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Introduction

The nursing practices of medical workers are closely 
related to infection control in hospitals (1,2). Infection 
control is particularly important in neonatal pediatrics. 
Newborns need to be placed in a temperature-controlled 
environment, as the physiological functions of newborns 
are not fully developed, especially the thermoregulatory 

center, which develops gradually after birth (3,4). Neonates, 
especially preterm infants, are very prone to scleredema or  
dysplasia (5). The skin stratum corneum of newborn infants 
is thin and rich in blood vessels, which are easily damaged 
and infected (5,6). The barrier function of their skin can 
also be damaged (6). If proper care is not taken, it is easy to 
cause sepsis and cellulitis.

Incubators provide a comfortable environment with a 
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suitable temperature and humidity for newborns, which 
can effectively reduce the probability of newborns being 
infected by the external environment in the first few 
weeks and enhance the immune resistance of newborns 
(7,8). Additionally, the “neutral temperature” provided by 
incubators means that newborns can maintain a normal 
body temperature, and a comfortable and appropriate 
environmental temperature and humidity protects the skin 
(9,10). At the appropriate temperature, the body consumes 
the least amount of oxygen, the metabolism is appropriate, 
and the external evaporation and heat dissipation are small 
(11-13). Thus, special attention must be paid to the health 
and safety standards for incubators. The management of 
incubators has an important effect on the prognosis of 
newborns. Thus, hospital management personnel need to 
work diligently, learn the causes and methods of hospital 
infection, understand the equipment structure of incubators, 
avoid potential risks, and constantly update their knowledge 
(14,15). Due to the high incidence, nosocomial infections 
(NIs) in newborns need to be correctly controlled to avoid 
the occurrence of neonatal infection events.

To date, research on the relationship between the health 
standards for incubators and newborn NIs has been limited. 
Thus, this study analyzed the standardized and reasonable 
prevention measures and health and safety standards for 
incubators, and explored risk factors for the new born 
NI. We present the following article in accordance with 

the STARD reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-23-171/rc). 

Methods

Data set

In this retrospective research, we collected the basic and 
incubator information of 76 infants at the Heping Hospital 
Affiliated to Changzhi Medical College from January 
2021 to January 2022. Among the 76 infants, 36 were 
infected during hospitalization, and the other 40 patients 
were not infected. The following basic information for 
the patients was collected: gestational age (weeks), gender, 
weight (g), incubator, paternal age (years), and maternal 
age (years). The sample size was calculated based on the 
prevalence of new born NI. We obtained the written 
informed consent from all patients’ legal guardian, and this 
study was approved by the ethics committee of Heping 
Hospital Affiliated to Changzhi Medical College (No. 
356984125). The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Evaluation of new standards for incubators

An evaluation system of the health and safety standards 
was formulated for the newborn incubators, and the 
corresponding nursing practices for preventing infection 
were measured. A number of specific measures were 
employed. First, a hospital infection management team 
responsible for the health and safety management of the 
newborn incubators was established, and conscientious 
and responsible nurses who were responsible for the 
implementation of various strategies were selected. Second, 
a sound health and safety standard evaluation system for the 
incubators was established, the responsibility consciousness 
of the nursing staff was improved, and regular training 
and assessments of hospital infection-related knowledge 
were carried out. We also unified the clinical measures, 
improved the technical level of the nursing staff, and 
ensured the standardization of various operations. For 
example, the medical personnel had to wear soft and clean 
sanitary clothes, masks, and hats when in contact with 
the newborns. The time for which a mask could be worn 
could not exceed 4 h (16,17). Hands had to be washed 
before and after coming into contact with a newborn, 
and the relevant regulations strictly followed. Spot-check 
microbiological examinations of the hands of medical 
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personnel were conducted every month to prevent hospital 
infection. Corresponding data record procedures were 
established to record the microbiological incubator tests, 
residual concentration of the disinfectant, and ultraviolet 
disinfection, and the factors relevant to NIs in children 
were analyzed. Test were conducted to ensure the bacteria 
culture quantity in the water tanks of the incubators and 
the water injection ports were ≤5 cuf/cm2. No pathogenic 
bacteria should be found in the incubators (18,19). Among 
the included infants, the new incubator standard was 
randomly introduced and there was no overlap between the 
conventional and the new standard patients. The infants 
without complete records were excluded. 

Diagnosis of NI

The following measures were used for NI diagnosis: (I) 
evaluating the symptoms and indicators of an illness; (II) 
check for redness, swelling, pus, or the presence of an 
abscess at wounds and catheter entry points; (III) a complete 
physical examination and evaluation for any underlying 
diseases; (IV) laboratory examinations such as a complete 
blood count (CBC), which looks for an increase in white 
blood cells that fight infections, a urinalysis, which checks 
for white blood cells or other signs of blood in the urinary 
tract, and cultures of the infected area, blood, sputum, 
urine, or other body fluids or tissue to find the etiological 
organism.

