed to screen 

for potential sepsis. Instead, it was recommended as a simple bedside tool to identify patients 

with suspected infection who are at risk for adverse sepsis outcomes outside the ICU.39,40 

Employing qSOFA to screen patients with suspected infections during ED triage would miss 

many cases of sepsis, partially due to its involvement of criteria showing current 

decompensation, like hypotension, rather than indicating potential future deterioration.31,41 Our 
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findings support the recommendation of the 2021 Surviving Sepsis Campaign against using 

qSOFA as a single screening tool for sepsis or septic shock compared with SIRS, NEWS, or 

MEWS.42 However, a pragmatic approach could involve leveraging the sensitivity of NEWS(2) 

to identify patients for rapid review in the triage and resuscitation area while implementing 

qSOFA or MEWS to identify those most likely to benefit from early referral to critical care 

teams. the selection of an early warning score should be guided by the intended clinical 

purpose, including whether the priority is to maximize sensitivity for early identification (rule-

out strategy) or specificity for risk stratification (rule-in strategy), as well as local workflow 

considerations and available resources .It is also crucial to highlight that in our study, SIRS ≥2 

may be falsely positive (lowering specificity) due to the prevalent benign ethnic neutropenia 

(BEN) in Middle Eastern populations.43,44 BEN is an inherited cause of chronic mild to 

moderate neutropenia, which poses no risk of infections or other cytopenias. Individuals 

affected often have a WBC count below 4 x 10³/µL. This notation is backed by a Norwegian 

study, which found that excluding the WBC count from the SIRS criteria and using a cutoff 

value of 2 or more moderately increased their specificity in predicting 7-day mortality among 

ED patients.45 It can be argued that qSOFA and NEWS(2) have similar discrimination, as 

evidenced by their comparable AUROC. However, as suggested by some experts, the 

sensitivity of any scoring system should be prioritized when triaging patients with suspected 

infection in ED, as the ramifications of false negatives, such as overlooked diagnoses and 

treatment delays, are much more severe than those of false positives, which might lead to 

unneeded antibiotic and fluid administration.46 One possible drawback of NEWS(2) is their 

incorporation of greater physiological signs than SIRS and qSOFA, leading to complexities in 

memorization and computation. Nevertheless, this could account for their superior 

performance, especially in the context of contemporary electronic health records systems. the 

study findings should be interpreted within the context of hospitalized ED patients with 
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suspected infection and that caution is warranted when extrapolating the results to broader 

triage populations that include patients with less severe illness who do not require hospital 

admission 

Strength and limitations 

The current study has many strengths, including its prospective multicenter study design, 

participant assessment (ED triage) location, the low percentage of missing data, and the 

comprehensive data set. Nevertheless, there are some limitations. First, how we defined 

infection may have affected the scores' performance. However, we adopted this approach to be 

practical and to best reflect clinical practice. Secondly, SIRS performance may be improved if 

we exclude the WBC count, but this was not the study's goal. Thirdly, the study focused on the 

predictive performance of different scores without examining the effect of their implementation 

on adverse sepsis outcomes; a controlled trial would be needed for this. Fourthly, although 

obtaining physiological and laboratory markers at ED triage might be premature for predicting 

adverse sepsis outcomes, such scores are most helpful in identifying patients with suspected 

infection early. Fifthly, because participants transferred to another hospital or still hospitalized 

at 30 days were classified as not having the primary outcome, deaths occurring after transfer 

or beyond the 30-day in-hospital follow-up window may not have been captured. Finally, while 

experts were aware of the individual components of the scores, they were blind to the overall 

scores themselves. 
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While qSOFA and MEWS demonstrated high specificity, their sensitivity was low, suggesting 

they might miss many sepsis cases if employed as ED screening tools. The NEWS(2) were the 

most sensitive, and SIRS performed close to them. Because NEWS(2) showed high sensitivity 

with better specificity than SIRS and is widely used across diverse medical conditions, it may 

be incorporated into clinical judgment during ED triage to support sepsis identification and 

prompt treatment, while recognizing that no score should be used as a stand-alone screening 

tool. 

