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Abstract
Purpose  A number of scoring tools have been developed to predict illness severity and patient outcome for proven pneu-
monia, however, less is known about the utility of clinical prediction scores for all-cause acute respiratory infection (ARI), 
especially in elderly subjects who are at increased risk of poor outcomes.
Methods  We retrospectively analyzed risk factors and outcomes of individuals ≥ 60 years of age presenting to the emergency 
department with a clinical diagnosis of ARI.
Results  Of 276 individuals in the study, 40 had proven viral infection and 52 proven bacterial infection, but 184 patients with 
clinically adjudicated ARI (67%) remained without a proven microbial etiology despite extensive clinical (and expanded 
research) workup. Patients who were older, had multiple comorbidities, or who had proven bacterial infection were more 
likely to require hospital and ICU admission. We identified a novel model based on 11 demographic and clinical variables 
that were significant risk factors for ICU admission or mortality in elderly subjects with all-cause ARI. As comparators, a 
modified PORT score was found to correlate more closely with all-cause ARI severity than a modified CURB-65 score (r, 
0.54, 0.39). Interestingly, modified Jackson symptom scores were found to inversely correlate with severity (r, − 0.34) but 
show potential for differentiating viral and bacterial etiologies.
Conclusions  Modified PORT, CURB-65, Jackson symptom scores, and a novel ARI scoring tool presented herein all offer 
predictive ability for all-cause ARI in elderly subjects. Such broadly applicable scoring metrics have the potential to assist 
in treatment and triage decisions at the point of care.
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Introduction

Respiratory infections are widespread throughout the United 
States and account for a large percentage of outpatient and 
hospital visits annually. In 2017, influenza alone was one of 
the leading causes of mortality in the United States, account-
ing for over 79,000 total deaths [1]. The burden of these 
infections and corresponding complications is particularly 
high among adults 65 years and older, who face increased 
disease susceptibility and higher hospitalization and mortal-
ity rates following respiratory illnesses [2–8]. This burden 
of disease increases with age, with individuals 85 years and 
older being 16–32 times more likely to die of an influenza-
associated illness compared to individuals age 65–69 [4]. 
This trend towards more severe disease in the elderly is 
consistent across both viral and bacterial etiologies of ARI.

Distinct causes of respiratory infection are difficult to dif-
ferentiate based on clinical presentation alone, which can 
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lead to a time and cost-consuming clinical workup. Of indi-
viduals requiring hospitalization for community-acquired 
pneumonia, it has been estimated that as few as 30% of those 
with radiographic evidence of pneumonia and specimens 
available for testing have a pathogen detected despite mod-
ern diagnostic tests [3, 5, 9, 10]. Furthermore, even when an 
etiologic agent is identified predicting clinical progression 
and outcomes for appropriate patient disposition, allocation 
of resources, and antibiotic stewardship continues to remain 
problematic [11]. These challenges often lead to delays in 
patient care, inappropriate antibiotic usage, and poor patient 
outcomes [12].

To aid in clinical decision making, several widely used 
metrics have been developed to predict illness severity and 
patient outcomes [13–19]. However, many of these prog-
nostic scoring tools are intended for use in patients present-
ing with syndromes specifically suggestive of community-
acquired pneumonia, including the British Thoracic Society 
(BTS)-recommended CURB-65 score [14, 16, 18], and the 
Pneumonia Severity index (PSI), developed by the Pneu-
monia Outcome Research Team (PORT) [9, 17]. When 
focused on the performance of decision tools with advanc-
ing age, CURB-65 and CORB, a decision tool for use in the 
emergency department, were found to perform well among 
elderly individuals (median age of 83) with suspected pneu-
monia, but little has been done to assess their utility in the 
broader clinical syndrome of ARI [19, 20].

Although the focus has historically been on pneumo-
nia, research into predictive metrics for elderly individuals 
with all causes of respiratory illness is essential due to the 
potential for overlapping clinical syndromes. Development 
of a broadly applicable outcome prediction tool from com-
monly assessed characteristics and laboratory values would 
assist with antibiotic stewardship, patient triage, and overall 
patient outcome among a high-risk population.

The present study aimed to characterize elderly individu-
als presenting to the emergency department with symptoms 
consistent with an acute respiratory illness and compare the 
utility of risk stratification tools developed for individuals 
with community-acquired pneumonia to a novel metric for 
all causes of acute respiratory illness.

Methods

Patient selection

Patients were identified from those previously enrolled in the 
Emergency Departments of Duke University Medical Center 
(Durham, NC), the Durham VA Medical Center (Durham, 
NC), UNC Health Care (Chapel Hill, NC) or Henry Ford 
Hospital (Detroit, MI) as part of the Community-Acquired 
Pneumonia and Sepsis Outcome Diagnostics (CAPSOD) 

study or the Duke Emergency Department study from 2006 
to 2014 [21–25]. All studies were reviewed and approved by 
appropriate Institutional Review Boards and in accordance 
with the Declaration of Helsinki. All patients, or a legally 
authorized representative, provided written informed con-
sent prior to enrollment. Patients were eligible for enroll-
ment in the parent studies if they had a known or suspected 
infection and the presence of at least two SIRS criteria (tem-
perature ≤ 36 °C or ≥ 38 °C, heart rate ≥ 90 bpm, respiratory 
rate ≥ 20 breaths/min or PaCO2 < 32 mmHg, and white blood 
cell count ≥ 12,000 or ≤ 4000 cells/mm3 or > 10% neutrophil 
bands forms) or clinician diagnosed respiratory infection 
[21–26]. For the current analysis, we selected all patients 
60 years of age and above with adjudication of known or sus-
pected viral or bacterial acute respiratory infection. Patients 
were excluded for evidence of non-respiratory co-infection.