Statistical analysis

Chi-square tests and t-tests were employed to examine 
variations in the demographic and socioeconomic variables 
between the 2 groups while evaluating the baseline data. 
The parameters connected to the patients’ ability to live 
with NIs were then found using Pearson correlation 
matrices. After that, we used a logistic regression to 
find the important risk variables connected to patients’ 
living conditions who had NIs and estimated odds ratios. 
(ORs). All the analyses were performed using R 4.1.2 
software (American Statistical Computing R Foundation, 
Vienna, Austria). A bilateral P value <0.05 was considered 
statistically significant.

Logistic regression

A logistic regression is a supervised-learning algorithm for 
predicting relevant categorical target variables. If you have 

a large amount of data to classify, a logistic regression may 
be helpful (20). The principle of logistic regressions has 
been summarized as follows (21): binary logistic regressions 
estimate the likelihood that a characteristic of a binary 
variable is present, given the values of the covariates. 

XGBoost

XGBoost is a distributed gradient boosting library that has 
been developed to be effective, adaptable, and portable. It 
uses the gradient boosting framework to construct machine 
learning algorithms. It offers a parallel tree augmentation to 
quickly and accurately address a variety of data science tasks. 
It has become popular recently, and due to its scalability, 
it dominates the applied machine-learning and Kaggle 
structured data competition. In the machine learning 
algorithms, we put infection status as the outcome variable, 
and all other covariates as the input variables. 

Results

The sample of premature infants comprised an infected 
group with a mean [standard deviation (SD)] age of 
32.4±4.71 weeks, and a non-infection group with a mean (SD) 
age of 35.8±3.75 weeks. In the infected group, 52.8% (n=19) of 
the patients were male, and in the non-infected group, 62.5% 
(n=25) were male. In the infected group, most infants weighed 
<3,000 g (2,656±1,021 g), and in the non-infected group most 
infants weighed >3,000 g (3,000±625 g). In the non-infected 
group, 87.5% (n=35) of the infants had a new standard 
incubator and in the infected group, 77.8% (n=28) had a 
conventional incubator. The paternal age of the infected 
group was 43.1±12.3 years and that of the non-infected 
group was 32.1±8.0 years. The maternal age of the infected 
group was 40.6±11.4 years and that of the non-infected 
group was 30.7±8.37 years (Table 1). In the differences 
analysis of the baseline data, gestational age, incubator type, 
paternal age and maternal age differed significantly among 
the 2 groups.

After an exploratory analysis, the correlations of the 6 
variables were analyzed by a Pearson correlation matrix 
for the further logistic regression (Figure 1). According to 
the matrix, only the paternal age and maternal age were 
correlated. The exploratory factor analysis confirmed a 
limited number of relevant covariates, and thus provided a 
good basis for the logistic regression.

To further analyze the risk levels of the 6 factors, we 
conducted the logistic regression (Table 2) and found 
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Table 1 Demographic information of the included infants

Variables Not infected (N=40) Infected (N=36) P value for T or chi-square test

Gestational age (weeks), mean ± SD 35.8±3.75 32.4±4.71 0.001

Gender, n (%) 0.532

Female 15 (37.5) 17 (47.2)

Male 25 (62.5) 19 (52.8)

Weight (g), mean ± SD 3,000±625 2,656±1,021 0.086

Incubator, n (%) <0.001

Conventional 5 (12.5) 28 (77.8)

New standard 35 (87.5) 8 (22.2)

Paternal age (years), mean ± SD 32.1±8.00 43.1±12.3 <0.001

Maternal age (years), mean ± SD 30.7±8.37 40.6±11.4 <0.001

SD, standard deviation.

that infant infection was correlated with gestational age 
(β=−0.25394, P=0.045) and incubator type (β=−4.45336, 
P=0.0000223). These 2 factors were negatively correlated 
with infant infection.

Further, the logistic model OR results (Table 3) showed 
that gestational age [OR =0.77574, 95% confidence 
interval (CI): 0.583513–0.996354] and the new standard 
incubator (OR =0.011639, 95% CI: 0.000958–0.067897) 
may be protective factors for infant infections during 
hospitalization.