Data Availability 

The datasets used and/or analyzed during the current study are available from the 

corresponding author on reasonable request. 
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Figure 1. Flow diagram of the study 
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DNR: Do not resuscitate; ED: Emergency department; qSOFA: Quick sequential organ failure assessment; 
SIRS: Systemic inflammatory response syndrome.  
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Figure 2: Kaplan-Meier survival estimates for participants who met SIRS ≥2 and qSOFA ≥2 versus those 
who did not  

 

 

  

               qSOFA: Quick sequential organ failure assessment; SIRS: Systemic inflammatory response syndrome.   
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Figure 3: The area under the receiver operating characteristic curve of SIRS, qSOFA, 
NEWS(2), and MEWS for the study’s 
outcomes
  

 

 

  

The area under the receiver operating characteristic curve (AUROC) data is in the blue-shaded 
diagonal cells (with 95% asymptotic normal confidence intervals). The corrected P values for 
multiple comparisons using the Bonferroni method are below the AUROC cells.  
ICU: Intensive care unit; NEWS(2): National early warning score one and two; MEWS: Modified early 
warning score; qSOFA: Quick sequential organ function assessment; SIRS: Systemic inflammatory 
response syndrome. 
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Figure 3: The area under the receiver operating characteristic curve of SIRS, qSOFA, NEWS(2), and MEWS for the study’s outcomes  

 

 

  

The area under the receiver operating characteristic curve (AUROC) data is in the blue-shaded diagonal cells (with 95% asymptotic normal confidence intervals). The corrected P 
values for multiple comparisons using the Bonferroni method are below the AUROC cells.  
ICU: Intensive care unit; NEWS(2): National early warning score one and two; MEWS: Modified early warning score; qSOFA: Quick sequential organ function assessment; SIRS: Systemic 
inflammatory response syndrome. 
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eFigure 4. ROC for 30-day in-hospital mortality, ICU admission, and prolonged ICU stay 
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eFigure 5a: Net reclassification indexes for 30-day in-hospital mortality 
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eFigure 5b: Net reclassification indexes for ICU admission 
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eFigure 5c: Net reclassification indexes for prolonged ICU stay 
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 30-days in-hospital mortality  
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 All participants Died Alive  a

Characteristics 3,274 287 (8.8%) 2,987 (91.2%) 

Age, median (IQR), yrs 62 (40–76) 74 (62–84) 60 (39–75) 

Men, No. (%) 1,817 (55.5) 142 (49.5) 1,675 (56.1) 

Race, No. (%)    

Asian 89 (2.7) 4 (1.4) 85 (2.8) 

Black 146 (4.5) 15 (5.2) 131 (4.4) 

South Asian 238 (7.3) 13 (4.5) 225 (7.5) 

White 2,801 (85.6) 255 (88.9) 2,546 (85.2) 

Charlson's comorbidity index b    

Median (IQR) 4 (1–7) 7 (5–9) 4 (1–6) 

Has score ≥3 score, No. (%) 2,111 (64.5) 263 (91.6) 1,848 (61.9) 

Blood pressure, median (IQR), mm Hg    

Systolic blood pressure 122 (108–138) 110 (93–
130) 

122 (109–
139) 

Mean arterial blood pressure 88 (77–98) 80 (67–94) 88 (78–98) 

Heart rate, median (IQR), beats/min 96 (82–110) 101 (85–
116) 

96 (82–110) 

Oxygen saturation, median (IQR), % 96 (93–98) 94 (88–97) 96 (93–98) 

Respiratory rate, median (IQR), breath/min 20 (19–22) 22 (20–28) 20 (19–22) 

Temperature, median (IQR), °C 37.0 (36.7–37.8) 37.0 (36.6– 37.0 (36.7–37.8) 
  37.6)  

White blood cells count, median (IQR), ×10³/µL 10.6 (7.0–14.7) 12.7 (7.4–18.4) 10.4 (7.0–14.5) 

SIRS c    

Median (IQR) 2 (1–2) 2 (1–3) 2 (1–2) 

Has criteria ≥2, No. (%) 1,742 (53.2) 208 (72.5) 1,534 (51.4) 
Individual component of criteria, No. (%)    

