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FluA-p score: a novel prediction rule for
mortality in influenza A-related pneumonia
patients
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Abstract

Background: The pneumonia severity index (PSI) and the CURB-65 (confusion, urea, respiratory rate, blood pressure,
age 2 65 years) score have been shown to predict mortality in community-acquired pneumonia. Their ability to
predict influenza-related pneumonia, however, is less well-established.

Methods: A total of 693 laboratory-confirmed FluA-p patients diagnosed between Jan 2013 and Dec 2018 and
recruited from five teaching hospitals in China were included in the study. The sample included 494 patients in the
derivation cohort and 199 patients in the validation cohort. The prediction rule was established based on
independent risk factors for 30-day mortality in FluA-p patients from the derivation cohort.

Results: The 30-day mortality of FluA-p patients was 19.6% (136/693). The FluA-p score was based on a multivariate
logistic regression model designed to predict mortality. Results indicated the following significant predictors
(regression statistics and point contributions toward total score in parentheses): blood urea nitrogen > 7 mmol/L
(OR 1.604, 95% CI 1.150-4.492, p = 0.040; 1 points), pO,/F0, < 250 mmHg (OR 2.649, 95% CI 1.103-5.142, p = 0.022; 2
points), cardiovascular disease (OR 3.967, 95% C/ 1.269-7.322, p < 0.007; 3 points), arterial PH < 7.35 (OR 3.959, 95% C/
1.393-7.332, p < 0.001; 3 points), smoking history (OR 5.176, 95% Cl 2.604-11.838, p=0.001; 4 points), lymphocytes
<08x 10%/L (OR 8391, 95% Cl 3.271-16.212, p <0.001; 5 points), and early neurominidase inhibitor therapy (OR
0.567, 95% (I 0.202-0.833, p = 0.005; — 2 points). Seven points was used as the cut-off value for mortality risk
stratification. The model showed a sensitivity of 0.941, a specificity of 0.762, and overall better predictive
performance than the PSI risk class (AUROC =0.908 vs 0.560, p < 0.001) and the CURB-65 score (AUROC =0.908 vs
0.777, p <0.001).

Conclusions: Our results showed that a FluA-p score was easy to derive and that it served as a reliable prediction
rule for 30-day mortality in FluA-p patients. The score could also effectively stratify FluA-p patients into relevant risk
categories and thereby help treatment providers to make more rational clinical decisions.
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Background

Influenza is a common contagious respiratory disease
and influenza-related epidemics and pandemics have oc-
curred all over the world [1, 2]. Despite advances in
medical technology and greater economic development
in many countries, influenza still causes numerous hos-
pitalizations and is associated with considerable mortal-
ity [3-5]. Each year, 10-20% of the global population
experiences symptomatic influenza, including 3-5 mil-
lion cases of severe illness and 290-650 thousand deaths
[6]. For these reasons, influenza is regarded as the great-
est threat to global health in the twenty-first century [7].

Patients infected with influenza may exhibit a broad
spectrum of clinical symptoms, ranging from self-limited
upper respiratory tract illness to severe pneumonia [8, 9].
Influenza-related pneumonia (Flu-p), including primary
viral pneumonia and secondary bacterial pneumonia, is
the major cause of influenza-associated hospitalizations
and deaths [10]. Primary influenza pneumonia and post-
influenza secondary bacterial pneumonia are distinct path-
ologies but difficult to distinguish clinically. The patho-
genesis of primary influenza pneumonia shows diffuse
alveolar damage associated with haemorrhage and necro-
tising bronchiolitis, and the secondary bacterial pneumo-
nia presents with neutrophil influx, loss of alveolar
architecture and consolidation [10]. When the diagnosis
of pneumonia is confirmed, the first priority is to assess the
degree of disease severity. Several prediction rules have
been established to help clinicians predict the mortality rate
of patients with pneumonia. Scores on the CURB-65 (con-
fusion, urea, respiratory rate, blood pressure, age > 65 years)
and the pneumonia severity index (PSI) are the most widely
used indices to predict 30-day mortality rates for patients
diagnosed with community-acquired pneumonia [11, 12].
However, the validity of these two measures for use with
Flu-p patients is questionable [13, 14]. Some variables that
might be more useful in predicting severe influenza include
PO,/FiO, and lymphocyte counts [15, 16]. But to our
knowledge, standard decision rules using these (and per-
haps other) variables to predict the extent of Flu-p severity
have yet to be developed.

