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Objectives: Multi-drug resistance (MDR) emerged as a serious threat in intensive care unit (ICU) settings. Our study aimed to 
investigate the major pathogens in ICU and identify the risk factors for MDR infection.
Methods: We performed a retrospective analysis of patients admitted to the ICU. Multivariate logistic regression was applied to 
identify the independent predictors, and then a nomogram to predict the probability of MDR infection.
Results: A total of 278 patients with 483 positive cultures were included. 249 (51.55%) had at least one MDR pathogen, including 
extensively drug-resistant (XDR) 77 (30.92%) and pan drug-resistant (PDR) 39 (15.66%), respectively. Klebsiella pneumonia was the 
most frequently isolated pathogen. We identified the number of bacteria (OR 2.91, 95% CI 1.97–4.29, P < 0.001), multiple invasive 
procedures (OR 2.23, 95% CI 1.37–3.63, P = 0.001), length of stay (LOS) (OR 1.01, 95% CI 1.00–1.02, P = 0.007), Hemoglobin (Hb) 
(OR 0.99, 95% CI 0.98–1.00, P = 0.01) were independent risk factors for MDR infection. Our nomogram displayed good 
discrimination with curve AUC was 0.75 (95% CI: 0.70–0.81). The decision curves also indicate the clinical utility of our nomogram. 
Additionally, the in-hospital mortality with MDR pathogens was independently associated with XDR (HR, 2.60; 95% CI: 1.08–6.25; 
P = 0.03) and total protein (TP) (HR, 0.95; 95% CI: 0.91–0.99; P = 0.03).
Conclusion: The number of bacteria, multiple invasive procedures, LOS, and Hb were the independent predictors associated with 
MDR pathogens. Our nomogram is potentially useful for predicting the occurrence of MDR infection. Besides, we also identify XDR 
and TP as the independent risk factors for in-hospital mortality with MDR infection. The current prevalence of MDR strains was also 
described. The results will contribute to the identification and preventive management of patients at increased risk of infection.
Keywords: multi-drug resistance, intensive care unit, risk factors, nomogram

Introduction
Nosocomial infections are a leading global health issue encountered today.1 This global health problem has been exacerbated 
in recent years due to the increase in multidrug-resistant (MDR) pathogens, with more than 2.8 million antibiotic-resistant 
infections estimated to occur annually in the United States, resulting in 35,000 deaths.2 WHO and many other organizations 
and researchers agree that the spread of MDR is an urgent problem that requires a coordinated global action plan to address.3–5

Due to the high frequency, high dose and long duration of antibiotic use in ICU patients, compared with patients in other 
departments, the probability of infection with MDR bacteria is increased.6 According to the data of the Chinese Antimicrobial 
Resistance Surveillance System (CARSS) and Chinese Antimicrobial Surveillance Network (CHINET), carbapenem- 
resistant Klebsiella pneumoniae (CRKP) increased from 3.0% in 2005 to 20.9% in 2017.7 Similarly, an increasing trend in 
MDR has been seen in most bacteria studied in some European intensive care units (ICUs).8 For instance, a study from Luna 
reported that in developed countries, 3% to 12% of hospitalized patients develop healthcare-associated infections, of which 
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about a quarter occur in ICU Settings, with high rates of antimicrobial resistance and mortality.9 While Shi et al assessed that 
nosocomial infections caused by MDR and extensively drug-resistant (XDR) Acinetobacter baumannii are associated with 
high mortality in the ICU.10 Indeed, antimicrobial resistance is a particular challenge in the ICU.11 One major challenge in 
tackling MDR is understanding its prevalence, risk factors, mortality, etc., especially in areas with little surveillance and sparse 
data. However, the pattern of MDR pathogens responsible for nosocomial infections appears to be changed geographically and 
temporally. While a particular MDR may be endemic in one region, the same pathogen may be rare in other areas.12 Therefore, 
local epidemiological characteristics are key in determining the preferred strategy for combating MDR.

In the present study, we have outlined the prevalence and epidemiology of various MDR bacteria in the ICU. We also 
dissected the risk factors between MDR and no-MDR. Further, we established a risk-predictive nomogram for patients 
with MDR infection. Besides, the risk factor and in-hospital mortality of patients with MDR also be assessed. We hope 
that this analysis will serve as a starting point to improve the identification and preventive management of patients at 
increased risk of infection and to improve clinical outcomes for patients.