Tachycardia (HR >90 beat/min) 1,940 (59.3) 183 (63.8) 1,757 (58.8) 

Tachypnea (RR ≥20 breath/min) 1,260 (38.5) 196 (68.3) 1,064 (35.6) 

Fever (Temp. >38°C) or hypothermia (Temp. <36°C) 618 (18.9) 48 (16.7) 570 (19.1) 

Leukocytosis (WBCs >12 x 10³/µL) or leukopenia (WBCs <4 x 10³/µL) 1,546 (47.2) 171 (59.6) 1,375 (46.0) 
qSOFA d    

 

 

 

 

 

 

NEW score e 

Median (IQR) 4 (1–7) 8 (4–11) 3 (1–6) 

Has score ≥5, No. (%)f 1,369 (41.8) 212 (73.9) 1,157 (38.7) 

NEW2 score, No. (%) e 

Median (IQR) 4 (1–7) 8 (4–10) 3 (1–6) 

Has score ≥5, No. (%)f 1,370 (41.8) 211 (73.5) 1,159 (38.8) 

MEW score g 

Median (IQR) 2 (1–4) 4 (2–6) 2 (1–4) 

Has score ≥5, No. (%) 624 (19.1) 115 (40.1) 509 (17.0) 

Evidence of infection, No. (%) 

 

 

 

Median (IQR) 0 (0–1) 1 (1–2) 0 (0–1) 

Has score ≥2, No. (%) 449 (13.7) 121 
(42.2) 

328 
(11.0) 

Individual component of score, No. (%)    

Altered level of consciousness (GCS <15) 589 (18.0) 140 
(48.8) 

449 
(15.0) 

Hypotension (SBP ≤100 mm Hg) 551 (16.8) 108 
(37.6) 

443 
(14.8) 

Tachypnea (RR ≥22 breath/min) 1,137 
(34.7) 

192 
(66.9) 

945 
(31.6) 

 

Positive culture 784 (23.9) 94 
(32.8) 

690 (23.1) 

Other microbiological methods h 621 (19.0) 81 
(28.2) 

540 (18.1) 

Radiological studies 1,214 
(37.1) 

77 
(26.8) 

1,137 
(38.1) 

Clinical context 655 (20.0) 35 
(12.2) 

620 (20.8) 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 

Si 
ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 

Table 1. Baseline characteristics of the study participants  

 30-days in-hospital mortality  

 All participants Died Alive a 

Characteristics 3,274 287 (8.8%) 2,987 (91.2%) 

Respiratory (excluding COVID-19) 934 (28.5) 95 (33.1) 839 (28.1) 

Soft/cutaneous tissues 408 (12.5) 22 (7.7) 386 (12.9) 

Urogenital 623 (19.0) 47 (16.4) 576 (19.3) 

Unknown 52 (1.6) 12 (4.2) 40 (1.3) 

Other i 44 (1.3) 0 (0.0) 44 (1.5) 
COVID-19: Coronavirus disease-19; GCS: Glasgow coma scale; HR: Heart rate; MAP: Mean arterial pressure; MEWS: Modified early warning score; NEWS(2): 
National early warning score one and two; qSOFA: Quick sequential organ failure assessment; RR: Respiratory rate; SBP: Systolic blood pressure; SIRS: 
Systemic inflammatory response syndrome; Temp.: Temperature; WBCs: White blood cells. 

 

a–Either discharged from the hospital, transferred to another hospital, or still alive by the end of the in-hospital follow-up phase (maximum 30 days). 

b–Ranges from 0 to 37, with higher scores indicating a greater risk of 1-year mortality. 

c– Ranges from 0 to 4, with higher scores representing a greater syndrome severity. 

d–Ranges from 0 to 3, with higher scores indicating a greater likelihood of having poor outcomes. 

e–Ranges from 0 to 20, with higher scores indicating a greater likelihood of clinical deterioration. 

f–A score of ≥5 or <5 irrespective of whether any parameter is red; for example, the score can be <5 even if one parameter has a score of 3 (i.e., red in 

NEW(2) scores charts). 

g– Ranges from 0 to 14, with higher scores indicating a greater likelihood of clinical deterioration. 

h–For example, serological or histopathological studies. 

i–Other causes of infections: Malaria (24; 0.7%), dengue fever (14; 0.42%), acute pericarditis (1; 0.03%), disseminated tuberculosis (2; 0.06%), infectious 

mononucleosis (1; 0.03%), lepromatous leprosy (1; 0.03%), Lyme disease (1; 0.03%), and bacterial keratitis in cancer patient (1, 0.03%). 
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Table 2. Logistic regression models for 30-day in-hospital mortality (N = 3,207)  a

30-day in-hospital mortality, No. 