Data collection

Patient demographics, past medical history and physical 
examination were recorded at the time of enrollment for all 
individuals. Collection of modified Jackson symptom score, 
based on the scoring criteria developed by Jackson et al. 
[27], at time of enrollment was limited to a single study 
[22]. Eight patient symptoms: nasal discharge, nasal con-
gestion, sneezing, cough, malaise, throat discomfort, fever 
and or chills, and headache, were used in the calculation of 
the modified Jackson symptom score. Patient outcome data 
was gathered at least 28 days after enrollment. Patients with 
initial hospital stay extending to or beyond the time of follow 
up had length of stay documented as 28 days. 28-day mortal-
ity was documented if the patient died during the hospitali-
zation or within the follow-up period. Patients were catego-
rized into one of four outcome categories based on severity 
of illness. The categories include: (1) outpatient treatment, 
(2) inpatient treatment with length of hospital stay of 1–2 
days (mild), (3) inpatient treatment with length of hospital 
stay of 3 or more days (moderate), (4) inpatient treatment 
with ICU requirement and/or 28-day mortality (severe). 
Modified PORT scores were calculated for each patient at 
time of presentation using the prediction rule developed by 
Fine et al. [17]. Four variables included in the PORT score 
calculation: nursing home resident, altered mental status, 
pH < 7.35 and pO2 < 60 mmHg, were excluded due to lack of 
collection or missing data. Modified CURB-65 scores were 
calculated at time of presentation using the metric developed 
by Lim et al. [18]. Confusion was not included in our calcu-
lation due to inability to reliably capture it retrospectively 
from our electronic medical record.
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Clinical adjudication

As a retrospective study, diagnostic workup and treatment 
plans for all subjects were determined by primary medical 
teams in accordance with standard of care. There were no 
study-specific additional diagnostic workup or management 
criteria [21, 22]. A panel of infectious disease and pulmonary/
critical care specialists developed consensus diagnoses based 
on available clinical and microbiological data from the elec-
tronic medical record that was acquired through the applica-
tion of standard care diagnostic and treatment practices. This 
results in variable inter-subject data collection and, therefore, 
a panel of infectious disease and pulmonary/critical care spe-
cialists was utilized to adjudicate the most likely etiology of 
the acute illness in each clinical case, as previously described 
[22]. This resulted in three possible outcomes: viral infection, 
bacterial infection, and unknown etiology.

Statistical analyses

The statistical significance of categorical variables was deter-
mined by the Chi-square test and the statistical significance of 
continuous variables was determined by the Wilcoxon rank-
sum. Pearson’s correlation coefficient was used to assess asso-
ciation between two variables.

A score identifying patients most likely to suffer from 
severe outcomes was generated using the R environment 
for statistical computing [28]. Severe outcome was defined 
as need for ICU admission and/or mortality within 28 days 
of enrollment. The novel model was developed from demo-
graphic and clinical variables including age, gender, patient 
comorbidities (hypertension, hyperlipidemia, diabetes mel-
litus, coronary artery disease, chronic lung disease, cancer, 
heart failure, cerebrovascular disease, chronic kidney disease), 
physical examination findings (highest temperature, highest 
respiratory rate, highest heart rate, lowest systolic and low-
est diastolic blood pressure) and laboratory findings (white 
blood cell count, blood urea nitrogen, serum sodium, serum 
glucose, hematocrit) at time of enrollment. Liver disease was 
not included in the analysis due to low variability among our 
patient population. Neutrophil, lymphocyte, and monocyte 
percentage were not included in the analysis due to a high 
degree of missingness. Temperature and serum glucose were 
log transformed. Multivariable analysis was performed using 
regularized regression implemented in the glmnet R pack-
age [29, 30]. Measures of predictive accuracy were generated 
using nested cross-validation.

Results

Overview of the study population

Over the study period, 276 individuals were enrolled 
from the emergency department with symptoms consist-
ent with acute respiratory infection and 246 (89%) of 
these individuals were admitted to the hospital for fur-
ther care (Table 1). Half (50%) of all patients were male 
(Table 1). The median age of patients was 69 years (range 
60–92 years) with 53% between 60 and 69 years of age, 
26% between 70 and 79 years old and 21% 80 years old 
and above (Table 1). 60% of patients identified as Cauca-
sian and 37% identified as African American (Table 1). 
The majority of patients (73%) were residing at home prior 
to emergency department presentation (Table 1). Hyper-
tension (71%) and chronic lung disease (50%) were the 
most common comorbidities among patients in the study 
(Table 1).

