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Abstract

Background: The recognition of the development of poor outcomes in children with HAdV infection in
early stage of the disease is vital because of high mortality rates. This study aimed to develop and
validate a nomogram in predicting risk of IMV in children with SAdVP at the early stage of the disease.

Methods: The retrospective study collected clinical data of hospitalized children with SAdVP in general
wards of a 1900-bed teaching hospital in Chongging, China (2015-2019). The nomogram was built by
using the multivariate logistic regression analysis. The performance of the nomogram was assessed by
discrimination, calibration and clinical utility.

Results: Two hundred and seven children with SAdVP were included. Age, level of albumin, atelectasis
and creatine kinase MB isoenzyme were identified as predictors in the nomogram. The area under the
receiver operating characteristic curve of the nomogram was 0.85 (95% Cl, 0.78-0.91) in the training set
and 0.81 (95% Cl, 0.69-0.94) in the validating set. A good consistency was observed between the
predictions and the actual observations, and decision curve analysis showed that the nomogram was
clinically useful.

Conclusions: Nomogram to predict the risk of IMV in children with SAdVP in general wards was
established and validated. It may be a valuable tool for clinicians to recognize the risk of IMV for children
with SAdVP at the early stage of the disease.

Introduction

Pneumonia is reported as the main cause of death for children under 5 years old'. In China, pneumonia is
the main cause of hospitalization for children, which brings a heavy burden to society. Human adenovirus
(HAdV) plays an important role in the pathogenesis of pediatric pneumonia and accounts for at least 5-
10% of pediatric respiratory tract infections?3. A total of 51 serotypes and over 70 genotypes of HAdV are
known so far and are classified into 7 species (species A to G) on the basis of serology, whole genome
sequencing and phylogenomics*°. Although most infections are asymptomatic, mild, or self-limited,
specific serotypes are closely associated with low respiratory tract infections, even severe sequelae®™19. It
has been reported that mortality rates for untreated severe adenovirus associated pneumonia(SAdVP)
may exceed 50% each year®, therefore, the recognition of the development of poor outcomes in children
with HAdV infection in early stage of the disease is vital.

There are several widely used critical scores which predict the poor prognosis and severe condition of
critically ill children such as Pediatric Risk of Mortality IlI(PRISM IlI)'?, Brighton Pediatric Early Warning
Score (Brighton PEWS)'%'3 and Pediatric Critical lliness Score(PCIS)'4. Higher scores indicate higher risk
of poor prognosis in PRISM Il and Brighton PEWS. On the contrary, lower scores in PCIS infers higher risk
of poor prognosis. However, the three critical scores were not specific for children with severe pneumonia,
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thus, they may not work accurately in early recognition of the development of poor outcomes in children
with SAdVP.

Considering factors above, this study aims to develop and validate a nomogram and evaluate whether it
performs better than the three critical scores in predicting risk of invasive mechanical ventilation(IMV) in
children with SAdVP at early stage of the disease.

Patients And Methods

Data source

This retrospective study was conducted in a 1900-bed teaching hospital in Chongqing, China.
Hospitalized children with SAdVP were enrolled retrospectively from January 2015 to October 2019. The
study was approved by the ethics committee of Children’s hospital of Chongging Medical University and
conducted according to the Declaration of Helsinki guidelines. The requirement of obtaining informed
consent was waived due to the retrospective design of the study, and all patients’ information was
handled anonymously.

Study population

The inclusion criteria were: 1) children were admitted into general wards and aged between 1 month and
18 years old, 2) met the criteria of severe pneumonia(see Definitions), 3) human adenovirus-polymerase
chain reaction test was positive in nasopharyngeal aspirates. The exclusion criteria were any of the
following: 1) the outcomes were caused by other diseases but not SAdVP, 2) the guardian refused to
continue the treatment or discharged spontaneously before the outcomes occurred, 3) the information
was seriously absent.

Data extraction

The data were collected right after the admission to the general wards (clinical symptoms and signs,
laboratory values were obtained within 24 hours of admission, and the radiological data were obtained
within 48 hours of admission). The collected data included demographic characteristics, clinical
presentations, co-infection, underlying conditions, complications, laboratory values, the HAdV load in
nasopharyngeal aspirates, and the outcome: need for invasive mechanical ventilation(IMV).

