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Quick-SOFA score to pred
ict mortality among
geriatric patients with influenza in the emergency
department
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Abstract
The quick sequential organ failure assessment (qSOFA) score is widely used to assess the risk of sepsis and predict in-hospital
mortality in patients with suspected infection. However, its ability to predict mortality among geriatric patients with influenza in the
emergency department (ED) remains unclear. Therefore, this study was conducted to delineate this issue.
A retrospective case–control study was conducted on geriatric patients (age ≥65 years) with influenza who visited the ED of a

medical center between January 01, 2010, and December 31, 2015. Demographic data, vital signs, past histories, influenza
subtypes, and treatment outcomes were included in the analysis. We assessed the accuracy of the qSOFA score in predicting 30-
day mortality via logistic regression. Covariate adjustment of the area under the receiver operating characteristic curve (AUROC) via
regression modeling was performed too.
In total, 409 geriatric ED patients with mean age of 79.5 years and nearly equal sex ratio were recruited. The mean qSOFA score

was 0.55±0.7. The Hosmer–Lemeshow goodness-of-fit test was 0.79 for qSOFA score. Patients with qSOFA score of ≥2 (odds
ratio, 4.21; 95% confidence interval [CI], 1.56–11.40) had increased in-hospital mortality. qSOFA score of ≥2 also had excellent in-
hospital mortality discrimination with an adjusted AUROC of 0.81 (95% CI, 0.71–0.90). A qSOFA of ≥2 had prominent specificity of
0.89 (95% CI, 0.86–0.92).
An increase in qSOFA score of 2 greatly predicts mortality in geriatric patients with influenza.

Abbreviations: AUROC= area under the receiver operating characteristic curve, CAD= coronary artery disease, CI= confidence
Interval, COPD = chronic obstructive pulmonary disease, ED = emergency department, OD = odds ratio, qSOFA = quick sequential
organ failure assessment response syndrome, SD = standard deviation, TM = tympanic temperature.
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1. Introduction

Influenza and the aging population are both crucial worldwide
issues that may result in considerable morbidity and mortality
every year.[1] During the influenza epidemic season, the
emergency department (ED) would be flooded with patients
complaining of fever, seeking medical assistance. Hospitalization
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is often needed when associated with pulmonary, cardiovascular,
and less frequently, neuromuscular disease complications.[2] A
total of 142,000 hospitalizations were estimated to be related to
influenza infection,[3] and 40% of them consisted of elderly
people (aged ≥65 years).[4] Mortality and complications caused
by influenza were noted in >90% of geriatric patients.[3]

Therefore, an effective clinical tool is needed to discriminate
the severity of influenza infection in geriatric patients, in order to
avoid fatal consequences and promote proper utilization of
medical resources.
The quick sequential organ failure assessment (qSOFA) score

was proposed by the members of the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) in
2016 for a new definition of sepsis and is frequently used to
evaluate the risk of sepsis and predict in-hospital mortality. This
scoring system is derived from several simple vital signs, including
the mental status, respiratory rate, and blood pressure,[5] which
are immediately and easily acquired in the ED setting. It does not
require laboratory tests and can be assessed repeatedly to predict
poor prognosis in adult patients with sepsis.
Other than identifying the risk of sepsis, the role of the qSOFA

score in predicting mortality in geriatric patients with influenza
remains unclear. After conducting a keywords search, that is,
“death,” “geriatric,” “influenza,” “mortality,” “prediction,”
and “qSOFA score” in PubMed and Google Scholar, studies
associated on this issue were not found. Therefore, this study was
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conducted to delineate the role of qSOFA score in predicting
mortality in geriatric patients with influenza.
2. Methods

