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Abstract
Background: The risk factors for multi-drug resistant infection (MDRI) in the pediatric intensive care unit (PICU)
remain unclear. It’s necessary to evaluate the epidemiological characteristics and risk factors for MDRI in PICU, to
provide insights into the prophylaxis of MDRI clinically.
Methods: Clinical data of 79 PICU children with MDRI were identified, and 80 children in PICU without MDRI in the
same period were selected as control group. The related children’s characteristics, clinical care, microbiologic data,
treatments provided, and outcomes of the patients with were reviewed and collected. Univariate and multivariate
logistic regression analyses were performed to identify the potential risks of MDRI in PICU.
Results: Of the diagnosed 79 cases of MDRI, there were28 cases of CR-AB, 24 cases of MRSA, 22 cases of PDR-PA,3
cases of VRE and 2 cases of CRE respectively. Univariate analyses indicated that the length of PICU stay, the duration
of mechanical ventilation > 5 days, parenteral nutrition, coma, urinary catheter indwelling, invasive operation, 2 or
more antibiotics use were associated with MDRIs (all p < 0.05); The logistic multiple regression analyses indicated
that coma, parenteral nutrition, 2 or more antibiotics use and the duration of mechanical ventilation > 5 days were
independent risk factors associated with MDRI (all p < 0.05).
Conclusions: This present study has identified several potentially modifiable risk factors for MDRI in PICU, it’s
conducive to take appropriate measures targeting risk factors of MDRI for health care providers to reduce MDRI.
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Background
In recent years, the incidence and drug resistance of
multi-drug resistant infections (MDRI) have shown a
rapid growth trend [1]. Particularly, the emergence of
a large number of pan-drug resistant strains poses
great difficulties for treatment of pediatric patients
[2]. The intensive care unit has become a high-risk
area for hospital-acquired infections and drugresistant strains regarding its large number of special
susceptible populations and its special diagnosis and
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treatment environment, especially in the pediatric intensive care unit (PICU) [3]. PICU patients are particularly susceptible to nosocomial infections, the
potential reasons may include that the use of invasive
devices and procedures in this critically ill patient
group, and the children’s immune function is relatively incompletely developed [4]. Although a serious
infection may prompt the entry to PICU, MDRI may
be a post-hospital complication, potentially life threatening for children [5]. Many previous studies [6–8]
have indicated that the incidence of nosocomial infections caused by antibiotic-resistant organisms is increasing. The prevalence of hospital-acquired or
nosocomial infections in pediatric patients ranges
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from 10 to 25% in PICU [9, 10]. Therefore, the control of infection in PICU is very important.
Understanding the reasons behind that is very essential.
Certain risk factors are associated with nosocomial infections caused by drug-resistant organisms. In adult patients
with interstitial transfer, long-term hospitalization, gastrointestinal surgery and transplantation, as well as exposure
to all types of invasive devices and exposure to previous
antimicrobial agents are closely associated with MDRI in
ICU [11]. It’s been reported [12] that Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus (VRE),
Carbapenem-based antibacterial drug Acinetobacter baumannii (CR-AB) are the three commonly-seen multi-drug
resistant bacteria. In PICU, considering that the low immunity, serious condition, long hospitalization, mechanical ventilation, invasive examination and other factors
related to the treatment of children, the incidence of
MDRIs increases significantly, posing a great threat to
children [4, 13].
Therefore, it is necessary to analyze the risk factors for
MDRIs in PICU, to understand characteristics of MDRIs
in PICU, thereby providing a basis for developing related
treatment and nursing strategies for the prophylaxis and
management of MDRIs in PICU.

Methods
Study design

A cases and controls study.
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ciprofloxacin, gentamicin, piperacillin, trimethoprim/sulfamethoxazole, carbapenem and amikacin [14, 15]. Bacterial
isolation and antimicrobial susceptibility testing were performed according to the method of the Clinical and Laboratory Standards Institute [16].
Invasive operation was defined as having inserted or
indwelling catheters or tubes, such as the status of
mechanic ventilation.
Drug sensitivities was conditions which exist due to
the natural variation in patients’ metabolism of drugs.
Some people may react to them faster than others, and
some people may have a lower threshold to the effects
of drugs than others. The effects caused by this lower
threshold was defined as drug sensitivities, which was
performed in the laboratory room in our hospital.

Data collection

The cases were reviewed in the microbiology and inspection laboratory database by searching for at least 2 positive
cultures. And the medical records of the cases were obtained from the medical record archives. The
demographics-related information, regarding clinical care,
microbiologic data, treatments provided, and outcomes of
the patients with were reviewed and collected. Main contents including the name, gender, age, the length of ICU
stays, infection site, operation, invasive operation, antibiotic use, and drug sensitivity were collected. All the data
were analyzed after double-entry check.

