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Introduction

The common cause of diseases such as gastroenteritis, 
respiratory infections, and conjunctivitis are human 
adenoviruses (HAdV) are, especially in children under  
5 years of age (1), and is responsible for nearly 5–10% 
of acute lower respiratory tract infections (ALRTIs) (2). 
Clinically, about one third of children with adenovirus 

pneumonia progress to severe disease (3). SAP is prone to 
multi-system complications, has a high mortality rate, and 
has a high incidence of sequelae, which places a heavy burden 
on society and families. Therefore, it is helpful to improve 
the prognosis of children with the early identification of 
children at risk of transition to severe symptoms when 
adenovirus pneumonia occurs, timely strengthening 
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monitoring and effective treatment. And it is also important 
for the allocation of medical resources. Importantly, the 
patient must be informed about the complete procedure and 
the possible associated complications. Severity prediction 
can facilitate an adequate individualized treatment plan to 
prevent morbidity.

Several studies have assessed the risk factor for SAP (4-6).  
Although many studies have proposed predictors for the 
prediction of SAP in children (7-9), none of them has been 
universally accepted for individualized prediction based on 
scientific evidence and is seldom associated with the visual 
prediction model. Nomogram has been considered lately 
to be an efficient visualization tool (10). It is particularly 
reliable and useful in the predictive model visualization (11) 
and for quantifying risks. Nomograms specifically score 
individual risk by numerical determining the probability 
of an event that is designed as per an individual patient’s 
profile. The use of nomograms is facilitated by graphical 
interfaces that are convenient for generating these estimates 
during clinical scenarios for informed decision-making (12). 
However, there has been only little on the use of nomogram 
for accurate estimation of adenovirus pneumonia severity in 
children.

In earlier studies, results were derived from a commonly 
used, traditional method, the stepwise regression model. 
However, for small samples, it is less sensitive and can 
worsen the prediction error worse in a few cases (13,14). 
Although it has played an important role, their studies 
may be more reasonable if they had considered this 
situation. Recently, machine learning has received much 
attention to identify biomarkers and predict outcomes in 
population studies. Lasso (least absolute shrinkage and 
selection operator) regression is a powerful tool according 
to the bias-variance tradeoff in situations of variable  
election (15). However, not much attention has been paid to 
Lasso in terms of a predictive nomogram for determining 
SAP in children.

Therefore, there is a need for studies on individualized 
prediction of adenovirus pneumonia severity by using Lasso 
penalized regression in patients. This study mainly focused 
on the development and validation of a nomogram for 
predicting the severity of adenovirus pneumonia in children. 
The investigators hypothesized that it is possible to validate 
and visualize a more reliable and accurate prediction model 
by a nomogram.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-675).

Methods

Design of the study and patient selection

We retrospectively conducted an observational, cross-
sectional study in a clinical setting. The study sample 
included patients who were presented to the Tianjin 
Children’s Hospital (January 2019 to December 2019), 
which conforms to the guideline for diagnosis and 
treatment of adenovirus pneumonia in children (2019 
version) (16) and has only evidence of adenovirus infection 
at the beginning of admission the basis for the diagnosis 
of adenovirus pneumonia. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by Ethics Board of Tianjin 
Children’s Hospital (No. L2021-02) and individual consent 
for this retrospective analysis was waived.

Inclusion criteria and the pathogenic diagnosis is based 
on any of the following: (I) nasopharyngeal swab virus 
antigen positive; (II) nasopharyngeal swab adenovirus 
nucleic acid positive; (III) serum adenovirus-specific IgM 
antibody positive; (IV) detect adenovirus nucleic acid 
sequences in bronchoalveolar lavage fluid (BALF) and 
metagenomics next generation sequencing (mNGS). 

Exclusion criteria were the following: (I) the course of 
illness exceeds 2 weeks when admitted to the hospital; (II) 
nosocomial infection; (III) children with severe allergic 
constitution; (IV) deaths or automatic discharge during 
hospitalization.