In an effort to remedy this situation we conducted a
multicenter, retrospective study with the principal aim
being to develop an easy-to-use and accurate severity as-
sessment tool to predict the 30-day mortality rate of pa-
tients with influenza A-related pneumonia (FluA-p). Our
assessment tool is designed to have greater predictive
power than either CURB-65 or PSI scores.

Methods

Study design and patient recruitment

Hospitalised patients who tested positive for influenza A
virus RNA at the Microbiology Labs of five tertiary hos-
pitals in China from 1st Jan 2013 to 31st Dec 2018 were
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screened for inclusion (the information for the partici-
pating centers is contained in Supplementary material
1). Patients with laboratory-confirmed Flu-p were in-
cluded. Exclusion criteria for the patients were as follows
[17]: (i) Younger than 14 years old; (ii) pneumonia whose
onset was not in the community (i.e., pneumonia onset
>48 h after admission and hospitalised within the last 28
days); and (iii) immunocompromised status.

Disease and treatment definitions

Patients with influenza-related pneumonia experienced
disease onset during the influenza season and manifested
with respiratory symptoms along with newly developed
pulmonary infiltrates on chest radiographs. In addition,
patients with influenza-related pneumonia tested posi-
tive for influenza virus RNA by reverse-transcription
polymerase chain reaction (RT-PCR). The biological
samples subjected to RT-PCR were respiratory speci-
mens (i.e., nasal/nasopharyngeal swabs, sputum, bron-
chial aspirates or branchoalveolar lavage fluid).
Community-acquired respiratory co-infections resulting
from coinfected pathogens were identified using stand-
ard microbiologic procedures within the first 48 h after
admission [18]. Early neuraminidase inhibitor (NAI)
treatment was defined as any NAI (oseltamivir, zanami-
vir or peramivir) administered within 48 h after illness
onset [19]. Systemic corticosteroid use was defined as at
least one dose of any systemic corticosteroid adminis-
tered during hospitalisation.

Data collection

Data were retrospectively collected and included demo-
graphic information, chronic medical conditions (Sup-
plementary material 2), baseline clinical characteristics
(clinical symptoms, vital signs, laboratory and radio-
logical findings), illness severity of pneumonia on admis-
sion (CURB-65 and PSI scores), community-acquired
respiratory coinfections (Supplementary material 3),
clinical management (administration of NAI, systemic
corticosteroid use, invasive and non-invasive mechanical
ventilation, admittance to the intensive care unit (ICU)),
and 30-day mortality rate.

Statistical analysis
All of 693 FluA-p patients were divided into a derivation
cohort (494 patients from 2013 to 2016) and a validation
cohort (199 patients from 2017 to 2018). The derivation
cohort was used to establish the statistical model, and
the validation cohort was used to validate the model.
According to the survival status at 30days post-
admission, the 693 patients were divided into surviving
and deceased groups. Baseline characteristics of these
two groups were compared. Variables with p-values <
0.1 in the univariate analyses were entered into a
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backward stepwise logistic regression model to explore
risk factors for 30-day mortality. For pragmatic reasons,
the score for each predictor was assigned an integer
value relative to the regression coefficient (B). A cut-off
point was designated following Youden’s index from the
receiver operating characteristic (ROC) curve. A Kaplan-
Meier analysis was performed to compare the difference
in 30-day mortality rates between the low-risk and high-
risk groups according to the designated cut-off value.
Performance of the cut-off score was assessed by meas-
uring the area under the ROC curve (AUROC) and by
calculating measures of sensitivity and specificity.