2.1. Study design, setting, and participants

This study was conducted in an 800-bed university-affiliated
medical center. The center has a 40-bed ED with board-certified
emergency physicians providing care for approximately 55,000
patients per year.[6] Elderly patients account for about 33%of the
total annual number of visiting patients.[7,8] Geriatric patients
(aged ≥65 years) visiting the ED between January 1, 2010, and
December 31, 2015, would be included if they met the following
criteria:
(1)
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racteristics of geriatric patients with influenza in the emergency

racteristics Total patients (N=409)

yr 79. 5±8.3
subgroup
oung elderly (65–74) 125 (30.6)
oderately elderly (75–84) 174 (42.5)
ld elderly (≥85) 110 (26.9)
sex 205 (50.1)
signs
BP, mm Hg 146.1±30.5
eart rate, beats/min 98.8±20.5
ody temperature, °C 38.18±0.93
espiratory rate, per min 21.3±4.2
lasgow coma scale score 13.9±2.3
history
ypertension 263 (64.3)
iabetes 163 (39.8)
oronary artery disease 103 (25.1)
troke 65 (15.9)
ancer 61 (14.9)
OPD 111 (27.1)
ratory data
BC, cells/mm3 10,590.0±5820.0
latelet, 103/mm3 186.2±158.8
RP, mg/dL 8.2±10.1
andemia (band form >10%) 43 (10.2)
FA 0.55±0.7
enza subtypes
fluenza A 278 (68.0)
fluenza B 120 (29.3)
fluenza A + B 11 (2.7)
enza vaccination 8 (1.9)
plication
neumonia 91 (22.2)
ission rate† 343 (83.9)

4 (0.98)

were presented as % or mean ± SD.
= chronic obstructive pulmonary disease, CRP=C-reactive protein, DNR=do not resuscitate, ED=
ure, SD= standard deviation, WBC=white blood cell count.
all complications are listed in the table.
ission to the general ward or intensive care unit.
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2.2. Variable and primary outcome definition

The qSOFA score was calculated based on the following
parameters: systolic blood pressure �100mm Hg, respiratory
rate ≥22 breaths per minute, and Glasgow Coma Scale score of
<15.[5] Patients who survived at least 30 days were considered
“survivors” for this analysis.[10,11] Telephone follow-up was
conducted to ascertain 30-day survival if the patient was
discharged before 30 days.

2.3. Data collection and case and control group
assignments

Data regarding the geriatric ED patients who fit the criteria of
influenza infection were collected via a retrospective chart review;
479 geriatric ED patients met the criteria of influenza infection,
and patients’ information including demographic characteristics,
vital signs, past histories, laboratory data, influenza subtype,
admission, and 30-day mortality were obtained by an emergency
physician. After excluding 70 patients with insufficient data, who
were lost follow-up, and transferred patients who had been
department.

Mortality (n=20) Survival (n=389) P-value

81.2±8.5 79.5±6.4 .36

4 (20.0) 121 (31.1) .31
10 (50.0) 164 (42.1) .51
6 (30.0) 104 (26.8) .76
13 (65.0) 192 (49.3) .17

135.1±31.2 146.7±30.5 .28
103.0±21.6 98.6±20.5 .55
38.19±0.92 38.17±0.93 .38
23.4±7.5 21.1±3.9 .02
12.0±4.0 14.1±2.2 .03

17 (85.0) 246 (63.2) .06
7 (35.0) 156 (40.1) .66
10 (50.0) 93 (23.9) .09
4 (20) 61 (15.7) .63
7 (35) 54 (13.9) .02
0 (0) 111 (28.5) .03

14530.0±6.2 10380.0±5.8 <.01
198.9±140.3 185.6±159.9 .68
11.7±9.2 8.03±10.2 .09
7 (35) 36 (9.2) <.01

1.2±0.8 0.5±0.7 <.01

12 (60) 266 (68.3) .45
5 (25) 115 (29.5) .67
3 (15) 8 (2.1) <.01
1 (5) 7 (1.8) .55

