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Background: With the increasing number of critically ill patients in the gastroenterology department (GED), infections associated
with Carbapenem resistant gram-negative bacteria (CR-GNB) are of great concern in GED. As the turn-around time (TAT) for
a positive screening culture result is slow, contact precaution and pre-emptive isolation, cohorting methods should be undertaken
immediately on admission for high-risk patients. Accurate prediction tools for CR-GNB colonization in GED can help determine target
populations upon admission. And thus, clinicians and nurses can implement preventive measures more timely and effectively.
Objective: The purpose of the current study was to develop and internally validate a CR-GNB carrier risk predictive nomogram for
a Chinese population in GED.

Methods: Based on a training dataset of 400 GED patients collected between January 2020 and December 2021, we developed
a model to predict CR-GNB carrier risk. A rectal swab was used to evaluate the patients’ CR-GNB colonization status microbiolo-
gically. We optimized features selection using the least absolute shrinkage and selection operator regression model (LASSO). In order
to develop a predicting model, multivariable logistic regression analysis was then undertaken. Various aspects of the predicting model
were evaluated, including discrimination, calibration, and clinical utility. We assessed internal validation using bootstrapping.
Results: The prediction nomogram includes the following predictors: Transfer from another hospital (Odds ratio [OR] 3.48), High
Eastern Cooperative Oncology Group (ECOG) performance status (OR 2.61), Longterm in healthcare facility (OR 10.94), ICU
admission history (OR 9.03), Blood stream infection history (OR 3.31), Liver cirrhosis (OR 4.05) and Carbapenem usage history
within 3 month (OR 2.71). The model demonstrated good discrimination and good calibration.

Conclusion: With an estimate of individual risk using the nomogram developed in this study, clinicians and nurses can take more
timely infection preventive measures on isolation, cohorting and medical interventions.
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Introduction
Carbapenem resistant gram-negative bacteria (CR-GNB), namely, carbapenem-resistant Enterobacteriaceae (CRE) (for

example, Klebsiella pneumoniae, Escherichia coli), Acinetobacter baumannii (CRAB) and Pseudomonas aeruginosa
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(CRPA), is an international and national health issue, because they are emerging causes of healthcare-associated
infections that are of great concern to the public health." As a result of high levels of antimicrobial resistance (AMR),
these bacteria are difficult to treat and are also associated with high mortality.”> Importantly, due to mobile genetic
elements, they may be able to transmit resistance widely.> Over 2.8 million cases and 35,000 deaths per year are reported
by the disease control and prevention (CDC) as a result of infections caused by resistant bacteria.* From 2005 to 2021,
the proportion of carbapenem-resistant Klebsiella pneumoniae (CRKP) in China has increased from 3.0% to 24.4%, and
that of CRAB from 39.0% to 72.3%.> In China, CR-GNB infection rates differed significantly among provinces, with
a high incidence in Zhejiang Province (CRKP 42.2%, CRPA 28.7%, and CRAB 64.7%). This study was conducted at
a tertiary, first-class hospital in the province of Zhejiang, China.

CR-GNB infected patients in intensive care units and hematological malignancy departments are the main subjects of
studies published recently.®’ Relevant data is scanty regarding the CR-GNB carrier status in gastroenterology department
(GED). As technology develops in the field of digestive endoscopy and awareness of early gastrointestinal tumor
screenings increases, more patients with malignant or infectious diseases of the biliopancreatic system and major
gastrointestinal tract surgery history are received in GED.® There is usually a poor prognosis and high mortality rate
associated with CR-GNB infection in these patients. CR-GNB infections in GED patients have increased dramatically in
recent years, which posed a serious health threat to patients.”