The data were analysed for normality using a Kolmo-
gorov—Smirnov test. In presenting our results, variables
with a normal distribution are shown as the mean +
standard deviation. Those variables with a non-normal
distribution are expressed as medians. Categorical vari-
ables were analysed using either the Chi-square test or
Fisher’s exact test. Continuous variables were analysed
using either Student’s ¢ test or the Mann—Whitney U
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test. For all analyses, a two-tailed P-value <0.05 was
considered statistically significant. All statistical analyses
were performed using either SPSS version 22.0 or Med-
Calc version 19.0.

Results

Screening process

We screened 2187 hospitalised patients who tested posi-
tive for influenza A RNA. Overall, 693 immunocompe-
tent adult and adolescent patients hospitalised with
FluA-p were included in the final analysis (Fig. 1).
Among these patients, 38.1% (264/693) were infected
with A(HIN1)pdmO09 and 11.0% (76/693) were infected
with A(H3N2). In addition, 50.9% (353/693) of patients
were infected with an unclassified influenza subtype. Be-
cause not all of the five hospitals in our study carried
out influenza subtype tests, to identify the subtypes of
influenza A using RT-PCR, subtype-specific primers
were developed.

Positive influenza A RNA in hospitalised patients

(n=2187)

Patients with no pneumonia (n = 1324)

Patients hospitalised with FluA-p
(n=863)

Not onset in community (n = 32)

Patients hospitalised with FluA-p onset in community

(n=831)

Immunocompetent patients hospitalised with community-onset FluA-p

(n=795)

Patients with immunocompromised factors (n = 36)

Immunocompetent patients hospitalised with community-onset FluA-p

(n=693)

T~

Validation Cohort
(n=199)

Derivation Cohort
(n =494)

Fig. 1 Patient screening algorithm for FluA-p

Patients with age < 14 years (n = 102)
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Overview of FIuA-p patients

Overall, 39.2% (272/693) of patients were above 65 years
old and 66.5% (461/693) of patients were male. 35.1%
(243/693) of patients had a history of smoking. Cardio-
vascular disease (19.6%), diabetes mellitus (13.3%) and
cerebrovascular disease (10.4%) were the most common
chronic medical conditions. Respiratory rates >30 beats/
min and mental confusion could be seen in 17.5% (121/
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693) and 4.6% (32/693) of patients, respectively. Only
1.2% (8/693) of patients had SBP <90 mmHg. 26.9%
(172/639) of patients had pO,/FiO, <250 mmHg
(Table 1).

Almost 40 % (38.2%, 265/693) of patients were coin-
fected with other community-acquired pathogens.
Streptococcus pneumoniae (33.2%) was the most com-
mon coinfection, followed by Klebsiella pneumoniae