Died Alive 

 

 

Adjusted OR (95% CI) 

SIRS models 
SIRS criteria ≥2 

No 79 1,453 Reference 

Yes 208 1,534 2.19 (1.61 – 2.97) 

SIRS criteria    

0 21 516 Reference 

1 58 937 1.54 (0.90 – 2.65) 

2 105 893 2.76 (1.64 – 4.64) 

3 82 521 3.00 (1.74 – 5.16) 

4 21 120 4.52 (2.22 – 9.21) 

qSOFA models 
qSOFA score ≥2 

No 166 2,659 Reference 

Yes 121 328 3.99 (2.91 – 5.48) 
qSOFA score    

0 53 1,831 Reference 

1 113 828 3.57 (2.45 – 5.19) 

2 85 270 7.68 (4.99 – 11.82) 
3 36 58 12.19 (6.75 – 22.02) 

NEW score ≥5    

No 75 1,830 Reference 

Yes 212 1,157 3.20 (2.34 – 4.37) 

NEW2 score ≥5    

No 76 1,828 Reference 

Yes 211 1,159 2.89 (2.11 – 3.94) 

MEW score ≥5    

No 172 2,478 Reference 

Yes 115 509 2.78 (2.05 – 3.77) 
MEWS: Modified early warning score; NEWS(2): National early warning score one and two; OR: odds ratio; qSOFA: Quick sequential organ failure assessment; 

SIRS: Systemic inflammatory response syndrome. 

 

a—Adjusted for the age, Charlson comorbidity index, sex, race, hypertension, and infection source. 
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Table 3. Performance of SIRS, qSOFA, NEWS(2), and MEWS for prediction of the 30-day 

in-hospital mortality 

Outcome (95% CI) a b
 SIRS ≥2 qSOFA ≥2 NEWS ≥5 NEWS2 ≥5 MEWS ≥5 

Sensitivity 72.5 (66.9 – 77.6) 42.2 (36.4 – 48.1) 73.9 (68.4 – 78.9) 73.5 (68.0 – 78.5) 40.1 (34.4 – 46.0) 

Specificity 48.6 (46.8 – 50.5) 89.0 (87.8 – 90.1) 61.3 (59.5 – 63.0) 61.2 (59.4 – 63.0) 83.0 (81.6 – 84.3) 

Positive predictive value 11.9 (10.5 – 13.6) 26.9 (22.9 – 31.3) 15.5 (13.6 – 17.5) 15.4 (13.5 – 17.4) 18.4 (15.5 – 21.7) 

Negative predictive value 94.8 (93.6 – 95.9) 94.1 (93.2 – 95.0) 96.1 (95.1 – 96.9) 96.0 (95.0 – 96.8) 93.5 (92.5 – 94.4) 

Additive NRI Reference 10.06 (-0.75 – 17.17) 14.02 (6.44 – 20.54) 13.60 (6.61 – 20.73) 1.91 (-7.02 – 7.72) 

Absolute NRI Reference 34.18 (30.10 – 38.23) 11.64 (6.25 – 15.87) 11.55 (6.60 – 15.26) 28.47 (25.48 – 31.53) 
CI: Confidence interval; MEWS: Modified early warning score; NRI: Net reclassification index; NEWS(2): National early 

warning score one and two; qSOFA: Quick sequential organ failure assessment; 

SIRS: Systemic inflammatory response syndrome. 

 

a–Confidence intervals for sensitivity, specificity, and positive and negative predictive values are based on the exact Binomial 

method. 

b–Confidence intervals for NRIs are based on bias-corrected and accelerated bootstrap method (1,000 replications), with 

recruiting hospitals being the resampling clusters. 
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