5 (25) 86 (22.1) .22
20 (100) 323 (83.0) .05
2 (10) 2 (0.5) .08

emergency department, qSOFA=quick sepsis-related organ failure assessment, SBP= systolic blood
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treated in other hospitals, 409 patients were eventually recruited.
Required data that is not recorded in the patient’s medical chart
was considered negative, and the patient will be eventually
excluded. The included patients were then divided into 2 groups,
which are the survival and mortality groups, based on their 30-
day outcome. All of the variables were used to compare the 2
groups (Table 1).
2.4. Ethical statement

This study was approved by the Institutional Review Board of the
Cathay General Hospital and conducted according to the tenets
of the Declaration of Helsinki. Because this was an observational
study, the need for patients’ informed consent was waived.
Figure 1. Distribution of patients by qSOFA score among geriatric patients
with influenza infection. qSOFA = quick sequential organ failure assessment.
2.5. Statistical analysis

SPSS 23.0 for Mac (IBM Corp, Chicago, IL) was used for all
statistical analyses. The power was 0.82 using G-power 3.0 for
analysis. Continuous data are presented as means± standard
deviation (SD). In the univariate analyses, an independent
samples t test or the Mann–Whitney–Wilcoxon test was used for
continuous variables. Pearson chi-squared test or Fisher exact test
was used for categorical variables. Logistic regression was
performed to evaluate mortality prediction for qSOFA score of
≥1, ≥2, and ≥3. The most significant (P< .05) score range was
considered positive. The area under the receiver operating
characteristic curve (AUROC) was used to evaluate the mortality
discrimination ability of the qSOFA score. The AUROC was
further adjusted for by comorbidities that affect mortality (P
value< .1) via regression modeling. The Hosmer–Lemeshow
goodness-of-fit test was performed to evaluate the reliability of
the scoring systems. Sensitivity, specificity, positive predictive
value, and negative predictive value were also evaluated to
determine the performance of positive qSOFA score.
Figure 2. Mortality by qSOFA score among geriatric patients with influenza
infection. qSOFA = quick sequential organ failure assessment.
3. Results

A total of 409 patients were recruited in this study, with a 30-day
mortality rate of 4.9% (20/409) (Table 1). The mean age±SD
was 79.5±8.3, and the percentages of 2 sexes were nearly equal.
The mean±SD of the systolic blood pressure, respiratory rate,
andGlasgowComa Scale score were 146.1±30.5 (mmHg), 21.3
±4.2 (per minute), and 13.9±2.3, respectively. The mortality
group had a higher prevalence of cancer than the survival group,
but the prevalence of chronic obstructive pulmonary disease was
lower. None of the patients signed “do-not-resuscitate” agree-
ment upon admission. During the laboratory data analysis, the
mortality group had a higher white blood cell count, percentage
of bandemia, and coinfection rate (ie, influenza A+B) than the
survival group.
All of the patients were treated with either Oseltamivir or

Zanamivir immediately within 24hours after being diagnosed
with influenza infection. Causes of mortality among 20 patients
were sepsis (70%, 14 patients), respiratory failure (15%, 3
patients), and cardiovascular event (15%, 2 patients with acute
myocardial infarction and 1 with myocarditis). No statistical
difference in “do not resuscitate” orders were observed between
the mortality and survival groups.
The distribution of geriatric patients with influenza infection

according to the qSOFA score showed that 234 (57.2%) patients
had 0 point, 126 (30.8%) had 1, and 48 (11.7%) had 2 (Fig. 1).
3

Themortality rate was 14.6% for 2 points and 100% for 3 points
according to the qSOFA score (Fig. 2). Logistic regression was
performed to predict mortality among patients with qSOFA
scores of ≥1, ≥2, and ≥ 3. The most significant qSOFA score was
≥2 (odds ratio, 4.21; 95% confidence interval [CI], 1.56–11.40).
The Hosmer–Lemeshow goodness-of-fit was 0.79 for the qSOFA
score of ≥2 (Table 2).
The AUROC was adjusted by coronary artery disease (CAD)