Table 1 Comparison of clinical features between deceased and survival patients

Variable Total Deceased group Survival group p-value
(n =693) (n=136) (n =557)
Male (n, %) 461 (66.5) 92 (67.6) 369 (66.2) 0.757
Age 2 65 years (n, %) 272 (39.2) 60 (44.1) 212 (38.1) 0.195
Obesity (n, %)° 48 (6.9) 0(0.0) 48 (86) <0.001
Pregnancy (n, %) 8(1.2) 0 (0.0) 8 (14) 0338
Smoking history (n, %)? 243 (35.1) 68 (50.0) 175 (314) <0.001
Comorbidities (n, %)
Cardiovascular disease® 136 (19.6) 48 (35.3) 88 (15.8) <0.001
Diabetes mellitus 92 (13.3) 14 (10.3) 78 (14.0) 0.253
Cerebrovascular disease 72 (104) 10 (7.4) 62 (11.1) 0.195
CcoPD® 40 (5.8) 322 37 (6.6) 0.047
Asthma 19 (2.7) 2 (1.5 17 (3.1) 0.222
Chronic kidney disease 16 (2.3) 6 (44) 10 (1.8) 0.139
Malignant solid tumor 16 (2.3) 0 (0.0) 16 (2.9) 0.193
Clinical and radiologic characteristics (n, %)
Respiratory rates 230 times/min 121 (17.5) 25 (184) 9 (17.2) 0.752
Mental confusion? 32 (46) 32 (23.5) 0 (0.0) <0.001
SBP <90 mmHg 8(1.2) 0 (0.0) 8(14) 0.338
Leukocytes > 10x 10%/1° 118 (17.0) 42 (309) 76 (13.6) <0.001
Lymphocytes < 0.8 x 10°/L° 299/677 (44.2) 120 (88.2) 179/541 (33.1) <0.001
Hb <100 g/L? 69 (10.0) 34 (25.0) 35(6.3) <0.001
ALB <35g/L° 58/639 (9.1) 12/131 (9.2) 46/508 (9.1) 0970
BUN >7 mmol/L° 183/685 (26.7) 97 (71.3) 86/549 (15.7) <0.001
BG > 14 mmol/L 8(1.2) 0 (0.0) 8(14) 0.288
Arterial PH < 7.35° 120/639 (18.8) 60 (44.1) 60/503 (11.9) <0.001
pO,/F0, <250 mmHg? 172/639 (26.9) 28 (20.6) 144/503 (28.6) 0.061
Multilobar infiltrates® 546 (78.8) 120 (88.2) 426 (76.5) 0.003
Pleural effusion® 120 (17.3) 36 (26.5) 84 (15.1) <0.001
Coinfections (n, %)? 265 (38.2) 84 (61.8) 181 (32.5) < 0.001
Early NAI use (n, %)° 232 (33.5) 60 (434) 172 (30.9) 0.003
Systemic corticosteroid use (n, %) 132 (19.0) 60 (44.1) 72 (12.9) <0.001
Noninvasive ventilation (n,%) 159 (22.9) 71 (52.2) 88 (15.8) <0.001
Invasive ventilation (n,%) 158 (22.8) 86 (63.2) 72 (12.9) <0.001
Admittance to ICU (n,%) 176 (254) 92 (67.6) 84 (15.1) <0.001

The bolded values are p-values < 0.05, which represented significant differences between survival group and deceased group

COPD chronic obstructive pulmonary disease, SBP systolic blood pressure, Hb hemoglobin, ALB albumin, BUN blood urea nitrogen, BG blood glucose, pO,/FiO,
arterial pressure of oxygen/fraction of inspiration oxygen, NAI neuraminidase inhibitor

“variables cited in the table above were the candidates which were entered into the multivariate logistic regression model
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(30.6%) and Staphylococcus aureus (20.4%) (Supplemen-
tary material 4).

All patients received antibiotic treatment within 48 h
after admission (Supplementary material 5), and NAI
therapy during the course of the disease. Early NAI ther-
apy and systemic corticosteroid use were administered
in 33.5% (232/693) and 19.0% (132/693) of patients, re-
spectively. 22.8% (158/693) of patients received invasive
ventilation, 25.4% (176/693) of patients were admitted to
the ICU, and the 30-day mortality rate was 19.6% (136/
693) (Table 1).

There were no significant differences in the demo-
graphic characteristics, clinical features, approach to
clinical management, and treatment outcomes be-
tween patients in the derivation and validation co-
horts (Supplementary material 6).

Predicted and actual mortality in FIuA-p patients

stratified by CURB-65 score and PSlI risk class
Supplemental material 7 shows the actual and predicted
mortality rates stratified by PSI risk class and CURB-65
scores. For the 136 deceased patients, the proportions of
patients with PSI risk I~V were 38.2% (52/136), 8.8%
(12/136), 5.9% (8/136), 47.1% (64/136) and 0% (0/136),
respectively; the proportions of patients with CURB-65
scores 0—5 were 0% (0/136), 66.9% (91/136), 12.5% (17/
136), 0% (0/136) and 0% (0/136), respectively.

Risk factors for 30-day mortality

Following the procedures described in the Statistical
Analysis section, the following variables were entered
into a backward stepwise logistic regression analysis:
obesity, smoking history, cardiovascular disease, chronic
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pulmonary disease (COPD), altered mental status, leuko-
cytes > 10 x 10°/L, lymphocytes < 0.8 x 10°/L, hemoglobin
(Hb) < 100 g/L, albumin (ALB) <35 g/L, blood urea nitro-
gen (BUN) > 7 mmol/L, arterial PH < 7.35, pO,/FiO, < 250
mmHg, multilobar infiltrates, pleural effusion, early NAI
therapy, systemic corticosteroid use, and coinfections.