Clinical manifestations differ between subjects 
requiring admission and those treated 
as outpatients

Patients requiring admission tended to be older than 
patients treated in the outpatient setting (70 vs 63 years, 
p < 0.001), with patients requiring inpatient treatment 
more likely to have two or more comorbidities (hyper-
tension, hyperlipidemia, diabetes mellitus, chronic liver 
disease, cancer, chronic kidney disease, heart failure, coro-
nary artery disease, chronic lung disease or cerebrovascu-
lar disease) compared to those treated in the outpatient set-
ting (80% vs 63%, p = 0.037) (Table 1). Patients requiring 
inpatient treatment were also more likely to have tachy-
cardia (103 vs 94 beats per min, p = 0.028) and tachypnea 
(24 vs 20 breaths per min, p < 0.001) as compared to those 
treated in the outpatient setting (Table 2). Systolic (119 
vs 136 mmHg, p = 0.011) and diastolic blood pressure (64 
vs 71 mmHg, p = 0.002) were consistently lower among 
patients requiring hospital admission (Table 2). Interest-
ingly, average temperature did not differ by level of patient 
care (37.7 vs 37.0 degrees Celsius, p = 0.187) (Table 2). 
Both an elevated total white blood cell count and a neutro-
philic predominance were associated with inpatient treat-
ment (Table 2). Elevated blood urea nitrogen (BUN) (20 vs 
15 mg/dL, p < 0.001) and serum glucose (126 vs 110 mg/
dL, p = 0.015) were also more common among patients 
treated in the inpatient setting (Table 2).



620	 A. S. Bloom et al.

1 3

Despite modern diagnostics a definitive etiology 
for ARI is rarely obtained

Following workup considered clinically appropriate by the 
health care providers, 52 individuals (19%) were found 
to have a proven bacterial infection and 40 (14%) proven 
viral infection (Table 3 and Suppl Table 1). Interestingly, 
67% of individuals thought to have an infectious process, 
based on thorough clinical adjudication, had no specific 
pathogen identified as the cause of their illness (Table 3). 
97% of individuals presenting with symptoms of acute res-
piratory infection had chest imaging performed and 72% 
had evidence of infection as determined by the radiologist 
or clinical adjudicator. While 90% of those with bacte-
rial infection had radiographic evidence of lung infection, 
only 47% with a viral etiology and 73% of those with an 

undefined etiology had infectious findings. Thus, while 
there are clear differences between etiologies, radiographic 
evidence alone did not reliably differentiate between the 
various etiologies.

Clinical presentation and outcomes differ 
between underlying etiology of ARI

Individuals with bacterial infections were more likely to 
have increased heart (114 vs 98 beats per minute, p = 0.044) 
and respiratory rate (26 vs 21 breaths per minute, p < 0.001) 
and decreased systolic blood pressure (112 vs 124 mmHg, 
p = 0.013) when compared to individuals with viral infec-
tions (Table 3). Individuals with bacterial infection also had 
higher white blood cell count (13.3 vs 9.4 × 109/L, p = 0.006) 
(Table 3).

Table 1   Patient demographics

Values presented for age and BMI are medians, with IQR in brackets []. The number of individuals with 
each variable recorded or data available is shown in parenthesis (n)

All
(n = 276)

Outpatient
(n = 30)

Inpatient
(n = 246)

P Value

Age 69.0 [63.0–78.0]
(276)

63.0 [62.0–68.8]
(30)

70.0 [64.0–79.0]
(246)

<0.001

 60–69 years, % 52.5 (145) 83.3 (25) 48.8 (120) 0.002
 70–79 years 26.1 (72) 10.0 (3) 28.0 (69)
 ≥ 80 years 21.4 (59) 6.7 (2) 23.2 (57)

Male, % 50.0 (138) 43.3 (13) 50.8 (125) 0.439
Race, % 0.391
 Caucasian 60.1 (166) 70.0 (21) 58.9 (145)
 African American 37.3 (103) 30.0 (9) 38.2 (94)
 Other/unknown 2.5 (7) 0 (0) 2.9 (7)

Ethnicity, % 0.004
 Non-hispanic, non-latino 90.9 (251) 76.7 (23) 92.7 (228)
 Other/unknown 9.1 (25) 23.3 (7) 7.3 (18)

BMI 26.7 [23.0–33.0] (214) 30.0 [26.0–36.0]
(29)

26.0 [23.0–33.0]
(185)

0.064

Comorbidities, %
 Hypertension (276) 71.4 (197) 66.7 (20) 72.0 (177) 0.546
 Hyperlipidemia (276) 35.1 (97) 50.0 (15) 33.3 (82) 0.071
 Diabetes mellitus (276) 37.0 (102) 26.7 (8) 38.2 (94) 0.216
 Liver disease (271) 1.1 (3) 0 (0) 1.2 (3) 0.539
 Cancer (276) 17.4 (48) 3.3 (1) 19.1 (47) 0.031
 Chronic kidney disease (275) 16.0 (44) 3.3 (1) 17.6 (43) 0.045
 Heart failure (271) 17.7 (48) 0 (0) 19.9 (48) 0.007
 Coronary artery disease (276) 27.9 (77) 26.7 (8) 28.0 (69) 0.873
 Chronic lung disease (275) 49.8 (137) 33.3 (10) 51.8 (127) 0.056
 Cerebrovascular disease (276) 11.2 (31) 6.7 (2) 11.8 (29) 0.402
 ≥ 2 Comorbidities (275) 78.2 (215) 63.3 (19) 80.0 (196) 0.037

Location prior to admission, % 0.023
 Home 72.5 (200) 93.3 (28) 69.9 (172)
 Skilled nursing facility 7.2 (20) 0 (0) 8.1 (20)
 Other/unknown 20.3 (56) 6.7 (2) 22.0 (54)
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The rate of hospital admission was highest among 
individuals with bacterial infection (100%), followed by 
individuals with unknown etiology (91%) and viral infec-
tion (65%) (Table 3). Of all patients requiring hospital 
admission, the median length of hospital stay was 4 days, 
with length of stay differing by infectious etiology, 3 days 
for viral infection, 4 days for indeterminate and 7.5 days 
for bacterial infections (Table 3). 70 of the 246 (28%) 
individuals requiring hospital admission were admitted 
to the ICU during their hospital stay, with individuals 
with bacterial infection having the highest ICU admission 
requirement followed by those with unknown etiology and 
those with viral infection (Table 3). 23 of the 245 (9.4%) 
hospitalized patients with mortality data available died 
within 28 days of presentation compared to none of the 
non-admitted patients (Table 3). The 28-day mortality rate 
was 13.5% among all individuals with bacterial etiology, 

8.2% among all individuals with unproven etiology and 
2.5% among all individuals with viral etiology (Table 3).