(P= .09) and cancer (P= .02). The adjusted AUROC formortality
prediction showed that the qSOFA score of ≥2 (0.81; 95% CI,
0.71–0.90) had an excellent mortality discrimination ability
(Table 3). The performance of qSOFA score of ≥2 in predicting
mortality in geriatric patients with influenza infection showed a
low sensitivity of 0.40 (95% CI, 0.20–0.64) and high specificity
of 0.89 (95% CI, 0.86–0.92) (Table 4).
4. Discussion

The qSOFA score is a useful tool in predicting mortality and
organ failure outside the intensive care units in patients with
sepsis.[12] In this study, increased qSOFA score of ≥2 also
demonstrated good accuracy of mortality prediction in geriatric
patients with influenza infection. Although no similar previous
study was found, several articles discussed and debated the

http://www.md-journal.com


Table 2

Mortality rate prediction using qSOFA score of ≥2, identified by logistic regression.

Score B Odds ratio 95% CI P-value Hosmer-–emeshow goodness of fit

qSOFA ≥2 1.43 4.21 1.56–11.40 <.01 0.79

CI = confidence interval, qSOFA = quick sepsis-related organ failure assessment.
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usefulness of qSOFA score in predicting the prognosis of adults in
the ED. A recent multicenter prospective cohort study conducted
by Freund et al showed that the qSOFA score is better than SIRS
criteria in predicting in-hospital mortality with an AUROC of
0.80 in 879 patients with suspected infection treated at the ED.[13]

Williams et al also demonstrated consistent results by analyzing a
large Australian cohort of 8871 ED admitted patients with
suspected infection, concluding that the qSOFA score of ≥2 is an
excellent mortality and organ dysfunction prediction tool.[14]

The qSOFA score of ≥2 is highly specific in predicting
mortality of geriatric patients with influenza infection. However,
fatal outcome was also noted in influenza-infected elderly
patients with qSOFA score of <2, as atypical infection
presentations, such as hypoxemia, renal failure, coagulopathy,
or hyperbilirubinemia, cannot be assessed by the qSOFA
score.[12] In this study, despite a lack of statistical significance,
2.5% of elderly patients infected with influenza died with a
qSOFA of score<2. Fortunately, the low sensitivity disadvantage
of the qSOFA score can be limited by the high number of patients
visiting the ED, with low expected mortality rate.[15] Therefore,
the specificity seemed to be more important in the ED to avoid
unnecessary medical treatment and expenses.
The AUROC was adjusted according to comorbidities, CAD,

and cancer that will affect mortality.[16] Past CAD history,
combined with influenza infection, may lead to exacerbation of
preexisting cardiac disease, deterioration of heart failure, and
occurrence of myocardial infarction, leading to increased risk of
death.[17] Meanwhile, patients with cancer history may be
receiving chemotherapy or radiation therapy, resulting in
immunocompromised status, which is vulnerable to infection.[18]

The high prevalence of chronic obstructive pulmonary disease
(COPD) in this study, compared to the overall geriatric
population, was probably due to the impaired pulmonary
function of the elderly patients with COPD, which makes them
more susceptible to influenza infection.[19]

Although influenza vaccination plays an important role in
attempts to reduce the mortality burden of influenza, the
mortality benefits of influenza vaccination in elderly people is
still controversial. Several studies, since 1980, were unable to
proof significant decrease in influenza-related mortality, even as
vaccination coverage increased from 15% to 65%. In addition,
the effectiveness of the influenza vaccine also varies from season
to season.[20] Further researches are needed to clarify this issue.
Table 3

Adjusted AUROC for mortality discrimination of qSOFA score ≥2 in
geriatric patients with influenza infection.