A major problem with CR-GNB infections is their high mortality and morbidity rates, as well as their ability to cause
outbreaks and contribute to the spread of resistance. Additionally, it has been recognized that colonization with CR-GNB
usually precedes or co-occurs with CR-GNB infection.'® Therefore, early recognition of CR-GNB colonization in GED
can assist in identifying patients most at risk for subsequent CR-GNB infections. As a result, infection prevention and
control (IPC) measures can be introduced earlier to prevent transmission of pathogens to other patients and the hospital
environment. Furthermore, a detailed understanding of CR-GNB colonization can be useful not only for infection control
but also for antimicrobial stewardship."'

However, it is inevitable that there will be a delay between collecting samples and receiving test results, even with
prompt screening. As the turn-around time (TAT) for a positive screening culture result is slow (4872 h), contact
precaution and pre-emptive isolation, cohorting methods should be undertaken immediately on admission for high-risk
patient and known CR-GN colonized patients to reduce the transmission risk.'? In light of so many associated risk
factors, accurate prediction CR-GNB colonization tools in GED can help determine target populations and make
prevention materials more effective. Since nomograms can yield individual probabilities for clinical events by combining
clinical characteristics, they are currently one of the most widely used prediction tools."* In our study, this nomogram
was used for the first time in predicting CR-GNB carrier status among gastroenterology patients.

Our study aimed to develop a simple but valid prediction tool for the GED to estimate the risk of rectal colonization
with CR-GNB in order to target screening and preventative strategies accordingly upon GED admission.

Methods

Study Design

A retrospective cohort study was conducted in a 120-bed adult gastroenterology department of a government tertiary
hospital in China including CR-GNB -infected patients. As the region is known to be an endemic area for cases of CR-
GNB, a universal rectal swab performed at admission in GED was conducted as part of the hospital’s infection control
policy during this period.'"*'> A total of 3335 patients over the age of 18 years were enrolled in the study, who were
hospitalized in adult GEDs between January 2020 and December 2021. Infection Control Commission (CCIH) active
surveillance protocol was employed for the detection and prevention of CR-GNB in the patients. Based on the guidelines
issued by the National Healthcare Commission of China (NHC), as well as the World Health Organization (WHO) and
the centers for CDC criteria for antimicrobial resistance, the resolution for the study was drafted. CR-GNB carrier status
is detected by screening tests using rectal swabs taken upon admission as part of the active surveillance protocol. Ethics
approval of the research protocol was obtained from the institution’s Research Ethics Committee (ZN2022062).
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Data Collection

Over the course of 2020 and 2021, 3335 records of active CR-GNB surveillance protocol were collected. As a result of
review, we excluded records for patients discharged or died before their first rectal swab collection as well as records for
patients with duplicated or incomplete records due to collection irregularities. A final review of protocol records revealed
that 2020 patients who received CR-GNB screening test between January 2020 and December 2021 were qualified and
then included in the study. Data on demographics, clinical outcomes, and microbiological characteristics of each
individual record were collected, including the patients’ identification record, age, sex, received ward, Eastern

16 clinical diagnosis upon admission, use of gastrointestinal and other

Cooperative Oncology Group (ECOG) score,
interventions, use of antimicrobials before admission. The medical records provided information such as the patient’s
long-term hospitalization history, the history of ICU admission, the history of bloodstream infections, having transferred
from another healthcare facility, the history of chemotherapy, the history of long-term steroids (more than 5 days), and
the history of antibiotic exposure within 3 months prior to admission.

It is possible that estimates may be biased due to previous differences between carrier and non-carrier characteristics.
Propensity score matching (PSM) techniques were used to reduce this bias.'” The propensity to participate in both groups was
estimated using a logistic regression model based on a set of observed covariates. Covariates used in the PSM match (1:1)
were age, gender, and ward admitted. As a result, 200 carriers and 200 non-carriers were enrolled in the study. According to
CDC guidelines, the CR-GNB colonized patients include individuals that were tested positive for CR-GNB cultures and were
clinically diagnosed as CR-GNB carriers. Five days was the average TAT for CR-GNB surveillance results. When CR-GNB
screening cultures were positive, the microbiology laboratory informed the GED’s medical or nursing staff immediately.
Notifications were made in the electronic medical records and prescriptions by the CCIH (Figure 1).

