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ABSTRACT
Prediction of mortality in children with pneumonia-
related bacteremia is necessary for providing timely 
care and treatment. This study aims to develop and 
validate a nomogram and compare it with Pediatric 
Risk of Mortality III (PRISM III), Brighton Pediatric 
Early Warning Score (Brighton PEWS) and Pediatric 
Critical Illness Score (PCIS), which are widely used 
in predicting in-hospital mortality in children with 
pneumonia-related bacteremia. This retrospective 
study collected clinical data of hospitalized children 
with pneumonia-related bacteremia in Chongqing, 
China (January 2013–May 2019). The nomogram 
was built using multivariate logistic regression 
analysis. The nomogram was compared with PRISM 
III, PEWS and PCIS in accuracy and clinical benefits 
in predicting in-hospital mortality in children with 
pneumonia-related bacteremia. A total of 242 
children were included. The nomogram including 
time to first positivity of blood cultures (TTFP), 
serum albumin (ALB) and lactate dehydrogenase 
(LDH) was established. The area under the receiver 
operating characteristic curve of the nomogram 
was 0.84 (95% CI 0.77 to 0.91) in the training set 
and 0.82 (95% CI 0.71 to 0.93) in the validating 
set. Good consistency was observed between the 
predictions and the actual observations, and the 
decision curve analysis showed that the nomogram 
was clinically useful. The results showed that the 
nomogram significantly performed better than the 
three critical scores. In conclusion, a nomogram-
illustrated model incorporating TTFP, ALB and LDH 
for predicting in-hospital mortality in children with 
pneumonia-related bacteremia at the early stage 
was established and validated. It performed better 
than PRISM III, PEWS and PCIS.

INTRODUCTION
Pneumonia is one of the leading causes of hospi-
talization in children, especially in developing 
countries.1 2 The mortality of severe pneumonia 
is approximately 6.4% in children younger than 
5 years old.3 A quarter to a third of pneumonia 
and 27.3% of severe pneumonia in children are 
caused by bacteria.3 A significant number of 

patients suffered from bloodstream infections 
(bacteremia), resulting in life-threatening condi-
tions such as sepsis, shock and even death.4 
Mortality approaches 10%–20% for children 
with bacteremia admitted to the pediatric inten-
sive care unit.5

Some laboratory variables such as white cell 
count, C reactive protein (CRP), procalcitonin 

Significance of this study

What is already known about this subject?
►► A quarter to a third of pneumonia and 
27.3% of severe pneumonia in children are 
caused by bacteria.

►► Prediction of mortality in children with 
pneumonia-related bacteremia is necessary 
for providing timely care and treatment.

►► There is no predictive model for predicting 
in-hospital mortality in children with 
pneumonia-related bacteremia at the early 
stage.

What are the new findings?
►► Laboratory indexes including time to first 
positivity of blood cultures (TTFP), serum 
albumin (ALB) and lactate dehydrogenase 
(LDH) were closely related to in-hospital 
mortality in children with pneumonia-
related bacteremia.

►► The nomogram including TTFP, ALB and LDH 
was established for predicting in-hospital 
mortality in children with pneumonia-
related bacteremia.

►► The newly established model is better than 
the three traditional critical scores.

How might these results change the focus 
of research or clinical practice?

►► This nomogram-illustrated model may be 
a new approach to predicting in-hospital 
mortality in children with pneumonia-
related bacteremia.

►► Clinicians may be able to provide more 
timely care and treatment with the help of 
this model.
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(PCT), etc, have been used to indicate the possibility of bacte-
rial infection. Some studies have suggested that high levels 
of PCT and CRP are closely related with severity of bacte-
rial infection.6–8 Our previous study showed that the time to 
first positivity of blood cultures (TTFP) was associated with 
in-hospital mortality of children with pneumonia-related 
bacteremia.9 However, Parlato et al’s10 work pointed out 
that the value of individual laboratory indicators is limited 
and the predictive effect of these variables is uncertain at the 
early stage of bacterial bloodstream infection. Therefore, it 
may be useful to combine available clinical manifestations, 
laboratory indicators and radiological features to predict 
the prognosis of children with pneumonia-related bacte-
remia. To our knowledge, several critical scores for evalu-
ating the conditions of critically ill children are widely used, 
such as the Pediatric Risk of Mortality III (PRISM III),11 
Brighton Pediatric Early Warning Score (Brighton PEWS)12 
and Pediatric Critical Illness Score (PCIS).13 However, these 
critical scores were not exclusively designed for children 
with pneumonia-related bacteremia, and there was no study 
evaluating their value in early recognition of poor outcomes 
in children with pneumonia-related bacteremia.

