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Background: Carbapenem-resistant microorganism (CRO) transmission in the medical
setting confers a global threat to public health. However, there is no established risk
prediction model for infection due to CRO in ICU patients. This study aimed to develop a
nomogram to predict the risk of acquiring CRO infection in patients with the first ICU
admission and to determine the length of ICU stay (ICU-LOS) and 28-day survival.

Methods: Patient data were retrieved from the Medical Information Mart for Intensive
Care (MIMIC-IV) database based on predetermined inclusion and exclusion criteria. A
CRO was defined as a bacterium isolated from any humoral microbial culture that showed
insensitivity or resistance to carbapenems. The characteristics of CRO and non-CRO
patients in the first ICU admission were compared. Propensity score matching was
applied to balance the differences between the CRO and non-CRO cohorts. Kaplan—
Meier curves were constructed to determine the 28-day survival rate and ICU-LOS.
Furthermore, after randomization of the CRO cohort into the training and validation sets, a
predictive nomogram was constructed based on LASSO regression and Logistic
regression analysis, and its performance was verified by internal validation.

Results: Overall, 4531 patients who had first ICU admission as recorded in MIMIC-IV
were enrolled, 183 (4.04%) of whom were diagnosed with CRO infection. Moreover, CRO
infection was independently associated with 28-day survival and ICU-LOS in ICU patients.
Parameters eligible for inclusion in this nomogram were male sex, hemoglobin-min,
temperature-max, use of a peripherally inserted central catheter line, dialysis treatment,
and use of carbapenems. This nomogram showed a better performance as indicated by
the area under the receiver operating characteristic curve values of 0.776 (95%
confidence interval [Cl] 0.667-0.750) and 0.723 (95% CI 0.556-0.855) in the training
and validation sets, respectively, in terms of predicting the risk of acquiring CRO infection.
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Conclusions: CRO infection was independently associated with ICU-LOS and 28-day
survival in patients with first ICU admission. The nomogram showed the best prediction of
the risk of acquiring CRO infection in ICU patients. Based on the nomogram-based
scoring, we can management the risk factors and guide individualized prevention and

control of CRO.

Keywords: LASSO regression, nomogram, MIMIC-IV database, intensive care unit, carbapenem-resistant microorganisms

INTRODUCTION

Multidrug-resistant organisms refer to bacteria that present
resistance to three or more classes of antimicrobial agents
simultaneously; among them, carbapenem-resistant micro
organisms (CRO), especially carbapenem-resistant gram-negative
bacilli, are the most frequently implicated, including carbapenem-
resistant Enterobacteriaceae (CRE), carbapenem-resistant
Acinetobacter baumannii (CRAB), and carbapenem-resistant
Pseudomonas aeruginosa (CRPA) (Magiorakos et al., 2012).

Since the past decade, the incidence of CRO infection has been
increasing worldwide and has led to a poor prognosis (Xu et al.,
2017; Touat et al., 2019; Merrick et al., 2021). CRO infection has
also created challenging situations in China. The 2020 national
antimicrobial surveillance report suggests that the carbapenem
resistance rates of Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter baumannii are above 23%, 19%,
and 72%, respectively (Hu et al., 2021). Considering the serious
global situation, both the World Health Organization and the
United States Centers for Disease Control and Prevention have
established the CRO risk level as the top rank and have suggested
the implementation of active and effective prevention and control
measures for CRO infection to ensure patient safety (Guh et al,
2014; WHO Guidelines, 2017).

The emergence and spread of CRO resistance are associated with
multiple factors such as inappropriate use of antimicrobials, poor
practice of infection prevention and control, and so on (Bonomo
et al., 2018). The principle of prevention and control is to take
bundling measures to block the spread of CRO (Guh et al., 2014;
Wilson et al., 2016; Friedman et al., 2017; Magiorakos et al., 2017;
WHO Guidelines, 2017; Solter et al., 2018), the primary measures
being strict management of the use of antimicrobials and active
screening for infection (Wilson, 2016). The formulation of concrete
prevention and control strategies relies on the outcomes of
screening (Orsi et al,, 2011; Richter and Marchaim, 2017).
However, screening is time consuming and costly, and the ideal
target population for screening and frequency of testing continue to
remain debatable (Birgand etal., 2016; Al-Zahrani, 2018; Kois et al.,
2020; Bedos et al., 2021; Merrick et al., 2021).

Recently, as a visualization tool, a nomogram based on
multiple logistic regression was developed to predict the risk of
CRE infection among liver transplantation recipients (Giannella
et al., 2021) and patients in the intensive care unit (ICU) of a
secondary referral hospital (Seo et al., 2021). However, there is no
established risk prediction model for CRO infection among ICU
patients. This study therefore aimed to develop a nomogram to
determine the risk of acquiring CRO infection in patients with

first ICU admission and to explore the length of ICU stay (ICU-
LOS) and 28-day survival in patients with CRO infection.

MATERIALS AND METHODS

Patients and Definitions

This was a retrospective cohort study based on the Medical
Information Mart for Intensive Care (MIMIC-IV; version 1.0)
database, which contains the data of 53,130 ICU patients of Beth
Israel Deaconess Medical Center. The majority of high-quality
data in MIMIC-IV are from the electronic health records and an
ICU-specific clinical information system. Our record ID of
permission to use the database is 39691989. Because the
patient privacy information was encrypted in the database, the
ethics committee at the medical center did not require
informed consent.