Microbiology

In order to screen for CR-GNB, rectal swabs were directly inoculated onto chromogenic agar plates containing
carbapenem (CHROMagar, France). Cultures from clinical samples and surveillance samples were screened for identi-
fication and susceptibility using an automated system, VITEK2 (BioMe rieux, France). We measured the sensitivity of
imipenem and meropenem using Kirby-Bauer’s method. According to M100-ED30 breakpoints established by the
Clinical and Laboratory Standards Institute (CLSI), the results were interpreted.

Statistical Analysis
Statistics relating to demographics, disease, and treatment are expressed as counts (%). Using the R programming
language (Version 3.1.1; https://www.R-project.org), we performed statistical analysis. Continuous variables are

described as median and interquartile range. The Mann—Whitney U-test was used for statistical comparison between
two groups. Categorical variables were described as total number and percentage, and the chi-square test or Fisher’s
exact test was used for comparison between groups. To select optimal predictive features for risk factors from CR-
GNB colonized patients, we used the least absolute shrinkage and selection operator (LASSO) method, suitable for
reducing high-dimensional data.'® An analysis of the LASSO regression model was conducted to identify features
with nonzero coefficients. After that, the chosen features were incorporated into a multivariable logistic regression
model to build a prediction model.'”*° The features were considered as odds ratio (OR) having 95% confidence
interval (CI) and as P-value. A two-sided significance level was used for all statistical tests. Statistically significant
sociodemographic variables were included in the model, as well as variables pertaining to disease and treatment
characteristics. By using the cohort, all potential predictors were applied in order to create a predicting model for
CR-GNB colonization risk.?' Using calibration curves, we next evaluated the calibration of the colonization risk
nomogram. The presence of a significant test statistic implies that the model is not calibrated perfectly.?
A measurement of Harrell’s C-index was performed to quantify the discrimination performance of the colonization
nomogram. To calculate a relatively corrected C-index, a bootstrapping validation (1000 resamples) was performed
on the colonization nomogram.”> Based on the numerical results from a decision curve analysis, the clinical
usefulness of the colonization nomogram was evaluated at a variety of threshold probabilities by quantifying the
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3335 patients over the age of 18 years were
admitted in gastroenterology department
between January 2020 and December 2021.

Exclusion

e Patients discharged or died before the
first rectal swab collection.

e Patients who had incomplete or
duplicated records.

e Patients who had inconsistent screening
reults.

Y

2020 patients who received CR-GNB
screening test were qualified and then
included in the study.

Figure | Flow chart for patients’ enrollment.
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Y
1:1 Propensity score matching with
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200 Patients were included in the 200 Patients were included in the
case group control group
A4
Univariate and multivariate logistic
analyses
Y

Normogram development

\ 4
Evaluation including
discrimination, calibration, and
clinical utility

net benefits in the GED patients cohort.>* In order to determine the net benefit, we subtracted the proportion of false

positives from the proportion of true positives and assessed the relative harm of not intervening versus the negative

outcomes of an unnecessary intervention.

7764

Dove!

Infection and Drug Resistance 2022:15


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

Results

Patients’ Characteristics

There were 400 patients in total, and the average age was 66.93+17.33 years (range 19-99 years) and a majority (61.5%) of
the population is male. It was discovered that Klebsiella pneumoniae was the most common strain (61%), followed by
Escherichia coli (22%), Enterobacter cloacae (7%), Citrobacter freundii (4%), and Pseudomonas aeruginosa (2%).

The patients were categorized into two groups: (1) colonized patients (n = 200), comprised of patients who tested
positive in the CR-GNB surveillance testing (including colonized-infected patients) and (2) control patients (n = 200),
comprised of patients without CR-GNB colonization (ie, negative surveillance testing). Baseline characteristics are
shown in Table 1. Cases and controls were matched in terms of age, gender and received regular floor ward.