Thus, this study aims to develop and validate a predictive 
model for in-hospital mortality of children with pneumonia-
related bacteremia at early stage. We will also evaluate the 
value of PRISM III, PEWS and PCIS in predicting mortality 
in such patients and compare the predictive model with 
these critical scores.

METHODS
This study is conducted in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology statement.14

Data source
This retrospective study was conducted in a tertiary teaching 
hospital in Chongqing, China. Hospitalized children with 
pneumonia-related bacteremia from January 2013 to May 
2019 were enrolled retrospectively. The requirement for 
obtaining informed consent was waived due to the retro-
spective design of the study and all patients’ information 
was handled anonymously.

Study population
The following were the eligibility criteria: (1) hospitalized 
children had pneumonia; (2) age between 1 month and 18 
years old; (3) bacteremic isolates likely represented patho-
gens according to the judgment of clinicians; and (4) they 
were diagnosed as pneumonia-related bacteremia with 
systemic inflammation reaction syndrome status (see the 
Definitions section). The exclusion criteria were any of the 
following: (1) the outcomes were caused by other diseases 
but not directly by pneumonia-related bacteremia, such as 
acute hemorrhage, surgical factors, etc; (2) the guardian 
refused to continue the treatment; or (3) the needed infor-
mation was not available.

Children who died in the hospital at this hospitalization 
were included in the death group, while those who did not 
die in the hospital at this hospitalization were included in 
the control group. A study on the same group of patients 
has been reported previously.9

Data extraction
Data were extracted from the electronic medical record 
system of the Children’s Hospital of Chongqing Medical 
University, Chongqing, China, by two data collectors who 
were totally unaware of the design of the study. The clin-
ical symptoms, signs, laboratory values and radiological 
data were collected once positivity of blood cultures was 
reported.

Detailed information on data extraction has been 
described in our previous study9; additionally, the scores on 
PRISM III, PEWS and PCIS were included in this study.

Definitions
The definitions of pneumonia-related bacteremia, TTFP, 
congenital heart disease and others are shown in online 
supplemental file.

Statistical analysis
Continuous data were compared by Mann-Whitney U test 
and were presented as median with IQR for variables that 
were almost not normally distributed. Categorical data were 
analyzed by χ2 test or Fisher’s exact test and expressed as 
numbers (n) and percentages (%). In this study, the included 
children were divided into the training set (65% data) and 
the validating set (35% data) by random sampling using 
R software with the ‘sample()’ function. In the training 
set, the least absolute shrinkage and selection operator 
(LASSO) regression method was used to determine the 
potential predictors of in-hospital mortality in children 
with pneumonia-related bacteremia.15 The picked predic-
tors were used to build the multivariable logistic regression 
model and presented with a nomogram to predict in-hos-
pital mortality. The accuracy of the nomogram was assessed 
by discrimination ability and calibration plot. The 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. Deci-
sion curve analysis (DCA) and clinical impact curve (CIC) 
were performed to evaluate the clinical utility of the nomo-
gram by calculating the net benefits at different threshold 
probabilities.16 17 In order to compare the predictable ability 
and clinical utility value of the nomogram with the three 
critical scores (PRISM III, PEWS and PCIS), the AUC and 
DCA curve of the nomogram and that of the three critical 
scores were compared. A p value less than 0.05 was consid-
ered statistically significant and all tests were two-tailed. All 
statistical analyses were performed using R V.3.6.1 software 
and SPSS Statistics V.25.0.

RESULTS
Clinical characteristics of included children
The flow chart of including patients and the clinical char-
acteristics of the included children have been described in 
a previous study.9 The significant differences of PRISM III 
and PCIS scores between the death group and the control 
group indicated the overall conditions were worse in the 
death group. However, PEWS was not significantly different 
between the two groups. Detailed information on PRISM 
III, PCIS and PEWS for all included children is presented 
in online supplemental table S1. We divided these patients 
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into two sets by random sampling in R software with the 
‘sample()’ function. One hundred and fifty-seven children 
were finally divided into the training set and 85 children 
were divided into the validating set. Briefly, there was no 
significant difference in age, gender, weight and underlying 
diseases between the death group and the control group in 
the two sets. In-hospital mortality was similar in the subsets 
(20.4% in the training set and 21.2% in the validating set). 
Detailed information on the subsets is presented in online 
supplemental table S2.