In this study, the Type 2a scheme mentioned by TRIPOD 
(Transparent Reporting of a Multivariable Prediction 
Model for Individual Prognosis or Diagnosis) (10)  
was used to build the model. One sixty-eight patients were 
arbitrarily categorized into training and testing datasets 
comprised respectively of, 122 and 46 patients according to 
the ratio of 7:3. The predictive nomogram was developed 
using the training dataset and the performance was 
evaluated using the testing dataset (Figure 1).

Study predictors

Some demographic characteristics, clinical data and 
laboratory tests of children were selected as variables in 
this study. Demographic characteristics, including gender, 
age, birth weight, premature delivery and basic disease 
conditions (for instance: chronic pulmonary problems, 
cardiac disease, neurologic diseases, severe malnutrition, 
anatomic malformations, hematologic malignancies or 
immunodeficiency) were selected as variables in this study, 
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as well as clinical data and laboratory tests of children. 
Peak fever, duration of fever, mixing with other pathogenic 
infections contained within the clinical data. Fever was 
defined as an axillary temperature of ≥37.3 ℃. The peak 
fever selects the highest body temperature in the whole 
disease heat range. The definition of the duration of 
fever was the time from the onset of fever to the date of 
to be hospitalized. Etiological examination of blood and 
respiratory secretions were completed within 24 hours of 
admission, including influenza type A and B, respiratory 
syncytial virus, Coxsackie group B virus, adenovirus, 
Mycoplasma pneumoniae, Chlamydia pneumoniae and 
germiculture. Our study chose the patients have only 
evidence of adenovirus infection at the beginning. We 
repeated the above pathogenic examination for patients 
who have not improved after 1 week of hospitalization or 
who have fever again after improvement. Mixed infection is 
defined as the evidence of other pathogens than adenovirus 
at this moment, it can be one or more. Our study selected 
the interception of maximum abnormalities from laboratory 
indicators during hospitalization, which including the 
quantity of leucocytes [white blood cell (WBC)], percentage 
of neutrophils and lymphocyte (N%, L%), C reactive 
protein (CRP), procalcitonin (PCT), lactate dehydrogenase 
(LDH), interleukin-6 (IL-6), lactic acid (La), and the ratio of 
CD4+, CD8+, CD19+, CD16+CD56+, CD4+/CD8+ which 
obtained by flow cytology. The variables of training dataset 
and validation dataset were defined in Table 1. Data were 

collected using a standardized form for each operation for 
which the designated recorder was present. In order to avoid 
potential bias, all data was clearly defined exposure prior to 
study, and collectors were received standardized training.

Primary outcomes 

The SAP was the outcome variable in this study. Diagnostic 
criteria for severe pneumonia which conforms to the diagnostic 
criteria of community acquired pneumonia (CAP) (17),  
there is any of the following: (I) poor general situation; (II) 
denial of food or dehydration; (III) consciousness disorders; 
(IV) faster breathing frequency (infant >70·min−1; older 
children >50·min−1); (V) cyanosis; (VI) dyspnoea (moaning, 
three concave signs, nasal wing fan); (VII) lung infiltration 
(multi-pulmonary leaves or ≥2/3 of lungs); (VIII) pleural 
effusion; (IX) percutaneous oxygen saturation ≤0.92, 
(X) extrapulmonary issues (cerebral abscess, meningitis, 
pericarditis, osteomyelitis, endocarditis, arthritis, hemolytic 
uremia syndrome, sepsis, etc.).

All the patient was dichotomized into the severity of 
adenovirus pneumonia in children as severe and non-severe 
according to criteria above, which was indicated by 1 and 0, 
respectively. 

Selection of the predictor

For the most practical predictive features in the training 

Figure 1 The numbers of enrolled participants and results of the training and testing datasets.

Assessed for eligibility (n=185)

Assessed for eligibility (n=168)

Excluded (n=17)

Incomplete medical records

Declined to participate

Discharged against medical advice

Severe allergic constitution

1-Other reason

Validation dataset (n=46)Training dataset (n=122)

52 Suffer from severe adenovirus pneumonia

70 Suffer from non-severe adenovirus pneumonia

17 Suffer from severe adenovirus pneumonia

29 Suffer from non-severe adenovirus pneumonia
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Table 1 Summary of study variables grouped by training and testing datasets*