The difference between categorical variables was compared using Chi-square or Fisher’s exact tests. A significant
difference was found between CR-GNB-colonized and control groups in terms of past history of long term in healthcare
facility (6% and 28%, respectively, p < 0.001), ICU admission history (3% and 19%, respectively, p < 0.001), blood
stream infection history within 1 year (6% and 14%, respectively, p = 0.006), transfer from another healthcare facility
(16% and 45%, respectively, p < 0.001), ECOG performance status (PS) (p < 0.001), liver cirrhosis (20% and 45%,
respectively, p = 0.001), steroid more than 5 days (9% and 18%, respectively, p = 0.005) carbapenem usage (15% and
36%, respectively, p < 0.001) and polyantibiotic usage (33% and 48%, respectively, p = 0.002).

Univariate and Multivariate Logistic Regression Analysis for the Risk Factors of
CR-GNB Colonization

To identify the risk factors that exhibited statistical differences between the CR-GNB carrier group and control group,
univariate logistic regression analyses were conducted. It was observed that past history of long term in healthcare

Table | Demographic and Clinical Characteristics of Patients Colonized with CR-GNB and Matched Controls

Variables Controls Cases (CR-GNB Rectal Carriers) Z/X2 P value
N =200 (%) N =200 (%)
N % N %
Age, year 67.1 (64.7-69.5) 66.8 (64.3-69.2) 0.816
Gerder 0.43 0.551
Male 120 60% 126 63%
Female 80 40% 74 37%
Ward 0.18 0914
Ward | 105 53% 101 51%
Ward 2 62 31% 63 32%
Ward 3 33 17% 36 18%
ECOG scores 83.66 <0.001
ECOG scores 0 20 10% 8 4%
ECOG scores | 66 33% 19 10%
ECOG scores 2 72 36% 43 22%
ECOG scores 3 30 15% 98 49%
ECOG scores 4 12 6% 32 16%
Past medical history
Long-term in health care facility within | year I 6% 55 28% 35.13 <0.001
ICU admission history within | year 6 3% 37 19% 25.04 <0.001
Blood-stream infection history within | year I 6% 27 14% 7.44 0.006
Provenance of patient at admission
Transfer from another health care facility 31 16% 89 45% 40.05 <0.001
(Continued)
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Table | (Continued).

Variables Controls Cases (CR-GNB Rectal Carriers) Z/X2 P value
N = 200 (%) N = 200 (%)
N % N %

Diseases

Gastrointestinal bleeding 24 12% 27 14% 0.20 0.653
Inflammatory bowel disease 4 2% 5 3% 0.11 0.737
Severe acute pancreatitis 27 14% 30 15% 0.18 0.668
Acute cholangitis 46 23% 49 25% 0.12 0.724
Cirrhosis 20 10% 45 23% 11.48 0.001
Gastrointestinal tract obstruction 16 8% 15 8% 0.03 0.852
Gastrointestinal cancer 43 22% 40 20% 0.14 0.711
Diabetes 57 29% 60 30% 0.11 0.742
Cardial vascular disease 46 23% 57 29% 1.58 0.210
Cerebral vascular disease 23 12% 26 13% 0.21 0.647
Pulmonary disease 35 18% 41 21% 0.59 0.444
Uremia 5 3% 3 2% 0.51 0.475

Surgery medical history

Bowel diversion surgeries 14 7% 25 13% 3.44 0.064

Endoscopy intervention within | year

Gastroendoscopy 33 17% 36 18% 0.16 0.691
Colonoendoscopy 25 13% 27 14% 0.09 0.766
ERCP 34 17% 40 20% 0.60 0.440