Definitions

Pneumonia is commonly defined as the presence of fever or acute respiratory symptoms and evidence of
parenchymal infiltrates on a chest radiograph'®. According to British Thoracic Society Standards of Care
Committee, indicators of severe pneumonia among children include hypoxemia (arterial oxygen
saturation [Sa02] of 92% or lower), respiration rate greater than 50 breaths per minute for children older
than 1 year or 70 breaths per minute for infants, severe difficulty in breathing, nasal flaring, grunting
respiration, signs of dehydration, moderate to severe retractions, intermittent apnea, or poor feeding®.
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Atelectasis, pulmonary consolidation, pleurisy and emphysema were diagnosed by clinical symptoms,
signs, chest ultrasound and/or computed tomography(CT) testing. Congenital heart disease was defined
by American Heart Association Statistics Committee and Stroke Statistics Subcommitte'”.
Bronchopulmonary dysplasia was defined by the National Institute of Child Health and Human
Development and National Heart, Lung and Blood Institute'®. Airway structure abnormality was
diagnosed by clinical presentations, signs, chest CT scan, accompanied with bronchoscopy.

Statistical analysis

Continuous variables were compared by using Mann-Whitney U test and were presented as medians with
inter-quartile ranges (IQRs) because most of variables were not normally distributed. Categorical
variables were analyzed by the X2 test or the Fisher's exact test as appropriate and expressed as numbers
(n) and percentages (%).

In this study, we divided included children into training set (about 70% data) and validating set (about
30% data) by random sampling in SPSS software. Variables in training set that had a p value less than
0.15in the univariate logistic analysis were included in the multivariate logistic regression analysis. The
factors picked were used to build the multivariable logistic regression model using stepwise forward
selection to determine the predictors for risk of IMV. The inclusion criteria for predictors was p value<
0.05. The predictors picked were presented with a nomogram to predict the need for IMV. The accuracy of
the nomogram was assessed by the discrimination ability and the calibration plot in validating set. Area
under the curve(AUC) of receiver operating characteristic (ROC) was used to evaluate the discrimination
ability of the nomogram. Calibration plot was established to validate the model accompanied with the
Hosmer-Lemeshow test. In addition, decision curve analysis (DCA) and clinical impact curve (CIC) were
performed to evaluate the clinical utility of the nomogram by calculating the net benefits at different
threshold probabilities’®20. A p value less than 0.05 was considered statistically significant, and all tests
were two-sided. All statistical analyses were performed using SPSS 25.0 and R software 3.61.

Results

Clinical features

Two hundred and seven children were finally included in our study. According to the inclusion criteria of
this study, there were 58 included children requiring IMV, while 149 included children not requiring IMV.
Thus, there were 58 cases in IMV group and 149 cases in control group. The flow chart of including
patients is shown in Fig. 1.

All included children were admitted to the general wards and no one had severe extrapulmonary

complications such as meningitis, pericarditis, endocarditis, osteomyelitis, arthritis, sepsis, hemolytic

uremia syndrome, etc. Children were younger in IMV group compared with control group(p = 0.002). There

were more children complicated by atelectasis in IMV group than control group (p = 0.02). Hemoglobin

(Hb) (p =0.006) and level of albumin(ALB) (p <0.001) were significantly lower in IMV group than control
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group, while creatine kinase MB isoenzyme(CK-MB) was significantly higher in IMV group than control
group(p = 0.02). Score of PRISM lIl was significant higher in IMV group than control group(p = 0.005),
while children in IMV group had lower score of PCIS than those in control group(p < 0.001).

PRISM IlI, PEWS and PCIS had an AUC of the probability for IMV of 0.69 (95% Cl, 0.62-0.77), 0.53 (95%
Cl,0.44-0.62) and 0.67 (95% Cl, 0.58-0.76), respectively(Figure S1). The descriptive statistics of all
included children are presented in Table 1. There were 145 children finally divided into training set and 62
into validating set after random sampling. Summarized information in sub-sets is shown in Table S1.
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Table 1
The clinical characteristics between IMV and control groups

Demographic characteristics

Age(months)

Sex|[girls(boys),n]
Weight(kg)

Clinical presentations, n(%)

Crackles

Length of fever

Accompanied with virus infection

Accompanied with bacteria

infection

Accompanied with mycoplasma

pneumoniae

Length of disease before

admission(days)

Underlying conditions, n(%)

Congenital heart disease
Moderate-to-severe malnutrition
Bronchopulmonary dysplasia
Airway structure abnormality

Complications, n(%)

Atelectasis

Pulmonary consolidation

Pleurisy

Mediastinal or cutaneous

emphysema

Gastrointestinal dysfunction

Laboratory values

WBC(*1019)