A multivariate logistic regression model indicated that
the following variables were significantly associated with
30-day mortality (see Fig. 2): BUN >7mmol/L (OR
1.604, 95% CI 1.150-4.492, p =0.040), pO,/F,0, <250
mmHg (OR 2.649, 95% CI 1.103-5.142, p = 0.022), car-
diovascular disease (OR 3.967, 95% CI 1.269-7.322, p <
0.001), arterial PH<7.35 (OR 3.959, 95% CI 1.393—
7.332, p<0.001), smoking history (OR 5.176, 95% CI
2.604-11.838, p < 0.001), lymphocytes < 0.8 x 10°/L (OR
8.391, 95% CI 3.271-16.212, p<0.001) and early NAI
therapy (OR 0.567, 95% CI 0.202—0.833, p = 0.001).

Comparison of severity scores for mortality prediction

In order to develop a simple and useful clinical predict-
ing tool, relative weights were assigned according to the
regression coefficient () of each categorical variable.
Supplementary material 8 shows that the AUROC of the
derivation cohort was 0.934 (95% CI 0.906-0.957),
which was higher than the CURB-65 score (AUC =
0.813, 95% CI 0.772-0.850, p < 0.001) and the PSI risk
class (AUC =0.577, 95% CI 0.527-0.625, p < 0.001) (Sup-
plemental Figure 1). Supplementary material 9 shows
that the AUROC of the validation cohort was 0.846
(95% CI 0.781-0.897), which was higher than the
CURB-65 score (AUC =0.681, 95% CI 0.604-0.752, p <
0.001) and the PSI risk class (AUC=0.525, 95% CI
0.445-0.604, p <0.001) (Supplemental Figure 2). For the

-

OR (95% Cl) P value 8 Score

Early NAI therapy ———&—- 0.567 (0.202-0.833) 0.001 -1.136 -2
BUN > 7 mmol/L o —— 1.604 (1.150-4.492) 0.040 0.472 1
pO,/Fi0, <250 mmHg - —— 2.649 (1.103-5.142) 0.022 0.974 2
Arterial pH < 7.35 q4 — 3.959 (1.393-7.332) <0.001 1.376 3
Cardiovascular disease o —— 3.967 (1.269-7.322) <0.001 1.378 3
Smoking history 1 S 5.176 (2.604-11.838) <0.001 1.644 4

T T T

0.01 0.1 1 10
Fig. 2 Multivariate analysis associated with mortality of FIuA-p patients
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Table 2 AUC for mortality predictions in FluA-p patients

Variable AUC  SE 95% Cl Z statistic  p value
FluA-p score 0908 0016 0881-0931 - Reference
PSl risk class 0560 0035 0518-0602 10875 <0.001
CURB-65 score 0777 0020 0.740-0811  6.041 <0.001

AUC area under the curve, SE standard error, Cl confidence interval

full sample of 693 patients, the AUROC was 0.908 (95%
CI 0.881-0.931), which was higher than the CURB-65
score (AUC =0.777, 95% CI 0.740-0.811, p <0.001) and
the PSI risk class (AUC =0.560, 95% CI 0.518-0.602,
p<0.001) (Table 2 and Fig. 3). Table 3 shows the sensi-
tivity, specificity and actual mortality associated with the
FluA-p score (in the full sample of 693 patients). In ac-
cordance with the cut-score approach described earlier,
patients were divided into high-risk and low-risk groups
based on a cut-off value of 7. The Kaplan-Meier survival
curves showed that 30-day mortality was significantly
higher in patients with high-risk than for patients at
low-risk (52.9% vs 2.1%, log rank test, p < 0.001) (Fig. 4).

Discussion
Our study not only assessed several risk factors, but also
developed a simple and reliable prediction tool for pre-
dicting mortality in patients with FluA-p. Our method
showed greater predictive validity than did the common
pneumonia severity scores of PSI and CURB-65.