Development of a novel scoring predictor 
for all‑cause ARI in the elderly

Multivariable logistic regression analysis was performed 
to identify demographic and clinic variables predictive 
of severe clinical outcome, as defined by ICU admis-
sion or 28-day mortality, among our study cohort. The 
multivariable logistic regression analysis indicated that 
11 of 21 variables were associated with severe clinical 
outcome (Tables 4, 5). Four demographic variables: gen-
der, cancer, chronic lung disease and hyperlipidemia, and 
seven clinical variables: temperature (°C), systolic blood 
pressure (mmHg), heart rate (beats per minute), respira-
tory rate (breaths per minute), blood urea nitrogen (mg/

Table 2   Clinical variables associated with treatment location

Values presented are medians, with IQR in brackets []. The number of individuals with each variable recorded or data available is shown in 
parenthesis (n)
Values for temperature, heart rate and respiratory rate are highest value recorded on day of presentation. Systolic and diastolic blood pressure are 
lowest value recorded on day of presentation

Vital signs and laboratory values at presentation All Outpatient Inpatient p value

Age, years 69.0 [63.0–78.0]
(276)

63.0 [62.0–68.8]
(30)

70.0 [64.0–79.0]
(246)

<0.001

Temperature, oC 37.6 [36.7–38.6] (268) 37.0 [36.3–38.7]
(30)

37.7 [36.7–38.6]
(238)

0.187

Heart rate, beats per minute 102.0 [90.0–118.0]
(276)

93.5 [81.5–113.8]
(30)

103.0 [90.0–119.0]
(246)

0.028

Respiratory rate, breaths per minute 24.0 [20.0–28.0]
(276)

20.0 [18.0–21.5]
(30)

24.0 [20.0–28.0]
(246)

<0.001

Systolic blood pressure, mmHg 119.0 [104.5–140.0]
(275)

135.5 [112.3–149.8]
(30)

119.0 [104.0–135.0]
(245)

0.011

Diastolic blood pressure, mmHg 65.0 [56.0–75.0]
(275)

70.5 [65.5–80.0]
(30)

64.0 [55.0–73.0]
(245)

0.002

White blood cell count, × 109/L 12.3 [8.7–16.2]
(272)

10.0 [6.6–12.7]
(27)

12.8 [8.8–16.9]
(245)

0.017

Neutrophils, % 83.3 [72.8–89.3]
(252)

75.1 [66.6–77.8]
(22)

84.0 [77.2–89.9]
(230)

<0.001

Lymphocytes, % 8.0 [4.3–12.4]
(250)

13.9 [10.7–17.5]
(22)

7.7 [4.2–12.0]
(228)

<0.001

Monocytes, % 5.6 [3.1–8.0]
(252)

7.0 [4.8–11.0]
(22)

5.2 [3.0–8.0]
(230)

0.017

Blood urea nitrogen, mg/dL 19.0 [14.0–27.3]
(272)

15.0 [11.5–17.0]
(27)

20.0 [14.0–28.0]
(245)

<0.001

Serum sodium, mmol/L 138.0 [135.0–140.0]
(272)

138.0 [136.0–140.5]
(27)

137.0 [134.0–140.0]
(245)

0.293

Serum glucose, mg/dL 123.0 [104.5–170.0]
(271)

110.0 [100.0–120.5]
(27)

125.5 [105.0–172.0]
(244)

0.015

Serum hematocrit, % 37.0 [33.0–41.0]
(271)

39.0 [36.8–41.0]
(27)

36.9 [32.7–41.0]
(244)

0.072
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dL), serum sodium (mmol/L), and glucose (mg/dL) were 
included (Tables 4, 5). Risk scores on the predicted prob-
ability scale ranged from 0.046 to 0.981, with a median 
score of 0.229. Individuals in the top ARI score quartile 
had scores above 0.464 and individuals in the bottom ARI 
score quartile had scores less than 0.124. Many individuals 
(32%) with ARI scores below 0.124 were considered well 
enough to be treated as outpatients, while all individu-
als with ARI scores above 0.464 required inpatient care 

(Table 6). Of individuals in the top (worst) quartile, 27 
of 41 (66%) faced severe clinical outcomes, as defined by 
ICU admission or 28-day mortality, and 10 (24.4%) died 
within the 28-day follow-up period. Conversely, of indi-
viduals in the bottom quartile, 3 of 53 individuals (6%) 
faced severe outcome and no individuals died within 28 
days of presentation. The model demonstrated utility for 
identifying patients most likely to face severe outcomes 
of ICU admission or 28-day mortality (auROC 0.758). 

