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Multi-parameter prediction model based on blood routine in children with influenza A
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[ Abstract ]| Objective To establish and validate a risk prediction model based on multiple blood routine parameters
for preliminary differential diagnosis of influenza A and influenza like illness (ILI) in children. Methods Children with
influenza A (n=2 686) and ILI (n=1 369) who were treated in Department of Pediatrics, The First Affiliated Hospital of Naval
Medical University (Second Military Medical University) from Jul. 1, 2022 to Jun. 30, 2023 were enrolled, and their clinical
and laboratory features were collected for retrospective analysis. According to age, patients were divided into 2 subgroups:

1 year<sage<6 years and 6 years<<age<:16 years. Patients in each subgroup were randomly divided into training set (70%)
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and internal validation set (30%). Children with influenza A (n=204) and ILI (n=404) who were treated in Department of
Pediatrics of The Second Affiliated Hospital of Naval Medical University (Second Military Medical University) and Naval
Hospital of PLA Eastern Theater Command from Jul. 1, 2022 to Jun. 30, 2023 were selected as the external validation set.
Multivariate logistic regression analysis was performed on the training set to obtain the independent influencing factors of
influenza A. The prediction model based on these factors were displayed as a nomogram. Receiver operating characteristic
(ROC) curve, Hosmer-Lemeshow test, and decision curve analysis (DCA) were used to evaluate the performance of the model
from 3 aspects: discrimination, calibration, and clinical practicality, respectively. The diagnostic performance of the model
was verified in both internal validation set and external validation set. Results In the subgroup of 1 year<<age<<6 years, age,
white blood cell count, lymphocyte count and C reactive protein were the independent influencing factors of influenza A (all
P<C0.01); the area under the curve (AUC) value of the established nomogram prediction model for identifying influenza A was
0.746 in the training set, 0.771 in the internal validation set, and 0.753 in the external validation set; the predicted probability
of the model was highly consistent with the actual probability (P=0.216); and taking intervention measures within a threshold
probability range of 16%-60% could yield net benefits. In the subgroup of 6 years<<age< 16 years, gender, white blood cell
count and lymphocyte count were the independent influencing factors of influenza A (all P<<0.01); the AUC value of the
established nomogram prediction model for identifying influenza A was 0.733, 0.747 in the internal validation set, and 0.753 in
the external validation set; the predicted probability of the model was highly consistent with the actual probability (P=0.06);
and taking intervention measures within a threshold probability range of 12%-58% could yield net benefits. Conclusion This
risk prediction model based on easily obtainable blood routine parameters shows good diagnostic performance for influenza A,
with high accuracy and clinical practicality.
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Children diagnosed with influenza in The
First Affiliated Hospital of Naval Medical
University (=3 255)

Excluded children:

1. Children with influenza B (n=9)

| 2. Children who have not been diagnosed in our hospital (#=331)
"1 3. Children with incomplete clinical data (7= 160)

4. Age <l year old or >16 years old (n=23)

5. Time from onset to first visit >3 d (n=46)

\ 4

Children with influenza A aged 1-16 years
old, with time from onset to first visit <3 d

(n=2 686)
ILI children (control) aged 1-16 years old from The
< First Affiliated Hospital of Naval Medical University,
A with time from onset to first visit <3 d
(n=1369)

All children (n=4 055) External validation set
(children with influenza A or ILI [control] from The
+ + Second Affiliated Hospital of Naval Medical University
and Naval Hospital of PLA Eastern Theater
Subgroup of age being 1-6 years old Subgroup of age being >6-16 years old Command) (n=608)
(n=1523) (n=2532) I

| | i 1

+ + ¢ ¢ Subgroup of age being 1-6 years Subgroup of age being >6-16

Training set Internal validation set Training set Internal validation set old (n=171) years old (n=437)
(n=1075) (n=448) (n=1784) (n=1748)
group group group group group group group group group group group group
(n=713) (n=362) (n=292) (n=156) (n=1183) (n=601) (n=498) (n=250) (n=179) (n=92) (n=125) n=312)
E1 BILHANRGHGRRZE
Fig1 Process diagram of children’s inclusion and grouping
ILI: Influenza like illness.
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Tab 1 Univariate analysis of influencing factors of influenza A in children aged 1 to 6 years old
Influenza A group Control group (ILI children) .
Index Statistic P value
N=1713 N=362
Gender, 1 (%) 2 =1.000 0.317
Male 379 (53.2) 180 (49.7)
Female 334 (46.8) 182 (50.3)

Agelyear, M (Q,, O,) 5(4,6) 4(3,5) Z=—6230  <0.001
Time from onset to first visit/d, M (Q,, O.) 1(1,1) 1(1,1) Z=—0.906 0.365
WBC/L™', X 10%), M (Q,, Q) 5.79 (4.49, 7.48) 7.15(5.48,9.71) Z=-—7907  <0.001
LYM/AL™', X10%), M (Q,, Q) 1.07 (0.73, 1.51) 1.66 (1.08, 2.25) Z=—11.302 <0.001
CRP/(mg-L™ "), M (Q,, Op) 2.77(0.78, 7.32) 4.22 (1.14, 13.50) Z=—4.166  <0.001

ILI: Influenza like illness; WBC: White blood cell count; LYM: Lymphocyte count; CRP: C reactive protein; M (Q,, Qp):
Median (lower quartile, upper quartile).