Total(n=207) IMV group (n=
58)
12.0(7.0- 8.5(6.0-16.0)
24.0)
71(136) 20(38)
9.5(8.0-11.3) 9.00(7.5-11.0)
76(36.7%) 23(39.7%)
5.0(2.0-10.0)  6.0(2.0-11.0)
22(10.6%) 7(12.1%)
113(54.6%) 33(56.9%)
35(16.9%) 7(12.1%)
12.0(7.0- 11.5(6.0-20.0)
20.0)
71(34.3%) 24(41.4%)
5(2.4%) 1(1.7%)
4(1.9%) 1(1.7%)
36(17.4%) 10(17.2%)
31(15.0%) 14(24.1%)
154(74.4%) 47(81.0%)
46(22.2%) 17(29.3%)
2(1.0%) 1(1.7%)
103(49.8%) 31(53.4%)
9.8(6.6-13.4)  10.5(6.6-14.0)
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Control group (n
=149)

14.0(8.0-26.0)

51(98)
9.5(8.0-11.5)

53(35.6%)
5.0(2.0-9.0)
15(10.1%)
80(53.7%)

28(18.8%)

12.0(7.0-20.0)

47(31.5%)
4(2.7%)
3(2.0%)
26(17.4%)

17(11.4%)
107(71.8%)
29(19.5%)
1(0.7%)

72(48.3%)

9.6(6.6-13.1)

0.002

0.97
0.09

0.58
0.31
0.68
0.68

0.25

0.65

0.18
1.00
1.00
0.97

0.02
0.28
0.13
0.48

0.51

0.99




L(%)
PLT(*1049)

Hb(g/L)

PCT(ng/ml)
CRP(mg/L)
ALT(U/L)

AST(U/L)
ALB(g/L)
LDH(U/L)

CK-MB(U/L)

HAdV load (InPCR)

Total(n =207)

0.4(0.3-0.5)

325.0(249.0-
436.0)

108.0(98.5-
118.0)

0.6(0.1-1.8)
4.0(4.0-25.5)

26.3(18.6-
37.7)

49.1(38.2-
77.5)

37.2(32.2-
41.9)

450.0(315.5-
674.5)

1.3(0.7-2.8)

16.2(11.7-
18.2)

IMV group (n =
58)

0.3(0.3-0.5)

296.5(234.0-
478.0)

103.5(95.0-
116.0)

1.2(0.3-2.6)
11.0(4.0-29.0)

30.2(18.4-
45.0)

61.0(42.2-
97.1)

33.0(26.9-
37.9)

432.3(313.9-
858.0)

2.4(1.2-4.0)

16.3(11.8-
17.8)

Control group (n
=149)

0.4(0.2-0.5)

333.0(253.0-
416.0)

110.0(100.0-
121.0)

0.5(0.1-1.5)
4.0(4.0-24.0)
25.3(19.1-35.6)

47.8(37.5-69.0)
38.0(33.8-43.0)
455.0(317.0-
647.8)

1.0(0.6-2.0)
16.2(11.6-18.3)

0.31
0.99

0.006

0.17
0.39
0.14

0.07
<
0.001
0.10

0.02
0.85

Note: The data were collected right after the admission to the general wards (clinical symptoms and
signs, laboratory values were obtained within 24 hours, and the radiological data were obtained within
48 hours after admission). No one had severe extrapulmonary complications such as meningitis,
pericarditis, endocarditis, osteomyelitis, arthritis, sepsis, hemolytic uremia syndrome, etc.

Abbreviations: ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; CK-MB,
creatine kinase MB isoenzyme; CRP, C-reactive protein; Hb, hemoglobin; IMV, invasive mechanical
ventilation; L, lymphocyte ratio; LDH, lactic dehydrogenase; In, Napierian logarithm; N, neutrophil ratio;
PCR, polymerase chain reaction; PCT, procalcitonin; PLT, platelet; WBC, white blood cell.