Setting

Three PICUs of one tertiary children’ hospital were included, of which the microbial identification results are
homogeneous and are regulatory accepted by each other.
Nine hundred six patients who were hospitalized in ICU
during the period of July 1st 2018 to June 30th 2019
were identified, of which 79 Children were diagnosed as
MDRI. Therefore, we included those 79 children with
MDRI as participants in the present study, and repeated
strains isolated from the same patient in the same part
of the specimen were excluded. In the same period, 80
children in PICU without MDRI were selected as the
control group, we have included the children with the
same diagnosis with the cases as controls.
We used following methods to control the quality of
sputum samples: when being under laboratory microscope, the squamous epithelial cells in the low fold field
of vision < 10 and the white blood cells > 25 were defined as qualified samples. And all the specimens were
sent to the laboratory room for bacteria analysis.
Definitions

MDRI was defined as having an isolate resistant to more
than three kinds of the following antimicrobial or antimicrobial groups: ampicillin/sulbactam, aztreonam, ceftazidime,

Statistical analysis

All of the statistical analyses were conducted using SPSS
21.0 (SPSS Inc., Chicago, USA). Categorical variables
were analyzed using the χ2 test or Fisher’s exact test, and
continuous variables were analyzed using Student’s t test
or Mann-Whitney U test, and were generally presented
as means and standard deviation. Multivariate logistic
regression analyses were performed using the forward
likelihood ratio selection method to identify independent
factors of MDRI and it is presented with an odds ratio
(95% confidence intervals, CI). Potential candidate variables were those with P < 0.05 in univariate analyses. All
of the P values were 2 tailed, and P < 0.05 was considered as being statistically significant.

Results
The distribution of MDRI bacteria

Of the diagnosed 79 cases of MDRI, there were 28
cases of CR-AB, 24 cases of MRSA, 22 cases of PDRPA,3 cases of VRE and 2 cases of CRE respectively.
The distribution of infected multidrug-resistant bacteria is presented in Fig. 1.
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removing the related data of included participant one by
one to detect the potential results bias, and no significantly different results were found.

Discussion
In this present study, the incidence of MDRIs in the
three PICUs was 8.72% (79/906), which is significantly
lower than that of previous reports with incidence of
MDRIs ranging from 10 to 25% in PICU [9, 10]. Previous studies [17–19] have reported that the patients with
MDRI were hospitalized and treated in the ICU for considerably longer stay and had lower survival rates compared to other patient groups. Identifying risk factors for
infection development caused by multidrug-resistant
bacteria can help health care providers prevent nosocomial infections. This becomes even more important if
we consider the slow drug development of new effective
anti-bacteria and the rising prevalence of MDRI, especially in the PICU. The results of this present study have
revealed that coma, parenteral nutrition, 2 or more antibiotics use and the duration of mechanical ventilation >
5 d are independent risk factors associated with MDRIs
in PICU. To the best of our knowledge, very few studies
focus on the MDRIs in PICU, so we believe that the
present study can provide some evidences for the
prophylaxis of MDRIs.
Infected patients are mainly concentrated in the coma
population of children. Coma patients have higher risk
of infection due to more basic diseases and low immunity [20]. There are many types of diseases in the ICU,
the coma children in PICU are usually seriously ill and
the treatment periods are longer [2, 21]. The extension
of the ICU stay increases the use of antibiotics, invasive
operation and cross-infection between patients. Besides,
the body’s own pathogens may shift to other tissues and
organs, leading to endogenous infections [22]. As the
hospitalization period is extended, the patient’s medical
expenses will also increase, and the human-borne pathogens can invade the body, causing exogenous infections,
thus the risk of MDRI can increase [23]. Usually, the
beds in the ICU are very few, and the increase of MDRI
makes the medical resources not properly configured.
Previous studies [24, 25] have concluded that the
hospitalization time of patient needs to be strictly

Fig. 1 The distribution of infected multidrug-resistant bacteria

The source of MDRIs from clinical specimens

As Table 1 showed, of the 79 cases of MDRIs, 43 cases
were detected in the whole blood, 23 cases in sputum, 5
cases in drainage fluid, 5 cases in central venous catheter
tip and 3 cases in other source.
Univariate analysis on the risk factors of MDRIs

As Table 2 presented, The length of PICU stay, the duration of mechanical ventilation > 5 d, parenteral nutrition, coma, urinary catheter indwelling, invasive
operation, 2 or more antibiotics use were associated with
MDRIs (all p < 0.05), but the gender, age, mechanical
ventilation, PICC insertion, application of hormones
were not associated with MDRIs (all p > 0.05).
Multivariate regression analysis on the risk factors of
MDRIs

Unconditional logistic multiple regression analyses were
further performed on the seven variables with significant
differences in univariate analysis, the logistic multiple regression analyses indicated that coma, parenteral nutrition, 2 or more antibiotics use and the duration of
mechanical ventilation > 5 d were independent risk factors associated with MDRIs respectively (Table 3).
Subgroups sensitivity analyses

We didn’t perform any subgroup analyses with consideration to that the sample size in this present study is very
limited. However, we did sensitivity analyses by
Table 1 Source of MDRIs from clinical specimens
Bacteria

Whole blood

Sputum

Drainage fluid

Central venous catheter tip

Others

CR-AB(n = 28)

19

5

2

2

0

MRSA(n = 24)

4

15

1

3

1

PDR-PA(n = 22)

17

2

1

0

2

VRE(n = 3)