PSI and CURB-65 scores are recommended by the In-
fectious Diseases Society of America/American Thoracic
Society (IDSA/ATS) and the British Thoracic Society

100 |- -
i / F4 Vi
K A
= L 4
/ ; e
B / A 4
80 ! A
! s F §
B ¥ 7
| / ’
/ ¥
- ll .I
7 el
= 60 ',’ .... Al '
Z i I i
E =
© 40 ! ’
1 ¥
| ' lI
B i /’
L[ ¥
2044 -=- CURB-65 score
i =+= PSInsk class
-y i —— FluA-p score
L] i
A
Ul (it i M s Rl i
0 20 40 60 80 100

100-Specificity

Fig. 3 ROCs for mortality prediction of three severity scores in
FluA-p patients

Page 6 of 9

(BTS) for the assessment of disease severity of CAP [20,
21]. Numerous studies have found that PSI and CURB-
65 scores accurately predict the 30-day mortality rates of
CAP and are applicable for use in many clinical settings
[22-24]. Recently, however, some studies suggested that
they were insufficient for predicting mortality in settings
involving influenza pneumonia [13—16]. Our results like-
wise suggested that PSI and CURB-65 scores underesti-
mated the mortality of FluA-p patients. More than half
of the deceased patients were classified as low death risk
(CURB-65 score 0-2 and PSI risk class I~III). Both
CURB-65 and PSI were heavily weighted by age and co-
morbidities. But many Flu-p patients were young and
previously healthy individuals. In our study cohort, 60%
of patients were younger than 65 years of age. During
the HIN1 influenza A pandemic in 2009, a large propor-
tion of severe cases were young patients who experi-
enced acute respiratory failure [25, 26]. Another issue to
consider is that the current severity tool that relies on
PSI and CURB-65 scores was possibly derived from pa-
tients diagnosed primarily with bacterial and atypical
bacterial pneumonia rather than influenza pneumonia
[20, 27]. In fact, Guo et al. reported that CURB-65
scores were not powerful predictors of mortality in the
context of viral pneumonia [28].

Several studies have reported lymphocytopenia in se-
vere influenza [27, 29, 30]. Shi et al. suggested that lym-
phocytopenia was an early and reliable predictor of
mortality in patients diagnosed with influenza
A(HIN1)pdmO09 pneumonia [27]. Although the mecha-
nisms of lymphocytopenia in severe influenza are not
well elucidated, it is believed that the reduction of T
lymphocytes (including CD8 + T effector and central
memory cells, CD4 + T, and/or NK cells), rather than B
lymphocytes, in the peripheral blood might be the causes
of lymphocytopenia [31, 32]. Lymphocytopenia also
plays a role in suppressive cellular immunity and the de-
layed clearance of viruses [33].

Smoking history was another pedictor of FluA-p mor-
tality in our study, which is a finding commensurate
with some previous reports [34-36]. Wong and col-
leagues, for example, found that influenza-related mor-
tality for all-causes and for cardiovascular and
respiratory diseases was greater in current and ex-
smokers than in never smokers [34]. A case-control
study by Hennessy et al. found that smoking (OR 3.03,
95% CI 1.01-9.23) was a significant risk factor for death
in patients with A(HIN1) pdm09 [35]. Although the pre-
cise nature of the association between smoking and
influenza-related mortality has yet to be determined,
some potential mechanisms suggest the possibility of
biological associations. Smoking could disrupt the nor-
mal defenses of the respiratory tract by causing peri-
bronchiolar  inflammation,  slowing  mucociliary
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Table 3 FluA-p score and actual mortality

Score Actual 30-day Sensitivity 95% Cl Specificity 95% Cl +LR -LR
Mortality (n, %)