Other interventions within | year

Nasogastric tube 21 1% 17 9% 0.47 0.495
Nasobiliary drainage tube 31 16% 35 18% 0.29 0.590
Small bowel feeding tube 17 9% 22 1% 0.71 0.399
Small bowel decompression tube 8 4% I 6% 0.50 0.481
Colon decompression tube 4 2% 3 2% 0.15 0.703
Deep venous catheter 33 17% 41 21% 1.06 0.303
Dialysis 3 2% 4 2% 0.15 0.703
Cholecystostomy 19 10% 23 12% 0.43 0.514
PTCD 15 8% 17 9% 0.14 0.712

Drugs usage history within | year

Chemotherapy 31 16% 36 18% 0.45 0.503
Steroid more than 5 days 17 9% 36 18% 7.85 0.005

Antibiotics history within 3 month

B-lactam-B-lactamase inhibitor 71 36% 73 37% 0.04 0.835
Cephalosporins 147 74% 153 77% 0.48 0.488
Quinolone 54 27% 55 28% 0.0l 0911
Carbapenem 30 15% 72 36% 23.21 <0.001
Aminoglyceride 19 10% 13 7% 1.22 0.269
Tigercyclin 2 1% 3 2% 0.20 0.653
Linezolid 2 1% 5 3% 1.31 0.253
Poly antibiotics 65 33% 95 48% 9.38 0.002

Abbreviations: CRGNB, carbapenem resistant gram negative bacteria; ECOG, eastern cooperative oncology group score; N, number of patients; P, test significance;
ERCP, endoscopic retrograde cholangiopancreatography; PTCD, percutaneous transhepaticcholangial drainage; ICU, intensive care unit.
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facility, ICU admission history, blood stream infection history within 1 year, transfer from another healthcare facility,
steroid more than 5 days, ECOG performance status (PS), liver cirrhosis, carbapenem usage and polyantibiotic usage
were the risk factors affecting the rectal CR-GNB colonization, as shown in Table 2.

In addition to univariate logistic regression, multivariate logistic regression was conducted on the risk factors
determined by univariate logistic regression. By adjusting confounders, we have identified past history of long term in
healthcare facility (odds ratio [OR] 10.94, 95% confidence interval [CI] 4.99-23.95, P <0.001), ICU admission history (OR
9.03, 95% CI 3.39-24.03, P <0.001), blood stream infection history within 1 year (OR 3.31, 95% CI 1.28-8.59, P < 0.05),
transfer from another healthcare facility (OR 3.48, 95% CI 1.96-6.18, P <0.001), ECOG performance status (PS) (OR 2.61,
95% CI1.96-3.48, P <0.001), liver cirrhosis (OR 4.05, 95% CI 2.14-8.42, P<0.002) and carbapenem usage (OR 2.71, 95%
CI 1.49-4.93, P =0.001) as independent risk factors affecting the rectal CR-GNB colonization, as shown in Table 2.

Feature Selection
As shown in Figure 2A and B, a LASSO regression analysis of 400 patients in the cohort revealed that 10 potential
predictors identified from 40 features were with nonzero coefficients (~4:1 ratio). These features included past history of

Table 2 Univariate and Multivariate Analysis of Risk Factors Related to CR-GNB Colonization

Dove!