2

0

1

0

0

CRE(n = 2)

1

1

0

0

0

Total

43

23

5

5

3
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Table 2 Univariate analysis on the risk factors for the infection of multidrug-resistant bacteria
Factors

Infection group (n = 74)

Control group (n = 80)

χ2/t

Male/female

41/33

44/36

13.07

p
0.052

Age (years)

5.08 ± 1.37

5.12 ± 1.18

2.40

0.065

The length of PICU stay (days)

30.48 ± 5.11

15.09 ± 3.85

18.49

0.007

Mechanical Ventilation

46

52

4.29

0.053

The duration of mechanical ventilation > 5 d

30

2

6.03

0.001

PICC insertion

39

36

4.11

0.071

Parenteral nutrition

63

10

11.04

0.010

Coma

28

11

8.25

0.016

Urinary catheter indwelling

40

17

4.39

0.008

Application of hormones

49

42

15.30

0.084

Invasive operation

68

27

8.49

0.012

2 or more antibiotics use

52

25

10.67

0.009

When the antibiotic used by the patient reaches or is
about to reach the sublethal dose, the selective pressure
of the antibiotic can force the change of body’s behavior,
physiology and biochemistry [36]. The gene and protein
expression of the resistant bacteria will change, the protective defense and immunity of the body will gradually
weaken, and the risk of MDRI elevates [37]. China is a
large country with massive use of antibiotics, and the
frequency of antibiotics use is very high [38, 39]. It’s
been reported [40, 41] that almost 80% hospitalized patients in China have been prescribed antibacterial drugs,
and the use of broad-spectrum antibiotics is 28% higher
than the average antibiotics use globally. There is a close
correlation between the amount of antibiotics used and
bacterial resistance. ICU has higher pathogen composition ratio and bacterial resistance [34], thus it’s necessary to fully grasp the basic information of bacterial
epidemiology in ICU, and control the resistance of various drug-resistant bacteria with different antibiotics, to
provide basis for MDRI treatment and strategies.
It must be mentioned that the findings of our study
should be interpreted with the consideration of potential
limitations. Firstly, it should be acknowledged that, due
to the innate limitations of retrospective studies, a significant proportion of the children had more than one
incidence of infection, but only one incidence per patient was analyzed. Secondly, there is ample room for
improvement in the explanation of the rationale to include cases, and specially, for the justification of

controlled, which is one of the effective measures to prevent MDRI.
Mechanical ventilation can significantly increase the
chance of respiratory infection [26, 27]. The establishment of an artificial airway in an ICU patient results in
the disappearance of the natural barrier of the upper respiratory tract and direct communication of the lower
respiratory tract with the outside air. Various invasive
medical procedures potentially increase the risk of infection in the lower respiratory tract [28]. The establishment of the artificial airway opens the respiratory
pathway for the patient, but long-term mechanical ventilation and open-ended invasive procedures such as suction and fiberoptic bronchoscopy increase the incidence
of VAP [29]. Additionally, resistant bacteria can easily
enter the bloodstream through the damaged blood gas
barrier, causing blood sepsis [30]. Besides, it is often the
case that the maintenance and care of the ventilator tube
is not standardized, or the equipment is not properly
disinfected, which provides a shortcut for the invasion of
the drug-resistant bacteria, which is one of the important reasons for the MDRI in ICU [31, 32]. In clinical setting, special attention should be paid to the patient in
comatose state and with mechanical ventilation length >
5 days. Patients who have been in bed for a long time
are prone to pneumonia.
The use of antibacterial drugs is a key factor related to
bacterial resistance [33, 34]. The selective pressure of
bacteria comes from the use of antibiotic dose [35].

Table 3 Logistic regression analysis on the factors for the infection of multidrug-resistant bacteria
Factors

β

S −x

OR

95%CI

p

Rank

Coma

0.89

0.29

4.38

1.15~9.53

0.048

1

Parenteral nutrition

0.92

0.31

5.31

1.23~10.75

0.031

2

2 or more antibiotics use

1.03

0.45

4.97

1.37~9.86

0.042

3

The duration of mechanical ventilation > 5 d

0.99

0.39

5.67

2.24~13.42

0.019

4
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choosing a case: control ratio of 1:1, when the customary
ratio is to have at least 2 controls for each case. The
relatively limited number of cases included in this
present analysis may not be powered enough to detect
the potential risk factors for MDRIs, future studies with
larger sample and broader areas are needed to identify
the MDRIs risks. Despite these shortcomings in this
study, the results of this study may still lend some inspiration for clinical health workers, as this is the first
analysis of the risk factors for the development MDRI in
PICU.
In conclusion, this present study has revealed that
coma, parenteral nutrition, 2 or more antibiotics use and
the duration of mechanical ventilation > 5 days are independent risk factors associated with MDRIs in PICU.
Based on the evidence provided in this study, specific actions can be taken to improve prevention of MDRIs,
such implementing the post of infection control nurses
et al. [42], which may significantly reduce the MDRIs.
The evidences provided can help critical care providers
in PICU determine the extent to which they can modify
their treatment strategies to achieve optimal clinical
outcomes.
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