2~1 0/120 (0.0) 100.00 97.3-100.0 0.00 0.0-08 1.00

2 8/16 (50.0) 100.00 97.3-100.0 25.05 21.2-29.2 133 0.00

3~6 0/237 (0.0) 94.12 88.7-974 26.72 22.8-309 1.28 0.22

7 20/82 (24.4) 94.12 88.7-974 76.20 72.1-799 395 0.077

8 8/32 (25.0) 7941 71.6-85.9 89.14 86.0-91.8 7.32 0.23

9 40/56 (714) 73.53 65.3-80.7 94.15 91.7-96.1 12.58 0.28

10 8/8 (100.0) 4412 356-529 97.49 95.7-98.7 17.61 057

1 52/64 (81.3) 38.24 30.0-47.0 9749 95.7-98.7 15.26 063

12 NA 0.00 0.0-2.7 100.00 99.2-100.0 1.00

+LR positive likelihood ratio, —LR negative likelihood ratio

clearance, and/or damaging respiratory epithelial cells
[37]. Animal studies using mouse models have shown
that smoking induces inflammatory mediators and sup-
presses innate immunity against influenza infection [38].
Smoking could increase viral replication by directly sup-
pressing epithelial antiviral pathways, facilitating cyto-
kine release in mucosal innate immunity and increasing
deoxyribonucleic acid (DNA) methylation for viral infec-
tion [39].

BUN, pO,/FiO,, and arterial PH were parameters in
calculating PSI and/or CURB-65 scores. Our study
showed that these parameters were valuable predictors
of mortality in FluA-p patients. Early administration of
NAI therapy is associated with better outcomes in severe
influenza [40, 41]. Old age, obesity, pregnancy and
chronic medical conditions, such as COPD, diabetes

Survival probability of patients

-X""Low risk group
I THigh risk group

0.2

00

1 1
0 100 200

Length of stay in hospital (days)
Fig. 4 Survival of FlIuA-p patients by different levels of FluA-p scores.

For 30-day mortality: FluA-p score < 7: Low risk; FluA-p score = 7:
High risk

mellitus, and chronic kidney disease, have been associ-
ated with poorer outcomes in patients with influenza
[35, 42, 43]. However, in our study only cardiovascular
disease was identified as a risk factor for mortality in
FluA-p patients. Other studies have shown that coinfec-
tions can worsen illness severity and increase mortality
in severe influenza [44, 45]. In our univariate analyses,
coinfections were associated with increased mortality for
FluA-p patients, but coinfections were not significant
predictors in the multivariate analysis.

FluA-p score is a very simple severity assessment tool
containing only seven parameters and it serves as a reli-
able prediction rule. ROC showed better predictive val-
idity compared to PSI risk class and the CURB-65 score.
Although the specificity of score 2 is not good (only
25%), judging from the performance of score — 2 ~ 1 and
score 3 ~ 6, we believe it is mainly because patients with
score 2 were scarce (only 16 cases) in our study. Larger
subgroup sample sizes would allow for stronger infer-
ences Using a cutoff value of 7, the new FluA-p score
could stratify patients into two groups with significantly
different death risks. We believe this novel assessment
tool is suitable for use in clinical settings with FluA-p
patients. In addition, the parameters include indicators
widely used in clinics, even in small and perhaps less
equipped hospitals. Consequently, we think the assess-
ment tool has a great practical value.

Some limitations of our study should be noted. First,
despite our respectable sample size and comprehensive
statistical approach, the retrospective research design
meant some unavoidable selection bias. For example, the
nucleic acid tests were performed based on the subject-
ive judgement of the attending physicians. It was pos-
sible that more severe (or milder) patients were inclined
to be tested; thus, not all respiratory cases were eligible
for swabbing and there was likely some type of selection.
Second, due to the retrospective study design, we were
unable to retrieve and evaluate vaccination data, and the
incomplete data might have lowered the accuracy of our
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results. Finally, some studies have suggested that the
clinical characteristics and prognosis of immunocom-
promised patients with influenza is not the same as that
for immunocompetent hosts [46, 47]. Thus, it is import-
ant to further assess our influenza prediction model in
immunocompromised patients.

Conclusions

We developed a simple and reliable prediction rule for
30-day mortality in patients hospitalised with FluA-p.
The prediction rule could help clinicians to more accur-
ately assess influenza disease severity. Our recommenda-
tion is that clinicians should pay particular attention to
patients with FluA-p scores >7, as such individuals have
an increased risk for death.
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