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) P value Wald OR (95% CI) P value
Age, year 0.999 (0.99-1.01) 0.840 - - -
Gerder 1.145 (0.77-1.71) 0.511 - - -
Male
Female
Ward 1.057 (0.82-1.37) 0.674 - - -
ECOG scores 2.331%* (1.87-2.90) <0.001 42.83 2.61%* (1.96-3.48) <0.001
Past medical history
Long-term in health care facility within | year | 6.517* (3.29-12.90) | <0.00l 35.84 10.94* (4.99-23.95) | <0.001
ICU admission history within | year 7.339* (3.02-17.83) | <0.001 19.42 9.03* (3.39-24.03) <0.001
Blood-stream infection history within | year 2.682* (1.29-5.57) 0.008 6.08 3.31%* (1.28-8.59) 0.014
Provenance of patient at admission
Transfer from another health care facility 4.371% (2.72-7.02) <0.001 18.12 3.48% (1.96-6.18) <0.001
Diseases
Gastrointestinal bleeding 1.145 (0.64-2.06) 0.653 - - -
Inflammatory bowel disease 1.256 (0.33-4.75) 0.737 - - -
Severe acute pancreatitis I.131 (0.65-1.98) 0.668 - - -
Acute cholangitis 1.086 (0.69-1.72) 0.725 - - -
Cirrhosis 2.613* (1.48-4.62) 0.001 15.45 4.15* (2.04-8.42) 0.002
Gastrointestinal tract obstruction 0.932 (0.45-1.94) 0.852 - - -
Gastrointestinal cancer 0.913 (0.56-1.48) 0.712 - - -
Diabetes 1.075 (0.70-1.65) 0.742 - - -
Cardial vascular disease 1.334 (0.85-2.09) 0.209 - - -
Cerebral vascular disease 1.150 (0.63-2.09) 0.647 - - -
Pulmonary disease 1.216 (0.74-2.01) 0.445 - - -
Uremia 0.594 (0.14-2.52) 0.480 - - -
Surgery medical history
bowel diversion surgeries 1.90 (0.96-3.80) 0.067 - - -

(Continued)
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Table 2 (Continued).

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) Pvalue | Wald OR (95% Cl) P value

Endoscopy intervention within | year

Gastroendoscopy I.111 (0.66—1.87) 0.691 - - -
Colonoendoscopy 1.092 (0.61-1.96) 0.766 - - -
ERCP 1.221 (0.74-2.03) 0.440 - - -

Other interventions within | year

Nasogastric tube 0.792 (0.40-1.55) 0.496 - - -
Nasobiliary drainage tube 1.156 (0.68—1.96) 0.590 - - -
Small bowel feeding tube 1.330 (0.68-2.59) 0.401 - - -
Small bowel decompression tube 1.397 (0.55-3.55) 0.482 - - -
Colon decompression tube 0.746 (0.17-3.38) 0.704 - - -
Deep venous catheter 1.305 (0.79-2.17) 0.304 - - -
Dialysis 1.340 (0.30-6.07) 0.704 - - -
Cholecystostomy 1.238 (0.65-2.35) 0.515 - - -
PTCD 1.146 (0.56-2.36) 0.713 - - -

Drugs usage history within | year

Chemotherapy 1.197 (0.71-2.03) 0.504 - - -
Steroid more than 5 days 2.363 (1.28-4.37) 0.006 - - -

Antibiotics history within 3 month

B-lactam-B-lactamase inhibitor 1.044 (0.69-1.57) 0.835 - - -
Cephalosporins 1.174 (0.75-1.85) 0.489 - - -
Quinolone 1.026 (0.66—1.59) 0911 - - -
Carbapenem 3.187* (1.97-5.17) <0.001 10.67 2.71%* (1.49-4.93) 0.001
Aminoglyceride 0.662 (0.32—-1.38) 0.271 - - -
Tigercyclin 1.508 (0.25-9.12) 0.655 - - -
Linezolid 2.538 (0.49-13.24) 0.269 - - -
Poly antibiotics 1.879 (1.25-2.82) 0.002 - - -

Note: *Bold variables with confirmed P < 0.05 also in the multivariate analysis.

Abbreviations: CRGNB, carbapenem resistant gram negative bacteria; ECOG, eastern cooperative oncology group score; OR, odds ratio; 95% CI,
confidence interval; P, test significance; ERCP, endoscopic retrograde cholangiopancreatography; PTCD, percutaneous transhepaticcholangial drainage; ICU,
intensive care unit.

long term in healthcare facility, ICU admission history, blood stream infection history within 1 year, transfer from
another healthcare facility, steroid more than 5 days, ECOG performance status (PS), bowel diversion surgery history,
liver cirrhosis, carbapenem usage and polyantibiotic usage.