Score Adjusted AUROC 95% CI P-value

qSOFA ≥2 0.80 0.70–0.90 <.01

AUROC= area under the receiver operating characteristic, CI= confidence interval, qSOFA=quick
sepsis-related organ failure assessment.
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Themajor strength of this study is that it is the first to report the
role of qSOFA score in predicting mortality in geriatric patients
with influenza. This study also has some limitations. First, some
valuable information and data may be missing due to the
retrospective nature of the study. Second, the severity of influenza
may be higher as this study was conducted at a medical center.
Third, the included elderly patients with influenza infection for
>5 years was relatively low. This may be related to the selection
of positive influenza swab test as the inclusion criteria rather than
the clinical diagnosis. Patients, who were clinically diagnosed
with influenza, but with false-negative influenza swab result, may
be overlooked, and not included in the study. The influenza swab
test has a modest sensitivity of 58% to 67% and a superior
specificity of 98%.[21] Fourth, advanced examinations, such as
reverse transcriptase-polymerase chain reaction, immunofluores-
cence assay, or viral culture, should be conducted to further
confirm the diagnosis of influenza, as the influenza swab test may
have false-positive or negative results. The swab test had a
positive predictive rate of 85.7% and negative predictive rate of
89.8% for influenza A and positive predictive rate of 66.7% and
negative predictive rate of 93.9% for influenza B.[22] However,
the criteria used in this study have the advantage of being simple
and practical for the study. Fifth, influenza is a seasonal illness,
the variation of influenza virus strains between seasons is crucial
as there may consequence in different severities in specific
populations, such as elderly people. Therefore, further studies
about this issue are warranted.
5. Conclusions

The qSOFA score is an effective tool to predict mortality in
geriatric ED patients with influenza infection. Geriatric ED
patients with an increased qSOFA score of≥2 had fourfold risk of
30-day mortality than those with qSOFA score of <2. However,
the low sensitivity disadvantage of the qSOFA score should be
carefully considered; therefore, patients with qSOFA score of <2
should be reassessed and reevaluated. Further studies are needed
to validate the findings of this study.
Author contributions

SHC, CCY, YAC, JYC, CC Hsu, and CC Huang designed and
conceived this study and wrote the manuscript. JYC performed
Table 4

Performance of qSOFA score in predicting mortality in geriatric
patients with influenza infection.

qSOFA ≥2

Sensitivity 0.40 (0.20–0.64)
Specificity 0.89 (0.86–0.92)
Positive predictive value 0.16 (0.08–0.30)
Negative predictive value 0.96 (0.94–0.98)

qSOFA=quick sepsis-related organ failure assessment.



Chang et al. Medicine (2019) 98:23 www.md-journal.com
the statistical analysis. JHC and WLC provided professional
suggestions and wrote the manuscript. All authors read and
approved the final manuscript.
Data curation: Jui-Yuan Chung.
Formal analysis: Jui-Yuan Chung.
Supervision: Jiann-Hwa Chen, Wei-Lung Chen.
Writing – original draft: Su-Hen Chang, Chien-Chun Yeh, Chen

Yen-An, Chien-Chin Hsu, Jui-Yuan Chung.
Writing – review and editing: Jiann-Hwa Chen, Wei-Lung Chen,

Chien-Cheng Huang, Jui-Yuan Chung.
References

[1] Trucchi C, Paganino C, Orsi A, et al. Influenza vaccination in the elderly:
why are the overall benefits still hotly debated? J PrevMed Hyg 2015;56:
E37–43.

[2] RothbergMB, Haessler SD, Brown RB. Complications of viral influenza.
Am J Med 2008;121:258–64.

[3] Simonsen L, Fukuda K, Schonberger LB, et al. The impact of influenza
epidemics on hospitalizations. J Infect Dis 2000;181:831–7.

[4] Bridges CB, Fukuda K, Uyeki TM, et al. Centers for Disease Control and
Prevention, Advisory Committee on Immunization PracticesPrevention
and control of influenza.Recommendations of theAdvisoryCommittee on
Immunization Practices (ACIP). MMWR Recomm Rep 2002;51:1–31.