£2 15<Ffk<o6 FIILEFREMEZN % E X logistic 5317

Tab 2 Multivariate logistic analysis of influencing factors of influenza A in children aged 1 to 6 years old

Variable b SE Z value P value OR (95% CI)
Age 0.163 0.049 3.289 0.001 1.18 (1.07, 1.30)
WBC —0.111 0.026 —4.309 <<0.001 0.89 (0.85, 0.94)
LYM —0.651 0.101 —6.452 <<0.001 0.52(0.43, 0.64)
CRP —0.026 0.007 —3.478 0.001 0.97 (0.96, 0.99)
Constant 1.870 0.315 5.937 <<0.001 6.49

WBC: White blood cell count; LYM: Lymphocyte count; CRP: C reactive protein; b: Regression coefficient; SE: Standard error;

OR: Odds ratio; CI: Confidence interval.
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Fig2 Nomogram for distinguishing children with influenza A from ILI aged 1-6 years old and its validation

A: Nomogram for distinguishing children with influenza A from ILI; B: Calibration curve of the nomogram; C: DCA of the nomogram.

ILI: Influenza like illness; WBC: White blood cell count; LYM: Lymphocyte count; CRP: C reactive protein; DCA: Decision curve

analysis; Dxy: The rank correlation between predicted value and observed value; C (ROC): Area under the receiver operating

characteristic curve; R2: Nagelkerke-Cox-Snell-Maddala-Magee R-squared index; D: Discrimination index; U: Unreliability index; Q:

Quality index; Brier: Mean square error between predicted value and actual value; Emax: The maximum absolute difference between

predicted value and actual value; E90: 90% percentile of the difference between predicted value and actual value; Eavg: The average

difference between predicted value and actual value; S:z: The Z value of Spiegelhalter Z test; S:p: The P value of Spiegelhalter Z test.
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Fig 3 Diagnostic performance of the predictive model in children aged 1-6 years old

A: ROC curve in the training set; B: ROC curve in the internal validation set; C: ROC curve in the external validation set. ROC:

Receiver operating characteristic; AUC: Area under curve; CI: Confidence interval.
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Tab 3 Univariate analysis of influencing factors of influenza A in children aged >6-16 years old

Influenza A group Control group (ILI children)

Index Statistic P value
N=1183 N=601
Gender, 1 (%) £ =3.798 0.051
Male 675 (57.1) 313 (52.1)
Female 508 (42.9) 288 (47.9)
Agelyear, M (Q,, Op) 98, 11) 10 (8, 12) Z=-—2217 0.027
Time from onset to first visit/d, M (Q,, O) 1(1,1) 1(1,1) Z=—2.834 0.005
WBC/(L™', X 10%), M (Q,, Q) 5.64 (4.58, 7.06) 7.47 (5.59, 10.3) Z=—13.97 <0.001
LYM/(L™', X10%), M (Q,, Q) 0.89 (0.64, 1.22) 1.26 (0.86, 1.80) Z=—12.582 <0.001
CRP/(mg-L "), M (Q,, Ov) 3.32(0.82, 8.44) 3.64 (0.73, 12.20) Z=-—2.612 0.009

ILI: Influenza like illness; WBC: White blood cell count; LYM: Lymphocyte count; CRP: C reactive protein; M (Q,, Qp):
Median (lower quartile, upper quartile).

Tab 4 Multivariate logistic analysis of influencing factors of influenza A in children aged >6-16 years old

R4 65<Fiy<16 %)L EFRYMEZNEEZE logistic 57

Variable b SE Z value P value OR (95% CI)
Male 0.346 0.113 3.055 0.002 1.41 (1.13, 1.76)
WBC —0.255 0.024 —10.734 <0.001 0.77 (0.74, 0.81)
LYM —0.803 0.100 —8.067 <0.001 0.45(0.37, 0.54)
Constant 3.687 0.310 11.889 <0.001 39.92

WBC: White blood cell count; LYM: Lymphocyte count; b: Regression coefficient; SE: Standard error; OR: Odds ratio; CI

Confidence interval.
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Fig4 Nomogram for distinguishing children with influenza A from ILI aged > 6-16 years old and its validation

A: Nomogram for distinguishing children with influenza A from ILI; B: Calibration curve of the nomogram; C: DCA of the

nomogram. ILI: Influenza like illness; WBC: White blood cell count; LYM: Lymphocyte count; DCA: Decision curve analysis; Dxy:

The rank correlation between predicted value and observed value; C (ROC): Area under the receiver operating characteristic curve;

R2: Nagelkerke-Cox-Snell-Maddala-Magee R-squared index; D: Discrimination index; U: Unreliability index; Q: Quality index;

Brier: Mean square error between predicted value and actual value; Emax: The maximum absolute difference between predicted

value and actual value; E90: 90% percentile of the difference between predicted value and actual value; Eavg: The average difference

between predicted value and actual value; S:z: The Z value of Spiegelhalter Z test; S:p: The P value of Spiegelhalter Z test.
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Fig5 Diagnostic performance of the predictive model in children aged > 6-16 years old

A: ROC curve in the training set; B: ROC curve in the internal validation set; C: ROC curve in the external validation set. ROC:

Receiver operating characteristic; AUC: Area under curve; CI: Confidence interval.
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