Variable name (and type) Training dataset Testing dataset P value*

Sample size (n) 122 46 NA

Gender, No. (%) 0.73

Male 68 (55.7) 24 (52.2)

Female 54 (44.3) 22 (47.8)

Age (years), median (IQR) 3.0 (1.0, 5.0) 4.0 (2.0, 6.0) 0.31

Birth weight (kg), median (IQR) 3.2 (3.0, 3.6) 3.3 (3.0, 3.8) 0.35

Gestational age preterm (<37 weeks), No. (%) 1.00

Term 111 (91.0) 42 (91.3)

Preterm 11 (9.0) 4 (8.7)

Duration of fever(days), median (IQR) 3.0 (2.0, 5.0) 3.0 (2.0, 5.0) 0.90

Peak fever (℃), median (IQR) 39.8 (39.2, 40.1) 39.7 (39.2, 40.0) 0.35

Basic diseases, No. (%) 1.00

Yes 15 (12.3) 5 (10.9)

No 107 (87.7) 41 (89.1)

WBC (×109·L−1), median (IQR) 8.7 (6.4, 11.7) 7.9 (5.9, 11.9) 0.66

Neutrophil (%), median (IQR) 58.8 (46.7, 70.7) 56.7 (37.4, 66.8) 0.27

Lymphocyte (%), median (IQR) 31.0 (21.1, 42.0) 34.0 (23.4, 53.5) 0.22

CRP (mg·L−1), median (IQR) 15.9 (3.8, 34.2) 5.5 (2.5, 15.0) 0.002

La (mmol·L−1), median (IQR) 2.5 (2.1, 3.2) 2.6 (1.9, 3.0) 0.62

IL-6 (pg·mL−1), median (IQR) 31.4 (14.9, 55.9) 20.8 (7.3, 34.7) 0.014

LDH (U·L−1), median (IQR) 376.0 (319.0, 488.0) 343.0 (282.0, 471.0) 0.17

PCT (μg·L−1), median (IQR) 0.2 (0.1, 0.5) 0.1 (0.1, 0.4) 0.25

CD4+ (%), median (IQR) 34.7 (29.6, 38.2) 34.5 (31.0, 42.0) 0.47

CD8+ (%), median (IQR) 22.5 (18.0, 27.5) 23.0 (18.9, 28.0) 0.63

CD4+/8+, median (IQR) 1.5 (1.1, 2.0) 1.5 (1.2, 2.0) 0.57

CD16+CD56+ (%), median (IQR) 12.7 (9.3, 17.7) 13.3 (8.9, 16.8) 0.72

CD19+ (%), median (IQR) 20.3 (16.1, 24.5) 19.1 (15.7, 23.5) 0.79

Mixed infection, No. (%) 0.30

Yes 55 (45.1) 25 (54.3)

No 67 (54.9) 21 (45.7)

Data presented as median (IQR) or numbers, with percentages in parentheses. *, Mann-Whitney U test was used for the continuous 
variables and Fisher’s exact test was used for categorical variables specified in the exact argument. NA, not applicable; IQR, interquartile 
range; WBC, white blood cell; CRP, C reactive protein; PCT, procalcitonin; LDH, lactate dehydrogenase; La, lactic acid; IL-6, interleukin-6. 
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dataset, we used the Lasso algorithm (15,18). The binary 
logistic regression model involves the replacement of the 
residual sum of squares by the negative log-likelihood. The 
estimated regression parameters are not affected if the λ 
is smaller, but a few coefficients may shrink to zero as the 
λ increases (15,18). We then chose the λ with the smallest 
cross-validation error. Finally, the model was re-fit using 
the selected λ and all available observations. The majority 
of the covariate coefficients decreased to zero and the other 
non-zero coefficients are chosen using Lasso.

Statistical analysis 

Analyses of statistical data were carried out using R V4.0.1 
(R Foundation for Statistical Computing) and STATA 16.0 
for Windows (StataCorp Texas, USA). Bivariate analysis 
was carried out using the Fisher’s exact chi-squared test 
for categorical and Mann-Whitney U test for continuous 
variables. The retrospective nature of the study predetermines 
the sample size. For Lasso feature selection, the “glmnet” R 
package was applied (19). to develop a predictive model, we 
used the binary logistic regression model. Then, using the 
“rms” R package, a nomogram was built. Discrimination of 
the model was assessed through the ROC (receiver operating 
characteristic) curve. To determine the clinical use of the 
nomogram, the decision curve was analyzed in the validation 
dataset by the quantification of net benefits at different 
threshold probabilities (20). Each statistical test was two-
sided, and P values of <0.05 were deemed significant.