Developing a predictive nomogram in training set

In the univariate logistic analysis, eight out of thirty variables were chosen to be included in the

multivariate logistic regression analysis. Finally, four predictors were selected for high risk factors for
need for IMV in training set including age (odds ratio [OR]: 0.96; 95% CI:0.92-0.99; p < 0.05), level of

ALB(OR: 0.87;95% CI: 0.80-0.93; p<0.001), CK-MB(OR: 1.32;95% Cl: 1.06—-1.80; p <0.05) and

atelectasis(OR: 4.83; 95% Cl:1.69-14.51; p< 0.01) (Table 2).
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Table 2

Logistic regression analysis of predictors of IMV in training set

Univariate logistic analysis
Variables

Age

Sex

Weight

Crackles

Length of fever

Accompanied with virus infection
Accompanied with bacteria infection
Accompanied with mycoplasma
pneumoniae

Length of disease before admission
Congenital heart disease

Moderate-to-severe malnutrition

Bronchopulmonary dysplasia

Airway structure abnormality
Pulmonary consolidation
Atelectasis

Pleurisy

Mediastinal or cutaneous emphysema

—o | eo

o

N —

—_—

N
=0 o U1 oo N O 00 a O O

NO =
=\

—_—

Page 8/19

value

0.005

0.45

0.03

0.17

0.24

0.48

1.00

0.58

0.38

0.36

0.91

0.42

0.21

0.02

0.27

0.49

Multivariate logistic

analysis

OR(95%Cl)

0.96(0.92-0.99)

4.83(1.69-
14.51)

p_
value

0.023

0.004




Univariate logistic analysis Multivariate logistic
analysis
Gastrointestinal dysfunction 1.53(0.73- 0.26
3.20)
WBC 1.01(0.96- 0.79
1.06)
L 0.63(0.14- 0.55
2.90)
PLT 1.00(1.00- 0.37
1.00)
Hb 0.98(0.95-1.00) 0.05
PCT 1.03(0.99- 0.16
1.06)
CRP 1.00(0.99- 0.86
1.01)
ALT 1.01(1.00-1.02) 0.15
AST 1.00(1.00-1.01) 0.09
ALB 0.88(0.82- < 0.87(0.80-0.93) <
0.94) 0.001 0.001
LDH 1.00(1.00- 0.12
1.00)
CK-MB 1.45(1.15- 0.002 1.32(1.06-1.80) 0.04
1.83)
InPCR 1.01(0.93- 0.80
1.10)
Abbreviations: ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; CK-MB,
creatine kinase MB isoenzyme; CRP, C-reactive protein; Hb, hemoglobin; ICU, intensive care unit; IMV,
invasive mechanical ventilation; L, lymphocyte ratio; LDH, lactic dehydrogenase; In,Napierian
logarithm; N, neutrophil ratio; NPA, nasopharyngeal aspirate; PCIS, Pediatric Critical lliness Score; PCR,
polymerase chain reaction of human adenovirus; PEWS, Pediatric Early Warning Score; PCT,
procalcitonin; PLT, platelet; PRISM lll, Pediatric Risk of Mortality Ill; WBC, white blood cell.

A predictive nomogram incorporating the 4 predictors was established by logistic regression (Fig. 2). The
AUC of the probability of IMV for the predictive model was 0.85 (95% CI, 0.78—0.91) in training set, which
is bigger than the 4 optimal predictors[age: 0.73 (95% Cl, 0.63—0.82), level of ALB: 0.70 (95% Cl, 0.60—
0.79), atelectasis: 0.59 (95% Cl, 0.51-0.67), CK-MB: 0.72 (95% Cl, 0.62-0.83)] (Figure S2).

Validation of the predictive nomogram
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Validation of the predictive nomogram was performed with a 1000-bootstrap analysis. Harrell’s
concordance index in the validating set was 0.81. In the validating set, AUC of the probability for IMV was
0.81 (95% Cl, 0.69-0.94). The calibration curves of the predictive nomogram showed good probability
consistencies between the prediction and observation in training set (Fig. 3A) and validating set (Fig. 3B).
Hosmer-Lemeshow goodness-of-fit test indicated no significant deviation between observed and
predicted events in validating set (p = 0.55).

The clinical value of the predictive nomogram was conducted by DCA and CIC analysis. DCA is a novel
method for evaluating alternative predictive strategies, which has advantages over the ROC. The DCA
curve showed obvious net benefits of the predictive nomogram. The CIC of this predictive model visually
showed the estimated number that would be declared as high risk for each risk threshold and the
proportion of those who were cases (true positives). The DCA curve and CIC for the predictive model in
the validating set is presented in Figure S3.

Comparison with three critical scores

In validating set, PRISM lIl, PEWS and PCIS had a AUC of the probability for IMV of 0.72 (95% Cl, 0.58-
0.85,0.60 (95% Cl, 0.43-0.76) and 0.58 (95% Cl, 0.41-0.75), respectively(Fig. 4A). The AUC of the
probability for IMV for the predictive model was bigger than all the three scales. Significant difference
was obtained in PEWS, PCIS and PRISM IlI (all p<0.05) in comparison with the new predictive model,
respectively. The DCA curves showed the predictive nomogram had more obvious net benefits than the
three critical scores(Fig. 4B).