Model Development for Individualized Prediction

A logistic regression analysis to examine the effects of selected features from LASSO regression analysis was done.
Nomograms (Figure 3) were developed by incorporating the identified independent predictors. Figure 4 shows the
example of how the nomogram can be used.

CR-GNB Carrier Risk Nomogram’s Apparent Performance
The prediction nomogram’s C-index was 0.857, and bootstrapping validation demonstrated the model’s good discri-
mination which was confirmed by the C-index of 0.847 for the cohort (Figure 5). As shown in Figure 6, the calibration
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Figure 4 The example of how the predictive nomogram can be used.
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Figure 5 ROC curves for validating the discrimination power of the nomogram. ((A) training group; (B) bootstrapping group).

curve for the CR-GNB colonization risk nomogram performed well in this cohort for predicting CR-GNB colonization
risk. According to the CR-GNB colonization risk nomogram, apparent performance is a good indicator of prediction

accuracy.

Clinical Use

Figure 7 illustrates the decision curve analysis for the CR-GNB colonization nomogram. Based on the decision curve, if
the patient’s threshold probability was between 8% and 86%, using this model to predict rectal CR-GNB colonization
would result in a greater net benefit for the patient.
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Figure 6 An analysis of the calibration curves for the CR-GNB colonization nomogram prediction in the cohort. Predicted risk of CR-GNB rectal colonization is shown on
the x-axis. On the y-axis, you can see the actual CR-GNB colonizations that have been diagnosed. As depicted in the diagram, the diagonal dotted line represents the ideal
model’s prediction. Nomogram performance is represented by the solid line, with a closer fit to the diagonal dotted line representing a better prediction.

Discussion
With the number of critically ill patients with gastrointestinal malignancy and past history of major gastrointestinal tract
surgery are increasing in GED, infections associated with CR-GNB are of great concern in GED.?>° Our study, for the
first time, provided nomogram predicting CR-GNB carrier status for patients in GED. By merely utilizing seven easily
available variables, we developed and validated a new prediction tool for CR-GNB colonization risk in GED patients. As
a result of internal validation in the cohort, good discrimination, calibration power, and a high C-index were observed.
The current study found that CR-GNB screening using rectal swabs had a positivity rate of 9.9% in GED with
K. pneumoniae being the most prevalent strain (61%), followed by E. coli (22%) and E. cloacae (7%). Although CR-GNB
infection were commonly reported in the ICU, these findings suggested that baseline colonization by CR-GNB was relatively
high in GED. Several independent risk factors were identified as being associated with CR-GNB carriage at the time of a GED
admission in our study, including transfer from another hospital, high ECOG score, longterm in healthcare facility, ICU
admission history within 1 year, blood stream infection history within 1 year, liver cirrhosis and carbapenem usage history
within 3 month. In GED, these variables might play an important role in determining risk for CR-GNB rectal colonization.
It was found that transfer from another hospital, long-term in healthcare facility and ICU admission history within 1 year
were associated with higher risk for CR-GNB carriage, as in previous studies.”’*® It might due to prolonged exposure to areas
with a high prevalence of CR-GNB. This study demonstrated that patients with blood stream infection history within 1 year
and carbapenem usage history were much more susceptible to being colonized by CR-GNB, which might signify the
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Figure 7 Analysis of the nonadherence nomogram’s decision curve. Net benefit is measured on the y-axis. In the dotted line, you can see the rectal colonization risk
nomogram for CR-GNB. In this graph, the thin solid line indicates that all patients have been colonized by CR-GNB. The thick solid line represents the assumption that no
CR-GNB colonization has occurred in any patient. Based on the decision curve, if the patient’s threshold probability was between 8% and 86%, using this model to predict
rectal CR-GNB colonization would result in a greater net benefit for the patient.

important role of selective pressure caused by the wide use of broad-spectrum antibiotic. A performance status equal to or
above 3 on the ECOG was independently associated with CR-GNB carriage. In multivariate analyses, steroid and poly-
antibiotic use histories were excluded due to their multicollinearity despite significant associations in univariate analyses. The
study did not identify other well-known conditions associated with a greater risk of infection in ICUs, such as end-stage renal
disease requiring dialysis and gastrointestinal cancer, as risk factors for CR-GNB carrier status.””** We speculate that this
might be due to the particularity of the patients population of GED.