Patients and Methods
Study Setting and Data Collection
We performed a retrospective study from January 2021 to March 2022 in the ICU of the Southern Medical University of Shunde 
Hospital, Foshan City, Guangdong Province, China. All patients (aged ≥18 years) who were admitted to ICU and had at least one 
positive microbiological culture were included in the study. The drug susceptibility results of the same strain of each patient were 
analyzed only once, and the repeated culture strains were excluded. We reviewed patients’ medical records and collected the 
following data: age, gender, co-morbidities, length of stay (LOS), underlying diseases, number of invasive procedures or 
surgeries during hospitalization, septic shock, antimicrobial susceptibility tests (ASTs) results. The levels of total protein (TP 
(reference range:60–80g/L)), albumin (ALB), blood urea nitrogen (BUN), creatinine (Cr), leucocyte count (WBC), red blood cell 
count (RBC), Hemoglobin (Hb), and procalcitonin (PCT). The primary clinical outcome was in-hospital mortality. The study 
protocol was approved by the Institutional Review Board of Shunde Hospital of Southern Medical University.

Study Groups and Definitions
The patients were divided into two groups according to the results of bacterial drug susceptibility cultured during hospitaliza-
tion. Patients with at least one MDR bacteria were assigned to the MDR group, and those who grew only non-MDR organisms 
on all cultures during hospitalization were assigned to the non-MDR group. MDR refers to bacteria that are resistant to 3 or 
more classes of antibiotics simultaneously.13–15 Besides, all Vancomycin-resistant Enterococcus (VRE), methicillin-resistant 
Staphylococcus aureus (MRSA), carbapenem-resistant Enterobacterales (CRE), and extended-spectrum β-lactamase (ESBL) 
Enterobacterales are also considered as MDR.16 An ESBL-producing Enterobacterales refers to those resistant to the 
first, second, and third-generation cephalosporins or reported to produce ESBL according to the results of the modified 
Hodge test.17 CRE was defined as Enterobacterales that were resistant to carbapenem antibiotics. Extensively drug-resistance 
(XDR) was defined as insensitivity to all classes of antibiotics (at least one in each class) except one or two classes.13,14 Pan 
drug-resistant (PDR) refers to insensitivity to all drugs in all antimicrobial classes.13,14

Diagnostic and Drug Susceptibility Test
Clinical specimens were identified after conventional culture, and related operations were completed by the hospital’s 
microbiology laboratory. Vitek 2 system (Biomerieux, France) was used for species identification and antibiotic 
sensitivity test. The minimum inhibitory concentration was established according to the Clinical and Laboratory 
Standards Institute (2019) guidelines.18 Specimen sources include a respiratory sample (sputum, bronchoalveolar lavage, 
and nasopharyngeal swabs), blood, secretions, catheters, and sterile body fluids (pleural and abdominal fluid, cerebrosp-
inal fluid, pus, and various puncture fluids).
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Statistical Analysis
Continuous variables were performed using the Mann–Whitney U-test, while the categorical variables were analyzed 
using chi-square tests. Continuous variables were expressed as the median and interquartile range (IQR), whereas the 
categorical variables were presented as numbers and percentages. Risk factors for MDR were explored using univariate 
and multivariate logistic regression analyses. A Cox regression analysis was conducted to reveal the independent 
variables for in-hospital mortality. The results were listed as odds ratio (OR) or hazard ratio (HR) and 95% confidence 
intervals (CIs). Kaplan–Meier (KM) survival curves were generated with Log-rank test analysis. The nomogram was 
constructed performing with the “rms” package. P < 0.05 was considered statistically significant, and all tests were two- 
tailed. All statistics were analyzed using R version 3.6.3 (The R Foundation, Vienna, Austria).