Table 3   Differences in clinical course by infectious etiology

Values presented for presenting characteristics are medians, with IQR in brackets [] and values presented for clinical outcomes are percentages. 
The number of individuals with each variable recorded or data available is shown in parenthesis (n)
Values for temperature, heart rate and respiratory rate are highest value recorded on day of presentation. Systolic and diastolic blood pressure are 
lowest value recorded on day of presentation
ICU intensive care unit, Death 28 day mortality, LOS median length of stay in days of patients requiring inpatient treatment

Presenting characteristics Unknown etiology Bacterial Viral p value

Age, years 69.0 [63.0–78.0]
(184)

70.5 [63.8–79.3]
(52)

67.5 [62.0–75.3]
(40)

0.166

Temperature, °C 37.4 [36.6–38.4]
(181)

37.9 [37.1–39.0]
(47)

37.6 [36.5–38.6]
(40)

0.086

Heart rate, beats per minute 101.0 [90.0–115.0]
(184)

113.5 [97.3–128.3] (52) 97.5 [84.3–119.5]
(40)

0.044

Respiratory rate, breaths per minute 24.0 [20.0–28.0]
(184)

25.5 [22.0–32.3]
(52)

20.5 [20.0–24.0]
(40)

< 0.001

Systolic blood pressure, mmHg 118.0 [106.5–135.5]
(183)

112.0 [96.8–134.5]
(52)

124.0 [112.8–147.0]
(40)

0.013

Diastolic blood pressure, mmHg 65.0 [57.0–73.5]
(183)

60.0 [49.0–77.3]
(52)

69.5 [58.0–76.5]
(40)

0.138

White blood cell count, × 109/L 13.1 [9.3–16.4]
(181)

13.3 [8.3–18.2]
(52)

9.4 [6.0–11.8]
(39)

0.006

Neutrophils, % 83.0 [76.0–89.0]
(165)

86.1 [78.6–91.0]
(52)

78.6 [69.2–86.5]
(35)

0.013

Lymphocytes, % 7.9 [4.0–12.3]
(163)

7.0 [4.2–10.3]
(52)

11.1 [6.7–15.5]
(35)

0.007

Monocytes, % 5.3 [3.0–7.5]
(165)

5.0 [2.9–8.6]
(52)

6.7 [3.5–10.7]
(35)

0.110

Blood urea nitrogen, mg/dL 20.0 [14.0–28.0]
(181)

20.5 [15.0–31.3] (52) 16.0 [13.0–20.0]
(39)

0.025

Serum sodium, mmol/L 138.0 [135.0–140.0]
(181)

136.5 [133.0–140.0]
(52)

136.0 [134.5–139.5]
(39)

0.841

Serum glucose, mg/dL 123.0 [106.0–164.0]
(181)

126.0 [104.0–186.3]
(52)

111.5 [97.5–162.8]
(38)

0.176

Serum hematocrit, % 36.0 [32.0–40.7]
(180)

38.0 [34.0–42.0]
(52)

39.5 [36.8–42.5]
(39)

0.235

Clinical outcomes Unknown etiology, % 
(n = 184)

Bacterial, % (n = 52) Viral, % (n = 40) p value

Outpatient (30) 8.7 (16) 0 (0) 35.0 (14) < 0.001
Inpatient, mild (52) 22.3 (41) 1.9 (1) 25.0 (10) < 0.001
Inpatient, moderate (115) 45.1 (83) 36.5 (19) 32.5 (13) 0.687
Inpatient, severe (79) 23.9 (44) 61.5 (32) 7.5 (3) < 0.001
 Inpatient, ICU (70) 20.1 (37) 57.7 (30) 7.5 (3) < 0.001
 Death (23) 8.2 (15) 13.5 (7) 2.5 (1) 0.064

LOS, days (245) 4.0 [2.0–6.0] 7.5 [4.8–11.3] 3.0 [1.3–6.0] < 0.001
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Correlation between ARI score and outcome severity (out-
patient, mild, moderate, severe) determined by Pearson’s 
correlation coefficient was 0.49.

Comparison of clinical pneumonia severity scores 
in all‑cause ARI

We compared modified PORT and CURB-65 scores to 
scores obtained from our novel model to assess the appli-
cability of published outcome prediction tools for individu-
als with community-acquired pneumonia when applied to 
individuals with nonspecific acute respiratory infection 
[9, 16–18]. Given the retrospective nature of our study, we 
utilized a slightly modified PORT score for each patient 
to account for missing variables not collected at the time 

of patient enrollment. This modified PORT score was cal-
culated for 243 patients and the median PORT score was 
89.0 (Table 7). 61, 70, 86 and 26 individuals met criteria 
for class II (≤ 70), III (71–90), IV (91–130) and vs (> 130), 
respectively (Table 6). 18% of individuals in class III and 
below were treated as outpatients compared to less than 1% 
of those in class IV and above (p < 0.001) (Table 6). There 
was a 1.5% 28-day mortality among individuals in class III 
and below vs a 13.4% rate among individuals in class IV and 
above (p < 0.001) (Table 6). The correlation between modi-
fied PORT score and outcome severity was 0.54 (Table 7).

Next, a modified CURB-65 score was calculated for 271 
patients using BUN, respiratory rate, systolic/diastolic blood 
pressure and age. The median CURB-65 score was 2.0 in 
all-cause ARI, with 111 patients with 0 or 1, 83 patients 
with 2, and 77 patients with ≥ 3 (Tables 6, 7). Of patients 
with a CURB-65 score of 0–1, 21% were well enough to be 
treated as outpatients, while no patients with a score of 3 or 
above were treated as outpatients. There was a 6.3% 28-day 
mortality among individuals with score 0–1 compared to a 
11.7% mortality rate among those with a score of 3 or above 
(p = 0.193) (Table 6). The correlation of modified CURB-65 
score to outcome severity was r = 0.39 (Table 7).