Developing a nomogram in the training set
The LASSO regression method was used to extract the most 
important predictive factors from the training set. Thirty 
variables of patients were analyzed in the LASSO regres-
sion model, the most regularized and parsimonious model 
with a cross-validated error within 1 SE of the minimum 
included three variables (TTFP, albumin (ALB) and lactate 
dehydrogenase (LDH)). A cross-validated error plot of the 
LASSO regression model is shown in figure 1A. The path 
of the coefficients included in this model with varying log-
transformed lambda values is shown in figure 1B.

A new model incorporating these three predictors was 
established by multiple variables logistic regression, and 
the nomogram of this logistic regression model for visual-
ization was drawn by the ‘regplot’ package in R software 
(figure 2). The value of every predictor corresponded to a 
specific point, and the total points of all predictors corre-
sponded to the risk of in-hospital mortality. The values of 
ALB, LDH and TTFP are marked on the axis with corre-
sponding points. The total points of this model are obtained 
by adding the points of individual factors together, corre-
sponding to ‘probability’, which indicates the risk of in-hos-
pital mortality. The AUC of the probability of in-hospital 

mortality in the nomogram was 0.84 (95% CI 0.77 to 0.91) 
in the training set, which is higher than the three individual 
predictors (TTFP: 0.78, 95% CI 0.68 to 0.87; ALB: 0.71, 
95% CI 0.61 to 0.81; LDH: 0.74, 95% CI 0.64 to 0.84) 
(figure 3).

Validation of the nomogram
Validation of the predictive nomogram was performed with 
a 1000 bootstrap analysis. The Harrell’s concordance index 
in the validating set was 0.82. In the validating set, the 
AUC of the probability of in-hospital mortality was 0.82 
(95% CI 0.71 to 0.93). The calibration curves of the predic-
tive nomogram showed good probability consistencies 
between the prediction and the observation in the training 
set (online supplemental figure S1A) and in the validating 
set (online supplemental figure S1B). Hosmer-Lemeshow 
goodness-of-fit tests indicated no significant deviation 
between observed and predicted events in the validating set 
(p=0.91).

The clinical value of the predictive nomogram was 
conducted by DCA and CIC analyses. DCA is a novel 
method for evaluating alternative predictive strategies, 
which has advantages over the ROC.16 17 The DCA curve 
showed obvious net benefits of the predictive nomogram. 

Figure 1  Selection of predictors of in-hospital mortality using 
the LASSO regression method. (A) A 10-fold cross-validation was 
used in the LASSO regression; (B) LASSO coefficient profiles of 30 
potential variables. A coefficient profile plot was produced against 
the log (lambda) sequence. LASSO, least absolute shrinkage and 
selection operator.

Figure 2  The nomogram established for predicting in-hospital 
mortality in the training set. The values of ALB, LDH and TTFP are 
marked on the axis with corresponding points. The total points of 
this model are obtained by adding the points of individual factors 
together, corresponding to ‘probability’, which indicates the risk of 
in-hospital mortality. ALB, albumin; LDH, lactate dehydrogenase; 
TTFP, time to first positivity of blood culture. glm, generalized 
linear regression.

Figure 3  Area under the curve (AUC) of the probability of in-
hospital mortality for the nomogram, time to first positivity of 
blood culture, albumin and lactate dehydrogenase in the training 
set.
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The CIC of this predictive model visually showed the esti-
mated 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 are presented in online supple-
mental figure S2.

Comparison with three critical scores
For all included children, PRISM III, PEWS and PCIS had 
an AUC of probability of in-hospital mortality of 0.66 (95% 
CI 0.58 to 0.75), 0.56 (95% CI 0.46 to 0.66) and 0.62 
(95% CI 0.53 to 0.72), respectively (online supplemental 
figure S3). The results indicated that the predictable abili-
ties of the three critical scores were not good enough.

In order to determine the ability in predicting in-hos-
pital mortality and the clinical utility of the nomogram, 
the AUC and DCA curve of the nomogram were compared 
with that of the three critical scores in the validating set. 
Consequently, PRISM III, PEWS and PCIS had an AUC of 
probability of in-hospital mortality of 0.64 (95% CI 0.51 to 
0.78), 0.55 (95% CI 0.37 to 0.74) and 0.62 (95% CI 0.46 
to 0.79), respectively (figure 4A). The AUC of probability 
of in-hospital mortality of the nomogram was significantly 
bigger than PEWS, PCIS and PRISM III (all p<0.05). The 
DCA curves also showed the nomogram had more obvious 
net benefits than the PRISM III, PEWS and PCIS (figure 4B).