Results
Patient Characteristics
A total of 278 patients were enrolled in the study. The median age was 65 years (IQR 50.25–73 years), and 202 (72.66%) 
were male. The details of demographic and clinical characteristics are shown in Table 1. The number of bacteria≥3 
(25.09% vs 5.63%), multiple invasive procedures (60.84% vs 41.07%), and LOS (27 (14.25–47) day vs 19.5 (9– 
36.25) day) were significantly high in MDR group as compared to the no-MDR cohort. The Hb in the MDR group 
was lower than that in the no-MDR group (89 (77.25–102.75) g/L vs 96 (80–115) g/L).

Distribution Characteristics of Pathogen ICU Patients
483 strains were isolated from 278 ICU patients, with an incidence shown in Table 2. The majority were 
Enterobacterales species 192 (39.75%), followed by Acinetobacter spp. 68 (14.08%), Pseudomonas spp. 66 (13.66%), 
Staphylococcus spp. 44 (9.11%), and Enterococcus spp. 34 (7.04%). Specifically, for all pathogens, gram-negative 
bacteremia (GNB) accounted for 364 (75.36%). Klebsiella pneumoniae 104 (28.57%) is the main species, followed by 
Acinetobacter baumannii 65 (17.85%), Pseudomonas aeruginosa 59 (16.21%), and Escherichia coli 52 (14.29%).

Table 1 Clinical and Demographic Characteristics of the ICU Patients

Total (n=278) MDR (n=166) Control (n=112) p

Male sex 202(72.66) 125(75.30) 77(68.75) 0.29

Age 65(50.25–73.00) 64(50.25–72.75) 66(50.75–73.25) 0.89

Number of bacteria ≥3 49(17.63) 43(25.09) 6(5.36) <0.001

Diabetes 57(20.50) 31(18.67) 26(23.21) 0.44

Leukemia 4(1.44) 4(2.41) 0(0) 0.25

Chronic renal disease 28(10.07) 15(9.04) 13(11.61) 0.62

Chronic lung disease 19(6.83) 13(7.83) 6(5.36) 0.58

Autoimmune disease 8(2.88) 6(3.61) 2(1.79) 0.60

Malignant tumor 49(17.63) 34(20.48) 15(13.39) 0.17

Septic shock 120(43.17) 77(46.39) 43(38.39) 0.23

Shock from other causes 74(26.62) 47(28.31) 27(24.11) 0.55

Cardiovascular and cerebrovascular diseases 66(23.77) 36(21.69) 30(26.79) 0.40

Bloodstream infection 64(23.02) 40(24.10) 24(21.43) 0.71

(Continued)
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Prevalence of MDR Bacteria
A summary of total positive cultures and patients with positive cultures is presented in Table 3. Of the 483 positive 
cultures from 278 patients, 249 (51.55%) had at least one MDR pathogen, including XDR 77 (30.92%) and PDR 39 
(15.66%), respectively. In addition, MRSA, ESBL, CRE, Carbapenem-resistant Pseudomonas aeruginosa (CRPA), 
Carbapenem-resistant Acinetobacter baumannii (CRAB), and VRE isolated from all positive cultures were 7 (1.45%), 

Table 1 (Continued). 

Total (n=278) MDR (n=166) Control (n=112) p

Combined with other infections 238(85.61) 147(88.55) 91(81.25) 0.13

Multiple invasive procedures 147(52.88) 101(60.84) 46(41.07) 0.002

LOS 25(11–44) 27(14.25–47) 19.5(9–36.25) 0.01

In-hospital mortality 39(14.03) 28(16.87) 11(9.82) 0.14

TP, g/L 54.8(47.65–62.08) 54.2(48.13–61.63) 55.4(47.15–62.25) 0.86

ALB, g/L 29.6(25.52–33.6) 29.65(26.33–33.68) 29.5(25.03–33.45) 0.45

BUN, mmol/L 9.80(6.17–16.35) 9.56(6.32–16.16) 9.93(6.10–16.83) 0.69

CR, umol/L 94.7(62.23–168.6) 93.8(55.15–165.78) 95.6(69.6–178.15) 0.15

WBC, 109/L 11.5(7.80–16.05) 11.33(7.89–16.71) 11.59(7.73–15.60) 0.56

RBC, 1012/L 3.12(2.67–3.75) 3.08(2.66–3.58) 3.19(2.71–3.92) 0.29

Hb, g/L 91.5(78–108) 89(77.25–102.75) 96(80–115) 0.01

PCT, ug/L 3.07(0.56–15.48) 3.10(0.60–13.85) 3.07(0.53–17.31) 0.84

Note: Data expressed as median (IQR) or n (%). 
Abbreviations: ICU, intensive care unit; LOS, length of stay; TP, Total protein; ALB, serum albumin; BUN, blood urea nitrogen; Cr, creatinine; WBC, leucocyte 
count; RBC, red blood cell count; Hb, Hemoglobin; PCT, procalcitonin.