A third score, the Jackson symptom score, originally 
developed to identify individuals with a viral cause of res-
piratory illness, also shows utility for a broad range of res-
piratory infections [27, 31]. To assess its applicability to 
all-comers with respiratory infection, a modified Jackson 
symptom score was calculated for 128 individuals at the time 
of presentation. 37 individuals had viral illness, 12 bacterial 
and 79 unknown infectious etiology. Eight symptoms were 
used in the calculation including nasal discharge, nasal con-
gestion, sneezing, cough, malaise, throat discomfort, fever 
and or chills, and headache. The median symptom score for 
all individuals was 13, with scores ranging from 0 to 31 
(Tables 7, 8). Interestingly, the modified Jackson symptom 
score was found to inversely correlate with outcome severity, 
ICU admission, and death (Table 7). Although limited by 
the size of the study, symptom scores also showed potential 
to differentiate viral and bacterial causes of infection. Over-
all, individuals with viral infection had on average a higher 
symptom scores than individuals with bacterial infections 
(16 vs 10, p = 0.023) (Table 6). Individuals with unknown 
infectious etiology had symptom scores in between those of 
viral and bacterial infections. 23 of 37 (38%) of individuals 
with viral infection did not meet the historic cutoff of 14 
symptom points to be identified as viral infection, while 4 
of 12 (33%) individuals with bacterial infectious would have 
been categorized as viral infection by score alone.

Table 4   Multivariable logistic regression for severe outcome

Variable Coefficient

Intercept − 1.055
Demographic
 Male 0.116
 Hyperlipidemia − 0.264
 Cancer 0.227
 Chronic lung disease 0.204

Clinical
 Temperature 0.024
 Heart rate 0.018
 Respiratory rate 0.484
 Systolic blood pressure − 0.274
 Blood urea nitrogen 0.413
 Serum sodium 0.013
 Serum glucose 0.164

Table 5   Multivariable logistic regression for severe outcome

Variable Severe outcome

OR (95% CI) p value

Demographic
 Male 1.84 (0.97–3.50) 0.062
 Hyperlipidemia 0.40 (0.19–0.84) 0.015
 Cancer 3.04 (1.39–6.67) 0.006
 Chronic lung disease 2.32 (1.20–4.48) 0.012

Clinical
 Temperature 1.46 (0.86–2.46) 0.161
 Heart rate 1.08 (0.70–1.65) 0.736
 Respiratory rate 2.15 (1.47–3.14) < 0.001
 Systolic blood pressure 0.55 (0.34–0.88) 0.013
 Blood urea nitrogen 1.46 (1.16–1.85) 0.002
 Serum sodium 1.19 (0.85–1.68) 0.312
 Serum glucose 1.52 (1.03–2.24) 0.036
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Discussion

We utilized a retrospective analysis of elderly patients enrolled 
in research protocols at major medical centers in the US to 
define the clinical characteristics and outcomes of all-cause 
ARI in this vulnerable population. The results support the con-
cept that analyses of clinical variables at presentation can sup-
plement decision making for older adults with not just proven 
pneumonia, but also undifferentiated ARI at the point of care. 
Additionally, we have developed a novel scoring metric for 
elderly individuals presenting with all-cause ARI and com-
pared this to existing, previously validated outcome severity 
scores for community-acquired pneumonia and demonstrate 
that these scores have utility regardless of pathogen class and 
presence or absence of community-acquired pneumonia.

A patient’s resilience to infection is associated with age and 
number of comorbidities, key factors which help providers 
decide on appropriate treatment location and resource alloca-
tion prior to the return of laboratory and diagnostic tests. Sim-
ilar to advanced age, a history of neurologic disease, cancer, 
renal disease and congestive heart failure have been reported 
to be strong comorbidity predictors for patients presenting 
with community-acquired pneumonia, consistent with our 
findings demonstrating an increased prevalence of cancer and 
heart failure in patients requiring inpatient care for ARI [11]. 

Common clinical variables including tachycardia, tachypnea, 
and hypotension also often aid in directing triage decisions. 
In our study, multivariable analysis of 21 demographic and 
clinical variables identified 11 that were predictive of severe 
outcome among our cohort of individuals with all-cause ARI. 
Interestingly, application of a modified PORT score (missing 
4 PORT criteria) to our cohort demonstrates that the predic-
tive ability of a modified PORT score remains strong even 
when applied to individuals with a much broader definition 
of respiratory infection, and may even offer improved over-
all accuracy compared to our novel model. Modified PORT 
scores are significantly elevated among individuals requiring 
hospital admission for ARI, and show a trend towards predict-
ing more severe outcomes. In our cohort, modified PORT 
scores performed similarly to the best de-novo ARI model 
arising from these data, and both correlated more closely with 
outcome severity than CURB-65 (r = 0.54, r = 0.49, r = 0.39). 
Thus, even with a broader definition of undifferentiated res-
piratory infection more similar to what a clinician at the point 
of care may see, such clinical scores have utility in stratifying 
patients based on likely outcome.