To better prevent NI in newborns, we conducted a 
prediction using machine-learning algorithms, including 
Extreme gradient boosting (XGBoost), random forest (RF), 
support vector machine (SVM) and decision tree (DT). 
To determine which algorithm was best able to predict 
newborn NI, we compared the accuracy, kappa value, 
receiver operator characteristic (ROC) curve, and precision 
recall gain (PRG) curve. As Figure 2 shows, we found that 
XGBoost had the highest value in terms of its accuracy 
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Figure 1 Correlation matrix of the included variables. The Y axis 
means the Pearson correlation coefficient ranged from −1 to 1. 
Paternal.age, paternal age; maternal.age, maternal age; gestational.
age..weeks, gestational age (weeks); weight.g., weight (g). 

Table 2 Logistic regression of the risk factors for infant infection.

Variables β Standard error Z value P value

Gestational age (weeks) –0.25394 0.132894 –1.911 0.045*

Male 0.163905 0.816634 0.201 0.841

Weight (g) 0.000507 0.00069 0.734 0.463

New standard incubator –4.45336 1.050102 –4.241 0.0000223*

Paternal age (years) 0.091865 0.078609 1.169 0.243

Maternal age (years) 0.030938 0.091931 0.337 0.736

*, P<0.05. 
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(0.92) and kappa value (0.84) among the 4 machine-learning 
algorithms.

To further comprehensively evaluate the sensitivity and 
specificity of the XGBoost model, the ROC curve was 
adapted, and the area under the curve (AUC) of XGBoost 
had the highest value (0.93) (Figure 3).

To examine the sensitivity and precision of the XGBoost 
model, the PRG curve was used and XGBoost had the 
best performance (AUC =0.86). All the results proved that 
XGBoost had the best prediction performance in terms of 
accuracy, sensitivity, specificity, and precision. Thus, we 

used XGBoost to predict NIs in newborns (Figure 4).

Discussion

In our research, the baseline analysis showed that 
gestational age, incubator type, paternal age, and maternal 
age differed significantly between the 2 groups. These 
factors might influence infection outcomes in infants. 
After the exploratory factor analysis that confirmed the 
limited correlated covariant, the included variables had a 
limited basis for logistic regression. The logistic regression 
showed that infant infection was negatively related with 
gestational age (β=−0.25394, P=0.045) and incubator type 
(β=−4.45336, P=0.0000223). Further, gestational age had 
an OR of 0.77574 (95% CI: 0.583513–0.996354) and the 
new standard incubator had an OR of 0.011639 (95% CI: 
0.000958–0.067897). These 2 factors might be protective 
factors for infant infections during hospitalization.

The immune system of a newborn is immature. The 
phagocytosis of the reticuloendothelial system and 
leukocytes are weak. The serum complement is lower than 
that of an adult, as is the ability of leukocytes to kill fungi. 
The levels of immunoglobulin G and complement of the 
premature infant are lower than those of a full-term infant, 

Table 3 Odds ratios of the risk factors for infant infection.

Variables OR 95% CI

Gestational age (weeks) 0.77574 0.583513–0.996354

Male 1.178102 0.238722–6.339745

Weight (g) 1.000507 0.999163–1.001942

New standard incubator 0.011639 0.000958–0.067897

Paternal age (years) 1.096217 0.942389–1.289826

Maternal age (years) 1.031421 0.861315–1.244907

OR, odds ratio; 95% CI, 95% confidential interval. 

Figure 2 Dot plot evaluations of the 4 machine-learning algorithms, including XGBoost, RF, SVM, and DT. XGBoost, extreme gradient 
boosting; RF, random forest; SVM, support vector machine; DT, decision tree.
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and it is very easy to develop various infections (22). As 
newborns grow, the risk of infection decreases, which is 
consistent with our findings.

Gray reported that through the establishment of 
the corresponding evaluation standards, neonatology 

departments can strengthen the health and safety 
management of incubators. Controlling neonatal infections 
within a reasonable range also helps to improve the service 
quality of hospitals. Establishing a scientific evaluation 
system of health and safety standards for newborn incubators 
and formulating scientific intervention measures to prevent 
infection should improve the effect of NI control (23). This 
conclusion is consistent with our results.

Among the XGBoost, RF, SVM, and DT algorithms, 
XGBoost had the best performance in terms of accuracy, 
sensitivity, specificity, and precision. This appears to be 
the first study to examine the use of machine-learning 
algorithms in predicting newborn NI, and we found that 
XGBoost is a good prediction algorithm.

Conclusions

In conclusion, health and safety standards for incubators 
play an important protective role in newborn infection 
control, and an early gestational age and incubator standards 
may be risk factors for NIs in newborns. XGBoost can be 
used to predict NI in newborns. However, our study had 
some limitations. First, this study adopted a case-control 
design, rather than a cohort design, which may not be 
used for inferring causality. Second, the study sample size 
was limited, and the study was not conducted at multiple 
centers.
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