Table 2 Distribution of Main Pathogenic Bacteria in ICU Patients

Species Total Positive Cultures (n=483) No-MDR Cultures (n=234) MDR Cultures (n=249)

Enterobacterales 192(39.75) 71(30.34) 121(48.59)

Escherichia coli 52/192(27.08) 13/71(18.31) 39/121(32.23)

Klebsiella pneumoniae 104/192(51.17) 39/71(54.93) 65/121(53.72)

Acinetobacter spp. 68(14.08) 13(5.56) 55(22.09)

Acinetobacter baumannii 65/68(95.59) 11/13(84.62) 54/55(98.18)

Pseudomonas spp. 66(13.66) 36(15.38) 30(12.05)

Pseudomonas aeruginosa 58/66(87.88) 34/36(94.44) 24/30(80.00)

Staphylococcus spp. 44(9.11) 26(11.11) 18(7.23)

Staphylococcus aureus 32/44(72.72) 22/26(84.62) 10/18(55.56)

Enterococcus spp. 34(7.04) 12(5.13) 22(8.84)

Other 79(16.36) 76(30.52) 3(1.20)

Note: Data expressed as n (%).
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93 (19.25%), 54 (11.18%), 15 (3.11%), 51 (10.56) and 0 (0%). Among 278 patients, 166 (59.71%) had at least one MDR 
pathogen. Of the 166 patients, XDR 47 (28.31%) and PDR 38 (22.89%) pathogens grew, respectively. The pathogens of 
MRSA 6 (2.16%), ESBL 89 (32.01%), CRE 53 (19.06%), CRPA15 (5.40%), CRAB51 (18.35%), and VRE 0 (0%) were 
found in all patients.

Presentation of a Prediction Model for Patients with MDR
Potential predictors with a P-value < 0.3 in the univariate logistic regression analysis were included in multivariate 
analyses (Figure 1A). The multivariate analysis revealed that the variable associated with MDR pathogens were 
(Figure 1B): number of bacteria (OR 2.91, 95% CI 1.97–4.29, P < 0.001), multiple invasive procedures (OR 2.23, 
95% CI 1.37–3.63, P = 0.001), length of stay (OR 1.01, 95% CI 1.00–1.02, P = 0.007), Hb (OR 0.99, 95% CI 0.98–1.00, 
P = 0.01). And then, we construct a nomogram based on the above independent factors to predict the probability of the 
occurrence of MDR infection in ICU patients. (Figure 2A). Immediately, the ROC curve was drawn to validate the 
predictive accuracy of the nomogram (Figure 2B). The ROC results had areas under the curve of 0.75 (95% CI: 0.70– 
0.81), indicating good discrimination. Additionally, Figure 2C shows the decision curve for the nomogram. The 
nomogram-based decisions demonstrated superior net benefit, indicating the clinical utility of our nomogram.

Predictors of In-Hospital Mortality in Patients with MDR Pathogens
We performed Cox regression analyses in MDR patients to identify independent in-hospital mortality of risk factors 
associated with MDR pathogens. The results showed that XDR (HR, 2.60; 95% CI: 1.08–6.25; P = 0.03) and TP (HR, 
0.95; 95% CI: 0.91–0.99; P = 0.03) were the independent factors for fatal outcomes (Figure 3). In addition, the KM curves 
were plotted to confirm that infection with XDR (P =0.02) or PDR (P =0.02) has a higher risk of mortality (Figure 4).

Discussion
MDR has emerged as one of the most serious threats, particularly in the ICU of the hospital. An estimated 4.95 million 
deaths were associated with MDR infections globally in 2019, including 1.27 million deaths directly attributable to drug 
resistance.19 Despite the importance of epidemiology and the generation of large amounts of clinical data, patterns of 
MDR vary geographically, with different pathogens and pathogen-drug combinations predominant in different regions. 