[5] Singer M, Clifford S, Deutschman CS, et al. The third international
consensus definitions for sepsis and septic shock (sepsis-3). JAMA
2016;315:801–10.

[6] Chung JY, Hsu CC, Chen JH, et al. Shock index predicted mortality in
geriatric patients with influenza in the emergency department. Am J
Emerg Med 2019;37:391–4.

[7] Huang CC, Kuo SC, Chien TW, et al. Predicting the hyperglycemic crisis
death (PHD) score: a new decision rule for emergency and critical care.
Am J Emerg Med 2013;31:830–4.

[8] Chung MH, Huang CC, Vong SC, et al. Geriatric fever score: a new
decision rule for geriatric care. PLoS One 2014;9:e110927.

[9] Chung MH, Chu FY, Yang TM, et al. Hypotension, bedridden,
leukocytosis, thrombocytopenia and elevated serum creatinine predict
5

mortality in geriatric patients with fever. Geriatr Gerontol Int 2015;
15:834–9.

[10] Sankaran P, Kamath AV, Tariq SM, et al. Are shock index and adjusted
shock index useful in predicting mortality and length of stay in
community-acquired pneumonia? Eur J Intern Med 2011;22:282–5.

[11] Huang CC, Hsu CC, Guo HR, et al. Dengue fever mortality score: a
novel decision rule to predict death from dengue fever. J Infect
2017;75:532–40.

[12] Andaluz D, Ferrer R. SIRS, qSOFA, and organ failure for assessing sepsis
at the emergency department. J Thorac Dis 2017;9:1459–62.

[13] Freund Y, Lemachatti N, Krastinova E, et al. Prognostic accuracy of
sepsis-3 criteria for in-hospital mortality among patients with suspected
infection presenting to the emergency department. JAMA 2017;317:
301–8.

[14] Williams JM, Greenslade JH, McKenzie JV, et al. Systemic inflammatory
response syndrome, quick sequential organ function assessment, and
organ dysfunction: insights from a prospective database of ED patients
with infection. Chest 2017;151:586–96.

[15] Sprung CL, Sakr Y, Vincent JL, et al. An evaluation of systemic
inflammatory response syndrome signs in the sepsis occurrence in acutely
ill patients (SOAP) study. Intensive Care Med 2006;32:421–7.

[16] Chung JY, Hsu CC, Chen JH, et al. Geriatric influenza death (GID) score:
a new tool for predicting mortality in older people with influenza in the
emergency department. Sci Rep 2018;8:9312.

[17] Mamas MA, Fraser D, Neyses L. Cardiovascular manifestations
associated with influenza virus infection. Int J Cardiol 2008;130:304–9.

[18] Danai PA, Moss M, Mannino DM, et al. The epidemiology of sepsis in
patients with malignancy. Chest 2006;129:1432–40.

[19] Wang YC, Lin JM, Li CY, et al. Prevalence and risks of chronic airway
obstruction: a population cohort study in Taiwan. Chest 2007;131:
705–10.

[20] Simonsen L, Taylor RJ, Viboud C, et al. Mortality benefits of influenza
vaccination in elderly people: an ongoing controversy. Lancet Infect Dis
2007;7:658–66.

[21] Chartrand C, Pai M. How accurate are rapid influenza diagnostic tests?
Expert Rev Anti Infect Ther 2012;10:615–7.

[22] Gröndahl B, Puppe W, Weigl J, et al. Comparison of the BD Directigen
Flu A+B Kit and the Abbott TestPack RSV with a multiplex RT-PCR
ELISA for rapid detection of influenza viruses and respiratory syncytial
virus. Clin Microbiol Infect 2005;11:848–50.

http://www.md-journal.com

	Quick-SOFA score to predict mortality among geriatric patients with influenza in the emergency department
	Outline placeholder
	1 Introduction
	2 Methods
	2.3 Data collection and case and control group assignments
	2.5 Statistical analysis

	4 Discussion
	Author contributions

	References