While less studied, modified Jackson symptom scores 
provided interesting insight into etiology identification, 
even in an elderly population. Average modified Jackson 
symptom scores were significantly lower for individuals 

Table 6   Modified PORT and CURB-65 and novel ARI score

Values presented for age and LOS are medians. The number of individuals with variable recorded or data available is shown in parenthesis (n)
LOS median length of stay in days of patients requiring inpatient treatment, ICU intensive care unit, Death 28-day mortality

Modified PORT Score ≤ 70 (n = 61) 71–90 (n = 70) 91–130 (n = 86) > 130 (n = 26)

Age, years 64.0 70.5 72.5 79.0
Outpatient, % (25) 31.1 (19) 7.1 (5) 1.2 (1) –
Inpatient, % (218) 68.9 (42) 92.9 (65) 98.8 (85) 100.0 (26)
 ICU ± death, % (63) 4.9 (3) 20.0 (14) 31.4 (27) 73.1 (19)
 Death, % (17) 1.6 (1) 1.4 (1) 9.3 (8) 26.9 (7)
 LOS, days 2.0 (42) 4.0 (65) 4.0 (84) 5.5 (26)

Modified CURB-65 Score 0–1 (n = 111) 2 (n = 83) ≥ 3 (n = 77)

Age, years 63.0 72.0 75.0
Outpatient, % (27) 20.7 (23) 4.8 (4) –
Inpatient, % (244) 79.3 (88) 95.2 (79) 100.0 (77)
 ICU ± death, % (78) 18.0 (20) 27.7 (23) 45.5 (35)
 Death, % (23) 6.3 (7) 8.4 (7) 11.7 (9)
 LOS, days 3.0 (88) 4.0 (79) 5.0 (76)

Novel ARI Score < 0.124 (n = 53) 0.124–0.209 (n = 65) 0.210–0.464 (n = 117) > 0.464 (n = 41)

Age, years 68.0 69.0 68.0 76.0
Outpatient, % (30) 32.1 (17) 15.4 (10) 2.6 (3) 0 (0)
Inpatient, % (246) 67.9 (36) 84.6 (55) 97.4 (114) 100.0 (41)
 ICU ± death, % (79) 5.7 (3) 18.5 (12) 31.6 (37) 65.9 (27)
 Death, % (23) 0 (0) 7.7 (5) 6.9 (8) 24.4 (10)
 LOS, days 3.0 (36) 4.0 (65) 4.0 (113) 7.0 (41)
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with bacterial infection as compared to individuals with viral 
infection, and showed discriminative ability between the two 
in older individuals. Originally derived to differentiate viral 

etiologies of upper respiratory infections from other causes 
of cold symptoms [27], our analysis suggests that modi-
fied Jackson symptom scores can also provide meaningful 

Table 7   Score metrics

Modified PORT Score Modified CURB-65 
Score

Modified Jackson 
Symptom Score

All 89.0 [70.5-112.0]
(243)A

2.0 [1.0-3.0]
(271)B

13.0 [9.0-17.0]
(128)C

Outpa�ent 62.0 [53.0-70.0]
(25)

1.0 [0-1.0]
(27)

20.0 [12.5-26.0]
(27)

Inpa�ent 91.0 [75.3-114.0]
(218)

2.0 [1.0-3.0]
(244)

12.0 [8.0-16.0]
(101)

o Mild* 71.5 [62.0-91.8]
(50)

1.0 [1.0-2.0]
(51)

13.5 [8.0-16.0]
(32)

o Moderate^ 90.0 [78.0-108.0]
(105)

2.0 [1.0-3.0]
(115)

12.5 [8.8-15.3]
(48)

o Severe# 115.0 [90.0-133.0]
(63)

2.0 [1.3-3.0]
(78)

10.0 [7.0-15.0]
(21)

Bacterial (all) 100.5 [85.0-128.5]
(42)

2.0 [1.0-3.0]
(52)

10.0 [7.8-15.3]
(12)

Outpa�ent - - -
Inpa�ent 100.5 [85.0-128.5]

(42)
2.0 [1.0-3.0]

(52)
10.0 [7.8-15.3]
(12)

o Mild 65.0 [65.0-65.0] 
(1)

2.0 [2.0-2.0]
(1)

16.0 [16.0-16.0]
(1)

o Moderate 86.0 [75.0-100.0]
(17)

2.0 [1.0-2.0]
(19)

8.0 [6.0-11.5]
(3)

o Severe 119.5 [93.0-131.8]
(24)

2.5 [2.0-3.0]
(32)

10.0 [8.5-14.3]
(8)

Viral (all) 75.0 [61.8-90.8]
(36)

1.0 [1.0-2.0]
(39)

16.0 [10.0-22.0]
(37)

Outpa�ent 66.0 [55.8-71.3]
(12)

1.0 [0-1.0]
(13)

22.0 [16.3-27.5]
(14)

Inpa�ent 83.0 [62.8-101.0]
(24)

1.0 [1.0-2.0]
(26)

13.0 [9.0-17.5]
(23)

o Mild 66.0 [54.3-96.8]
(10)

1.0 [0-1.8]
(10)

13.0 [9.0-17.0]
(9)

o Moderate 84.5 [79.8-105.8] 
(12)

1.0 [1.0-2.0]
(13)

11.0 [9.0-16.5]
(11)

o Severe 89.0 [83.5-94.5]
(2)

2.0 [1.5-3.0]
(3)

17.0 [15.0-17.5]
(3)

Unknown E�ology (all) 90.0 [71.0-110.0]
(165)

2.0 [1.0-3.0]
(180)

12.0 [8.0-16.0]
(79)

Outpa�ent 59.0 [53.0-63.0]
(13)

0.5 [0-1.0]
(14)

16.0 [9.0-20.0]
(13)

Inpa�ent 91.5 [72.0-113.0]
(152)

2.0 [1.0-3.0]
(166)

12.0 [8.0-15.0]
(66)

o Mild 81.0 [63.0-91.5]
(39)