Table 3 The Incidence of MDR Pathogens in ICU Patients

Total Positive Cultures (n=483) Positive Culture Patients (n=278)

No-MDR 234(48.45) 112(40.29)

MDR 249(51.55) 166(59.71)

XDR 77/249(30.92) 47/166(28.31)

PDR 39/249(15.66) 38/166(22.89)

ESBL 93/483(19.25) 89/278(32.01)

CRE 54/483(11.18) 53/278(19.06)

CRPA 15/483(3.11) 15/278(5.40)

CRAB 51/483(10.56) 51/278(18.35)

VRE 0/483(0.00) 0/278(0.00)

MRSA 7/483(1.45) 6/278(2.16)

Note: Data expressed as n (%). 
Abbreviations: MDR, multidrug-resistant; XDR, Extensively drug resistance; PDR, pan drug resistant; ESBL, 
extended-spectrum β-lactamase; CRE, carbapenem-resistant Enterobacteriaceae; CRAB, carbapenem-resistant 
Acinetobacter baumannii; CRPA, carbapenem-resistant Pseudomonas aeruginosa; MRSA, methicillin-resistant 
Staphylococcus aureus; VRE, Vancomycin-resistant Enterococcus.
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Additionally, the evidence supporting the management of MDR infection remains patchy. To improve the effectiveness of 
empirical and targeted therapy, we evaluated local prevailing pathogens in ICU patients, assessment of risk factors for 
MDR microorganisms, and established a nomogram for predicting MDR infection.

In this retrospective, 278 patients were enrolled, including 166 patients with MDR and 112 with no MDR. We 
identified that number of bacteria, multiple invasive procedures, LOS, and Hb were associated with MDR pathogens. 
Thus, a nomogram with 4 independent predictors was constructed to predict the probability of the occurrence of MDR 
infection in ICU patients. A significant advantage of our nomogram is that all parameters are available from laboratory 
data or routine examinations. Further, the nomogram is a simple and practical clinical system. As long as the results of 

Figure 1 Forest plot of predictive factors for MDR infection in ICU patients. (A) Univariate logistic regression analysis of the risk factors for MDR infection in ICU patients; 
(B) multivariate logistic regression analysis of independent predictors of MDR infection. 
Abbreviations: CI, confidence interval; ICU, intensive care unit; OR, odds ratio; LOS, length of stay; TP, total protein; ALB, serum albumin; BUN, blood urea nitrogen; Cr, 
creatinine; WBC, leucocyte count; RBC, red blood cell count; Hb, Hemoglobin; PCT, procalcitonin.
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the correlation factors are entered into the nomogram, the corresponding results are easily obtained. Thus, our nomogram 
could help clinicians quickly identify high-risk patients and make management decisions. The area under the ROC curve 
was 0.75, which displayed good discrimination ability for predicting MDR pathogens. Additionally, the nomogram-based 
decision curve demonstrated superior net benefit, indicating the clinical utility of our nomogram.

A recent study reported that male sex, CRP levels, and Pitt scores were independent predictors of MDR organism 
colonization or infection in ICU patients.20 The nomogram established in the present study incorporated four factors, 
number of bacteria, multiple invasive procedures, LOS, and Hb. Many previous studies showed prolonged hospital length 
of stay was a possible risk factor for MDR.21–23 Similarly, invasive procedures were also confirmed as an independent 
risk factor in some studies including our study.24–28 Compared with previous assessments, we also found some novel risk 
factors, including multiple bacterial infections and low Hb. Infection with MDR organisms causes significant mortality in 
hospitalized patients.27 As expected, XDR and TP were found to be independent predictors of in-hospital mortality. The 

Figure 2 (A) The nomogram to predict the occurrence of MDR infection in ICU patients. This nomogram provides a method to predict the probability of occurrence of 
MDR infection based on the number of bacteria, multiple invasive procedures, length of stay, and Hb. (B) The receiver operating characteristic curves for the nomogram. (C) 
Decision curves for the overall incidence of MDR infection based on the nomogram. The green dotted line: predicts the net benefit for all patients; the blue dotted line: 
predicts the net benefit of no patient; Red line: net benefit to patients as predicted by nomogram. 
Abbreviation: Hb, Hemoglobin.
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KM curve further confirms that infection with XDR (P =0.02) or PDR (P =0.02) has a higher risk of in-hospital mortality, 
in line with previous research.29–31