Results

Patients’ clinical characteristics 

The hospital enrolled 92 boys and 76 girls in ages ranging 
from 2 months to 14 years old. which included non-
severe (n=99) and severe (n=69) adenovirus pneumonia. 
The characteristics of patients in the training dataset 
and validation dataset are mentioned in Table 1. The two 
datasets did not differ significantly in the SAP (P=0.29). In 
the training and validation datasets, the percent of patients 
with severe adenovirus pneumonia (SAP) was 42.6% and 
37.0%, respectively. Bivariate analyses of study variables 
versus severity for training dataset were displayed in Table 2.

Nomogram development 

Lasso regression analyses identified CD4+ T cells, IL-6, 

and duration of fever as predictors (Figure 2). The model 
incorporating the above-mentioned independent predictors 
was evolved and defined as the nomogram (Figure 3).

Nomogram validation 

Discrimination
The AUC (area under the roc curve) is plotted in Figure 4. 
This nomogram exhibited excellent discrimination with an 
AUC of 0.79 (95% CI: 0.60–0.92) in the training dataset 
(Figure 4).

Clinical use
Figure 5 presents the decision curve analysis (DCA) for the 
nomogram. DCA was performed on our prediction model 
to estimate the net benefit to the patients. The decision 
curve shows an obvious net benefit of the nomogram 
model for nearly all threshold probabilities, particularly 
the threshold probabilities between 20–60% (Figure 5). 
However, in the case of less than 20% threshold probability, 
the nomogram exhibited a net benefit comparable to 
predicted positive results for all participants.

Discussion

HADV has a history of more than 70 years since its successful 
separation. It has been found that there are 7 subgenes 
from A to G, more than 103 types, and the population is 
generally susceptible (21). HADV is a common pathogen 
causing community-acquired pneumonia in children. A 
respiratory aetiological analysis of community-acquired 
pneumonia in hospitalized children suggests that the 
positive rate of adenovirus infection is about 3.5–9.4% (22).  
A report said that 53.9% of the 104 children with HADV-
7 infection were diagnosed with severe pneumonia (23). 
When SAP progressed with multiple organ dysfunction 
syndrome (MODS) in children, the mortality is higher 
over 50% (24). In this study, we developed and examined 
a nomogram to evaluate adenovirus pneumonia severity 
in children. It can efficiently discriminate individualized 
predictions and ease individualized treatment. This will aid 
in enhanced decision-making by the clinicians and patients 
to gain more net benefits.

The analysis results indicate that the duration of fever, 
CD4+ T cells and IL-6 levels are reliable predictors of SAP 
in children. The patients in the SAP group experienced a 
fever for a longer duration after the onset of symptom and 
admission, which was found on one study on the clinical 
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Table 2 Bivariate analyses of study variables versus severity for training dataset

Study variables
Training dataset (n=122)

P value
Non-severe =0 (n=70) Severe =1 (n=52)

Gender, No. (%) 0.36

Male 42 (60.0) 26 (50.0)

Female 28 (40.0) 26 (50.0)

Age (years), median (IQR) 4.0 (2.0, 5.0) 3.0 (1.0, 6.0) 0.41

Birth weight (kg), median (IQR) 3.3 (3.1, 3.6) 3.0 (2.9, 3.5) 0.004

Gestational age preterm (<37 weeks), No. (%) 0.53

Term 65 (92.8) 46 (88.5)

Preterm 5 (7.1) 6 (11.5)

Duration of fever(days), median (IQR) 3.0 (2.0, 3.0) 5.5 (3.5, 7.0) <0.001

Peak fever (℃), median (IQR) 39.8 (39.2, 40.0) 39.8 (39.3, 40.2) 0.48

Basic diseases, No. (%) 0.78

Yes 8 (11.4) 7 (13.5)

No 62 (88.6) 45 (86.5)