In the view of uniqueness of the patient population in GED, a range of common digestive disorders were included in
the univariate and multivariate analyses. It is interesting to note that liver cirrhosis showed a strong association with CR-
GNB colonization among the analyzed comorbidities. It is speculated that a multitude of immunological mechanisms,
which is named as cirrhosis associated immune disorder, may be involved in the mechanisms of pathophysiology for
susceptibility to CR-GNB colonization among liver cirrhosis patients.*' In addition to immunological mechanisms, liver
cirrhosis might also promote CR-GNB colonization by altering the microbiome and degrading intestinal barriers.**

In some previous literature, outbreaks of CR-GNB have been linked to contaminated GI endoscopes.*> > Our work is the
first study to investigate whether commonly performed endoscopy interventions history are associated with CR-GNB
colonization upon admission in GED. In this study, it was demonstrated that commonly performed endoscopic interventions
did not increase the risk of CR-GNB carriage. As it has been noted that improper cleaning procedure for endoscopes was
associated with outbreaks of CR-GNB,*® we speculate that the advances of endoscope disinfection techniques and improve-
ment of awareness of sterile operation have decreased the risk of CR-GNB transmission by GI endoscopic intervention.

In our study, we for the first time developed a valid CR-GNB colonization risk prediction tool, which assisted clinicians
with early identification of patients at high risk of CR-GNB carriage upon admission to GED. As the increase of the number of
critically ill patients in GED who might bare higher mortality upon CR-GNB infection, the colonization predictive nomogram
will help identify those with high risk to undertake infection control measures, like contact precaution, patients isolation and
patient cohorting, for the purpose of preventing intra-facility transmission. Moreover, in case of emergence of a septic status
for a patient upon GED admission, knowledge of CR-GNB colonization risk can be relevant to the selection of empirical
antimicrobial drugs, such as anti-CR-GNB agents. Furthermore, with the wide application of gastrointestinal endoscopy, a lot

of patients in GED need to receive endoscopic treatment immediately upon admission, who were still waiting for the result of
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screening test. It is necessary to identify patients with high risk for CR-GNB colonization and purposefully strengthen
endoscopic disinfection, which is helpful to prevent the intra-facility transmission of CR-GNB.

So, accurate CR-GNB carrier risk assessment will assist physicians with identifying those in high risk and taking
timely preemptive precautions, preventing wasting infection preventive resources in low-risk situations, and avoiding
delays of anti-CR-GNB agents in treatment when there is a high probability of a CR-GNB infection.

Limitations

We found several limitations in our study as well. First, our acquired data from 2020 and 2021 was a partial representa-
tion of people with GEDs. The cohort only performed in a tertiary hospital in Zhejiang province was not representative of
all Chinese patients in GED. Additionally, not all potential factors affecting CR-GNB colonization were considered in the
risk factor analysis. A number of factors that could contribute to colonization risk were not fully disclosed, including
occupations and other conditions. The third issue is that, although we extensively validated the robustness of our
nomogram using bootstrap testing, no external validation was conducted. It is unclear whether the results are general-
izable to other GED populations in different regions and countries. There is a need for external evaluation in a wider
population of patients.

Conclusions

Clinical practitioners can use the nomogram developed in this study to identify patients with CR-GNB colonization upon
admission with a relatively high degree of accuracy. With an estimate of individual risk, clinicians and nurses can take
more timely infection preventive measures on isolation/cohorting and medical interventions. There is a need for external
validation of this nomogram, and further research is needed to establish whether individual interventions based on this
nomogram are likely to reduce the risk of CR-GNB transmission within facilities and achieve better treatment outcomes.
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