DISCUSSION
In this study, we established and validated a simple-to-use 
nomogram as a new approach to predicting in-hospital 
mortality in children with pneumonia-related bacteremia 
at the early stage. The predictive nomogram incorporates 
three predictors including TTFP, ALB and LDH. It shows 
good accuracy and discrimination, which indicates that the 
nomogram may have good utility in clinical practice. In 

comparison with PRISM III, PEWS and PCIS, the nomo-
gram demonstrated superior prognostic accuracy for 
in-hospital mortality in children with pneumonia-related 
bacteremia at the early stage.

Bacteremia denotes a serious infection which can lead 
to significant morbidity and mortality if not treated appro-
priately. The laboratory indexes (TTFP, ALB and LDH) 
were closely related to in-hospital mortality in children 
with pneumonia-related bacteremia. CRP and PCT were 
applied widely in bacterial infection, and these two indexes 
were higher in the death group compared with the control 
group in this study. However, CRP and PCT were not 
included in the predictors by the LASSO regression model, 
which may be attributed to TTFP being more sensitive 
and specific in predicting in-hospital mortality in children 
with pneumonia-related bacteremia. Previous studies have 
already shown that TTFP has good accuracy in the predic-
tion of poor prognosis in patients with bacteremia.18 19

In this study, antibiotics, especially ß-lactam antibiotics, were 
used in many patients in the outpatient department before 
admission. However, the results showed that ß-lactam antibi-
otics could not reduce the mortality of the included children 
with pneumonia-related bacteremia. It indicates that a lot of 
severe bacterial infections may resist ß-lactam antibiotic therapy 
nowadays. Of the patients, 42.1% were using appropriate 
antibiotic therapy, but no significant difference was obtained 
between the death and the control group. This suggests that 
mortality was not reduced even with appropriate antibiotic 
therapy. It indicates that the vitro drug-sensitive test may not 
be absolutely consistent with vivo pharmacodynamics. There-
fore, early recognition of poor prognosis in children with 
pneumonia-related bacteremia is vitally important since more 
active treatment and care are necessary for children at high risk 
of in-hospital mortality.

The findings of this study may have implications for clin-
ical practice. First, shorter TTFP, lower ALB level and higher 
LDH level may indicate higher in-hospital mortality. Second, 
we should assess the patient’s status by synthetical analysis since 
combination of predictors may be better than the individual 
variables. Third, the commonly used critical scores may not 
perform well in predicting in-hospital mortality for children 
with pneumonia-related bacteremia; therefore, a newly estab-
lished predictive model designed for these patients is necessary.

This study had a number of strengths. This is the first study to 
establish a nomogram-illustrated model for predicting in-hos-
pital mortality in children with pneumonia-related bacteremia 
at the early stage. The LASSO regression method is suitable for 
regression of highly dimensional data and avoids overfitting. 
Furthermore, the predictors (TTFP, ALB and LDH) are easy to 
obtain and routinely collected in clinical practice. In compar-
ison with PRISM III, PEWS and PCIS, the nomogram demon-
strated superior prognostic accuracy for in-hospital mortality 
in the early period. We validated this nomogram not only in 
accuracy and discrimination but also in clinical value by DCA 
and CIC. The results showed that the nomogram performed 
better in predicting in-hospital mortality than the existing crit-
ical scores.

Limitations of this study should be noted. First, this is a 
single-centered retrospective study with a small sample size; 
thus, the conclusion should be drawn with caution and the 
nomogram should be further validated in different centers in 
the future. Moreover, our study mainly focused on the clinical, 

Figure 4  Comparison of the nomogram and the three critical 
scores in the validating set: (A) receiver operating characteristic 
and (B) decision curve analysis curves. AUC, area under the curve; 
PCIS, Pediatric Critical Illness Score; PEWS, Brighton Pediatric Early 
Warning Score; PRISM III, Pediatric Risk of Mortality III.
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laboratory and radiological features of patients, but we could 
not obtain the very detailed information about the antibiotic 
therapy before admission, which might influence the result of 
TTFP.

In conclusion, this retrospective study establishes and vali-
dates a nomogram-illustrated model which incorporates TTFP, 
ALB and LDH to predict in-hospital mortality in children with 
pneumonia-related bacteremia at the early stage. It demon-
strates superior prognostic accuracy compared with PRISM III, 
PEWS and PCIS. However, the nomogram should be further 
validated in the future due to the small sample size.
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