WBC (×109·L−1), median (IQR) 8.3 (6.5, 11.2) 8.9 (6.2, 13.5) 0.48

Neutrophil (%), median (IQR) 57.5 (44.8, 67.0) 62.4 (47.3, 75.4) 0.29

Lymphocyte (%), median (IQR) 32.2 (23.1, 43.1) 29.5 (18.0, 41.2) 0.43

CRP (mg·L−1), median (IQR) 17.3 (4.3, 29.2) 14.9 (3.8, 36.7) 0.99

La (mmol·L−1), median (IQR) 2.4 (2.1, 3.0) 2.7 (2.0, 3.4) 0.12

IL-6 (pg·mL−1), median (IQR) 22.7 (11.5, 51.2) 41.3 (25.9, 74.4) 0.001

LDH (U·L−1), median (IQR) 364.5 (304.0, 466.0) 402.5 (358.5, 527.5) 0.04

PCT (μg·L−1), median (IQR) 0.2 (0.1, 0.4) 0.2 (0.1, 1.0) 0.10

CD4+ (%), median (IQR) 35.7 (31.5, 40.2) 32.7 (26.2, 35.9) 0.001

CD8+ (%), median (IQR) 22.4 (18.1, 27.4) 22.5 (17.6, 27.8) 0.90

CD4+/8+, median (IQR) 1.5 (1.2, 2.1) 1.4 (1.0, 1.7) 0.03

CD16+CD56+ (%), median (IQR) 13.6 (9.7, 17.7) 12.3 (9.3, 17.6) 0.69

CD19+ (%), median (IQR) 19.8 (16.2, 23.4) 20.8 (15.8, 28.5) 0.26

Mixed infection, No. (%) 0.36

Yes 29 (41.4) 26 (50.0)

No 41 (58.6) 26 (50.0)

Mann-Whitney U test was used for the continuous variables and Fisher’s exact test was used for categorical variables specified in 
the exact argument. IQR, interquartile range; WBC, white blood cell; N%, percentage of neutrophils; CRP, C reactive protein; PCT, 
procalcitonin; LDH, lactate dehydrogenase; La, lactic acid; IL-6, interleukin-6.
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characteristics of adenovirus pneumonia (25). Another 
report confirmed the fever duration associated with SAP was 
prolonged relative to that of mild-moderate pneumonia (26).  
A recently research showed the time of fever before 
admission is a high-risk factor for children with adenovirus 
pneumonia, and the duration of fever after admission, too, 
is a factor causing high-risk of critical illness and death (8).  
It suggested that long fever is an effective predictor of 

whether SAP is at risk, which is consistent with our study.
The innate immune response has a crucial role in the 

host response to HAdV infections (27). CD4+ T cells are 
able to recognize HADV capsid protein and cause the 
positive immune response (28). A CD4+ T cell is divided 
into Th1 and Th2 based on the different cytokine spectrum, 
while Th1 is able to cause cyto-immune effects through 
secreted cytokines to enhance resistance to infection. 