Another main objective of this study was to evaluate the incidence of MDR organism infections in ICU patients. 
Strikingly, in our study, the incidence of MDR organisms accounted for 59.71% of patients, quite higher than the global 
prevalence of infections sustained by MDR organisms.28 The incidence of XDR and PDR pathogens was 28.31% and 
22.89%, respectively, far higher than previously reported.26 Significant differences in bacterial distribution and types 

Figure 3 Forest plot of predictors of in-hospital mortality in patients with MDR pathogens. (A) Univariate Cox regression analysis of the risk factors of in-hospital mortality 
in patients with MDR pathogens. (B) Multivariate logistic regression analysis of independent predictors of in-hospital mortality in patients with MDR pathogens. 
Abbreviations: CI, confidence interval; ICU, intensive care unit; HR, hazard ratio; XDR, extensively drug-resistance; PDR, pan drug-resistant; TP, total protein; ALB, serum 
albumin; BUN, blood urea nitrogen; Cr, creatinine; WBC, leucocyte count; RBC, red blood cell count; Hb, Hemoglobin; PCT, procalcitonin.
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across geographic regions. Wang20 showed that Acinetobacter baumannii (n = 62, 30.0%) was the most common gram- 
negative bacteria in the ICU, while the main pathogen in our study was Klebsiella pneumoniae. At this point, monitoring 
the demographics, prevalence trends, and transmission of patients with MDR infection can help control these infections 
and improve patient outcomes. Efforts should be made to limit the spread of multidrug-resistant bacteria, especially 
multidrug-resistant Klebsiella pneumoniae in our region.

In conclusion, the number of bacteria, multiple invasive procedures, LOS, and Hb were the independent predictors 
associated with MDR pathogens. The nomogram to Predict the probability of MDR infection was constructed based on the 
risk factors, and it showed good discrimination ability and clinical utility. Thus, our nomogram is available for clinicians to 
identify patients at high risk for MDR infection. Future prospective studies should be conducted to verify the predictive value 
of the model. Besides, we also identify XDR and TP were the independent risk factors for in-hospital mortality among ICU 
patients with MDR infection. The KM curve further confirms that infection with XDR or PDR has a higher risk of in-hospital 
mortality. Our study also describes the current prevalence of MDR strains in the ICU. The regional estimates may be useful to 
adjust local responses and provide data to support future comprehensive assessments. Identifying risk factors and taking 
appropriate measures against them or microbiological screening of patients can reduce MDR infection.32 It also reported that 
additional infection control nurse positions could significantly reduce MDR transmission.33 In addition, reducing the use of 
invasive devices, hand hygiene, and antimicrobial management remains the optimal treatment strategy for managing MDR.27 

All in all, the principles of infection prevention and control remain the foundation of widespread infection prevention and the 
cornerstone of curbing the spread of drug resistance.34,35 Additionally, given the limited options available for treating bacterial 
infections with MDR, new antibiotics should be developed.

Abbreviations
MDR, multidrug-resistant; XDR, Extensively drug resistance; PDR, pan drug resistant; ESBL, extended-spectrum β- 
lactamase; CRE, carbapenem-resistant Enterobacterales; CRAB, carbapenem-resistant Acinetobacter baumannii; CRPA, 
carbapenem-resistant Pseudomonas aeruginosa; MRSA, methicillin-resistant Staphylococcus aureus; VRE, Vancomycin- 
resistant Enterococcus; ICU, intensive care unit; LOS, length of stay; TP, Total protein; ALB, serum albumin; BUN, blood 
urea nitrogen; Cr, creatinine; WBC, leucocyte count; RBC, red blood cell count; Hb, Hemoglobin; PCT, procalcitonin.

Figure 4 Kaplan–Meier survival curves estimate the mortality among patients with XDR or PDR. 
Abbreviations: XDR, Extensively drug-resistance; PDR, pan drug-resistant.
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