1.5 [1.0-2.0]
(40)

13.5 [8.0-15.8]
(22)

o Moderate 93.0 [78.8-109.0]
(76)

2.0 [1.0-3.0]
(83)

13.0 [8.3-15.8]
(34)

o Severe 115.0 [90.0-136.0]
(37)

2.0 [1.0-3.0]
(43)

9.5 [7.0-12.0]
(10)

Values presented are medians, with IQR in brackets []. The number of individuals with each scoring metric calculated is shown in parenthesis 
(n)  
Pearson coefficient comparing score and outcome: a0.54, b0.39, c− 0.34
Select, clinically relevant variables with significant differences across groups are presented with large brackets, p < 0.05
Mild inpatient length of stay 1–2 days, Moderate inpatient length of stay 3 or more days, Severe inpatient stay requiring intensive care unit 
admission or 28 day mortality
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clinical prediction in individuals with bacterial illness as 
elevated modified Jackson scores were inversely associated 
with outcome severity regardless of proven etiology.

Herein we have focused on demographic and clinical vari-
ables commonly available at the time of clinical presentation 
with ARI. However, there is suggestion in the literature that 
such clinical scoring metrics may be enhanced further when 
combined with measurement of various immune response-
related biomarkers. As an example, the CRP to neopterin 
ratio offers some ability to differentiate bacterial and viral 
etiologies of infection among individuals presenting to the 
emergency department with undifferentiated ARIs [32]. 
Similarly, procalcitonin has shown utility for identification 
of bacterial etiologies of both respiratory and non-respira-
tory infections [33, 34] and has subsequently been used to 
guide antibiotic management [35]. Additionally, genomic 
biomarkers have been utilized in conjunction with clinical 
scores to create combined models of severity prediction in 
pneumonia and sepsis [36–38]. Thus, moving forward, com-
bined clinical-molecular approaches may offer even better 
predictive performance than either alone.

This study does have several notable limitations. First, 
this is a retrospective analysis of a completed clinical trial, 
and this limited data collection to that which was previously 
recorded or entered into the study database or electronic 
medical record. Variables not collected at the time of enroll-
ment limited the ability to calculate complete PORT and 
CURB-65 scores for the study population, therefore, we are 
unable to fully assess the clinical utility of the published 
scores. Additionally, all individuals with bacterial infection 
in this study were admitted to the hospital, limiting our abil-
ity to predict or identify clinical variables associated with 
milder bacterial infection that might have been treated in the 
outpatient setting. Lastly, performance of PORT, CURB-65 
or the novel ARI score presented herein will require vigor-
ous validation in additional ARI cohorts to confirm these 

findings, and this will continue to be a target for future 
research.

Although it is often difficult to make definitive clinical 
decisions at the time of patient presentation with respira-
tory illness symptoms due to the overlapping clinical picture 
of various pathogens and other noninfectious illnesses, our 
study highlights the predictive potential of clinical scores 
based on commonly available metrics. It is well known that 
patients receiving timely treatment for infection have lower 
mortality than those with delayed or no treatment, but cur-
rent diagnostic tests are often limited by delayed time to 
results and a priori knowledge of likely pathogens [12, 39, 
40]. Modification of existing scoring systems and develop-
ment of new more broadly applicable metrics to predict 
etiologies (pathogen class) and clinical outcomes, if used 
in conjunction with current diagnostic practices, can pro-
mote more timely and appropriate allocation of resources 
for patient care. Ideal early predictive tools would be appli-
cable to individuals based on clinical syndromes regardless 
of pathogen class (which is usually not known at the time 
of presentation) and would be built upon commonly and 
easily collected demographic and clinical variables. As dem-
onstrated in this study, several clinical scores show utility 
in predicting outcome severity among elderly individuals 
with a wide variety known and unknown infectious etiolo-
gies. These findings support further work in both all-cause 
ARI as well as with noninfectious clinical mimics to better 
define how such metrics might identify patients most at risk 
of severe outcome as well as those likely to benefit from 
empiric antimicrobial therapies.
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Table 8   Modified Jackson symptom score quartiles

Values presented for symptom score and LOS are median. The number of individuals with variable recorded or data available is shown in paren-
thesis (n)
Q quartile, Mild inpatient length of stay 1–2 days, Moderate inpatient length of stay 3 or more days, Severe inpatient stay requiring intensive care 
unit admission or 28 day mortality, LOS median length of stay in days of patients requiring inpatient treatment

Median 
Symptom 
Score

Outpatient, % Inpatient, % LOS, days Infectious etiology, %

All Mild Moderate Severe Unknown Bacterial Viral

Q1: 0–8
(31)

6.0 9.7 (3) 90.3 (28) 32.3 (10) 38.7 (12) 19.3 (6) 3.5 (28) 77.4 (24) 12.9 (4) 9.7 (3)

Q2: 9–13
(37)

11.0 13.5 (5) 86.5 (32) 16.2 (6) 46.0 (17) 24.3 (9) 3.5 (32) 59.5 (22) 10.8 (4) 29.7 (11)

Q3: 14–17
(29)

15.0 17.2 (5) 82.8 (24) 34.5 (10) 37.9 (11) 10.3 (3) 3.0 (24) 65.5 (19) 6.9 (2) 27.6 (8)

Q4: 18–31
(31)

21.0 45.2 (14) 54.8 (17) 19.3 (6) 25.8 (8) 9.7 (3) 4.0 (17) 45.2 (14) 6.4 (2) 48.4 (15)
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