Figure 2 Selection of predictor using the LASSO (least absolute shrinkage and selection operator) binary logistic regression model. 
(A) Identification of lambda (λ), or the optimal penalization coefficient in the Lasso model using minimum criterion and 10-fold cross-
validation. (B) Lasso coefficient profiles of the features. A vertical line was drawn at the selected value using 10-fold cross-validation, and 
optimal values were obtained by applying the 1 standard error of the minimum criteria (the 1-se criteria) and minimum criteria.
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Figure 3 The use of nomogram to determine the probability of severity of adenovirus pneumonia in children. A nomogram for severity was 
designed and assimilated with the predictors. The predictor points were found on the uppermost point scale that matched with each patient 
variable and was added. The total points extrapolated to the bottom scale show the percent probability of severity.
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Figure 4 Nomogram ROC curves in the training dataset. The 
nomogram exhibited excellent power of discrimination with AUC 
(95% confidence interval) of 0.785 (95% CI: 0.60–0.92) in the 
training dataset. ROC, receiver operating characteristic; AUC, area 
under ROC curve.
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Figure 5 Decision curve analysis of the nomogram. The y-axis 
indicates the net benefit. The nomogram is represented by 
blueline. The green line indicates the presumption that all patients 
had severe adenovirus pneumonia. The pink line indicates the 
presumption that no patients had severe adenovirus pneumonia. 
The net benefit was estimated by subtracting the proportion of 
patients who tested false positive from the true positive proportion, 
weighted by the relative harm of not getting treated in comparison 
to the adverse outcomes of an unrequired treatment (19). The 
decision curve indicates that when a patient or doctor threshold 
probability is >20% and <60%, using the nomogram to predict the 
severity of adenovirus pneumonia, it adds a greater advantage than 
the treat-all-patients severity or the treat-none severity.
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Th2 performs humoral immunity by secreting cytokines 
to assist B cell activation and producing antibodies. An 
early animal experiment suggested intravenous injection 
of large doses of adenovirus caused a significant decrease 
in the number CD4+ T cells at 1 day post-challenge in 
non-human primates (29). Recently study confirmed that 
when SAP occurs, the number of CD4+ T cells decreases 
significantly, resulting in cellular immunosuppression in the 
body (30). The results indicates that the decrease of CD4 T 
cells in follow-up is a risk factor of SAP, and confirmed the 
correctness of the previous report.

IL-6 is both able to promote B cell to produce antibodies 
and to promote liver synthesis of a variety of acute time-
phase protein (31). It is found by Sun that the levels of 
IL-6 increased significantly in children who were in 
severe adenovirus infection (32). To those children (such 
as Kawasaki disease) who infected adenovirus pneumonia, 
their IL-6 level is significantly higher than other types of 
viral pneumonia (33). The studies have confirmed that 
IL-6 is associated with inflammatory reactions in lungs, 
and its overexpression may be associated with immune 
damage to the lungs (34). So it can be used as an indicator 
for predicting SAP (35), which is consistent with our study. 
Adenovirus-induced inflammation storms are decisive for 
prognosis of disease, which is very similar to the clinical 
characteristics of adult novel coronavirus pneumonia.

In Wu’s study, low lymphocyte count and high serum 
LDH could be used to predict the severity of respiratory 
infection due to adenovirus in children (36). Gray’s 
multivariable risk factor modeling for adenovirus disease 
severity founded that age and chronic disease increased 
the risk of severe disease (37). Cheng’s report showed 
prematurity and basic neurologic diseases as risk factors 
for severe infections due to HAdV (9). However, these 
variables are not built in our model. The main reason 
for the difference with the previous research is that the 
observational population research is not fixed, and the 
representativeness of data, the range of variables, the size 
of sample and the characteristics of population will have 
different model results. Moreover, it is crucial to explain 
the results by clinical significance. In this study, a strict 
statistical method is used to screen out variables, and the 
clinical significance of this model is also clear.
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In this study, DCA was applied to assess its clinical 
usefulness (38,39). This new method indicates clinical 
consequences based on the threshold probability or Pt. By 
using nomogram in the current study, the decision curve 
reveals that it is more advantageous to assess the severity of 
adenovirus pneumonia than the treat-all-patients severe or 
the treat-none severe cases under the circumstance of >10% 
threshold probability of a doctor to a patient (Figure 5). An 
obvious net benefit of the nomogram model is observed 
for nearly all threshold probabilities, particularly in the 
range of 20–60% (Figure 5). However, in the case of <10% 
threshold probability, the net benefit of the nomogram 
was comparable to the predicted positive results for all 
participants.

Our study has a few limitations too. First, our study 
was conducted at a single-center with relatively small 
sample size and may have some effect on the results 
to some level. The findings in this study need to be 
corroborated in intervention studies in the future. Further, 
for generalization, the nomogram must be confirmed in 
large sample sizes of multi-center studies. Second, our 
study did not include radiographic imaging. Preoperative 
radiographic imaging examination in future research may be 
necessary. Third, because of laboratory conditions, specific 
typing of adenovirus was not done, which may have led to 
measurement bias. Despite its limitations, this nomogram 
effectively performed as a tool for prediction and patient 
counseling.

To conclude, we developed a nomogram and verified 
it in predicting the SAP, and can be effortlessly used for 
individualized prediction and treatment of the SAP in 
children.
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