Discussion

In this study, we established a simple-to-use nomograme-illustrated model to predict the risk of IMV in
children with SAdVP in general wards at admission. The predictive nomogram incorporated 4 predictors
including age, ALB, CK-MB and atelectasis. The nomogram showed good accuracy and discrimination,
which indicated that the nomogram may have a good utility in clinical practice. The significant difference
in AUC suggested the new predictive model performs better than three critical scores including PRISM llI,
PEWS and PCIS in predicting the need for IMV.

Early recognition of the prognosis in children with SAdVP may help physicians to adopt effective
therapies in early stage to prevent the deterioration of disease. Previous studies have reported that
younger age, lower ALB and obvious complications were risk factors for the deterioration of disease in
children with adenovirus infection?". The results of this study also showed that younger age was the
independent risk factor in early stage. To our knowledge, there was no significantly effective medicine for
adenovirus infection, thus prognosis usually depends on the immune system of patients. Younger
children usually have immature immunity and limited respiratory function. There are some specific
biomarkers for evaluating the severity of bacterial infection, such as CRP and PCT22, while no specific
biomarkers have been yet found in pediatric virus infection. Therefore, we evaluated the value of
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biomarkers in children with SAdVP based on available laboratory indexes. ALB is regarded as a kind of
negative acute-phase protein and a marker of inflammation which is often decreased in the inflammatory
process?3. One study suggested low serum ALB levels at admission may be risk factors of mortality for
patients with viral pneumonia?“. The result of our study was consistent with the study, showing that
lower ALB might be a predictor for requiring IMV at early stage of SAdVP. Besides, CK-MB is one of the
major specific serum cardiac markers and elevated CK-MB is often observed in myocardial ischemic and
hypoxic change. One previous study showed CK-MB was found to be high in all included pediatric
patients with pneumonia who had poor prognosis?®. Similarly, our study suggested that the increasing
CK-MB was a risk factor for IMV in children with SAdVP. We suppose that the inflammation of lung may
increase the burden of blood circulation in the heart. Atelectasis usually indicates the lung involvement of
infection. The results of this study showed that the length of disease before admission was not
significant different between two groups, but the incidence of atelectasis was obviously higher in IMV
group. Hence, atelectasis may herald the rapid development of disease, and the earlier occurrence may
indicate poor prognosis.

The strengths of this study are highlighted. To our knowledge, this is the first study to establish a
nomogram to predict the risk of IMV in children with SAdVP at early stage. And the predictive model
showed good discrimination and consistency ability. The nomogram can be used in early recognition of
SAdVP cases with high risk of poor outcomes, thus timely treatment and care should be provided to these
children. Also, the results showed the new predictive model performed better than three critical scores(not
only PRISM Il and PEWS which are worldwide used, but also PCIS, specially formulated for Chinese
children).

The weak points of this study should be noted as well. AUC of the predictive model was not high enough,
which could be explained by the lack of specificity in pediatric virus infection. Also, this study had a small
sample size. Prospective researches with large sample size are needed to validate and improve the
predictive model. Furthermore, the data of this study were not obtained in the same time because this is a
retrospective study. It may lead the bias of the predictive model.

The findings of this study may have implications for clinical practice. First, younger age, lower level of
ALB, increase of CK-MB and atelectasis may indicate higher risk of IMV in children with SAdVP. Second,
we should value the status of patients through synthetical analysis since combination of these predictors
performed better than single predictors. Third, the commonly used critical scores did not perform well in
predicting the risk of IMV for children with SAdVR, therefore, the first predictive model for them is
necessary.

Conclusions

In conclusion, we established and validated a nomogram to predict the risk of invasive mechanical
ventilation in children with severe adenovirus associated pneumonia at early stage of the disease. The
nomogram has a more adequate ability of discrimination, calibration than PRISM Ill, PEWS and PCIS. It
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may be a valuable tool for clinicians to recognize the risk of invasive mechanical ventilation for children
with severe adenovirus associated pneumonia at early stage.
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Figure 1

Flow diagram of the population.
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Figure 2

The nomogram established for predicting risk of IMV in training set.
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Figure 3

A) Calibration curve for the nomogram in training set. B) Calibration curve for the nomogram in validating
set.
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Figure 4

Comparison of the nomogram and the three critical scores in validating set. A) ROC; B) DCA.
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