In this study, CRO was defined as a bacterium isolated from
any humoral microbial culture that showed insensitivity or
resistance to carbapenems (Nordmann and Poirel, 2019). The
exclusion criteria were as follows: (a) patient age <18 years; (b)
repeated ICU admissions; and (c) patients with CRO infection
within 48 hours after ICU admission (Figure 1).

Data and Variables

The indexes we extracted were demographics (number of males,
age, and weight), basic vital signs (mean arterial pressure, body
temperature, heart rate, respiratory rate, peripheral oxygen
saturation), laboratory indexes (white blood cell count, platelet
count, hemoglobin, blood glucose, blood urea nitrogen,
creatinine, prothrombin time, and partial prothrombin time),
comprehensive score (Simple Acute Physiology Score II [SAPS
II], Sequential Organ Failure Assessment [SOFA] score),
comorbidities, invasive catheter use, and therapeutics before
culture (renal replacement therapy [RRT], bronchoscopy, use
of antibiotics, and chemotherapy). For indicators with multiple
measurements, we included only the worst value on the first day
of ICU, and the time of therapeutic index was considered from
admission to microbial culture.

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 are
described as total number and percentage, and the chi-square
test or Fisher’s exact test was used for comparison between groups.
Propensity score matching (PSM) was used to balance the

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

March 2022 | Volume 12 | Article 852761


https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Zhang et al.

Nomogram for Predicting CRO Infection

6095 Patients with CRO
screening after ICU admitted

Exclusion:

*  Age<I8 years old
+ repeated ICU admission

A4

Logistic

!

Nomograph

regression

4348 Patients 183 Patients with
without CRO after

screening

CRO after
screening

l PSM

[ |

116 patients without
CRO

116 patients with CRO

FIGURE 1 | Flowchart of study participants.

differences between the CRO and non-CRO groups. We used
inverse probability weighting to further adjust for possible
imbalances between the variables of the two groups. The
Kaplan-Meier (K-M) curves were constructed to determine the
28-day survival rate and compare the data between the two groups,
and the differences in survival rates between the two groups were
compared using the log-rank test. More than 40% of the missing
variables were excluded from the analysis. The remaining missing
values were interpolated by multiple interpolation (Figure S1).

After randomization of the CRO cohort, all data were divided
into the training and test sets in a ratio of 8:2. LASSO regression
was used to reduce data dimensions. Then, the data were modeled
using a logistic regression model (LRM) after dimensionality
reduction. The prediction efficiency of the models was
compared using the area under the receiver operating
characteristic (AUROC) curve. Additionally, the positive
predictive value and the negative predictive value were further
determined to evaluate the performance of the model. Structured
query language was used to extract the data from the MIMIC-IV
database. All statistical analyses were performed using R, version
3.6.2, and statistical significance was set at P < 0.05.

RESULTS

Characteristics of the Included Patients
With CRO Infection

Overall, 4531 patients were enrolled in this study, 4.04% of
whom were patients with CRO infection. Table 1 shows the
characteristics of all included patients on ICU admission.
Interestingly, we found that there was no significant difference
between the CRO group and the non-CRO group in terms of

453? Patients with CRQ T
screening after ICU ad d

comorbidities. However, the proportion of male was greater in
the CRO group than in the non-CRO group (63.4% vs 45.9%).
Moreover, the CRO group had higher temperature-max and
SOFA score, whereas lower hemoglobin-min. Regarding
treatment measures, the CRO group had greater use of
ventilators, peripherally inserted central catheter (PICC)-line,
arterial-line, dialysis-line, tracheotomy, and RRT. Finally, the
CRO group had a higher frequency of using cephalosporins and
carbapenems. After PSM, the two cohorts showed no significant
difference (P>0.05) and were comparable (Table S1).

CRO Infection Was Independently
Associated With ICU-LOS and Mortality
Subsequently, a PSM was conducted between the CRO and non-
CRO cohorts according to the differences in sex, laboratory tests,
SOFA score, treatment measures, and use of antimicrobials to
estimate the impact of CRO infection on 28-day survival and
ICU-LOS. The CRO and non-CRO groups were matched on
propensity scores by 1:1 matching with replacement. K-M
survival analysis showed significant differences between the
CRO and non-CRO groups in 28-day survival (P < 0.05) and
ICU-LOS (P < 0.01) (Figure 2).

Development of a Predictive Nomogram
and Its Validation

The results on the 36 variables included in the LASSO regression
and their corresponding regression coefficients are shown in
Figure 3. When the variables were reduced to six (namely, male
sex, hemoglobin [Hb]-min, temperature-max, PICC use, dialysis
treatment, and use of carbapenems), the model conferred better
performance and was cost-effective. Next, an LRM integrating
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TABLE 1 | The characteristics of included patients when the first ICU admission.

Variables

Male, n (%)

Age, years

Weight

Vital signs®

MAP_min, (mmHg)
Temperature_max, (°C)
Heartrate_max, (min~")
SpO2_min,(%)
Severity Score

SOFA

SAPS I

Comorbidity, n(%)
Diabetes, n(%)

Liver disease, n (%)
COPD, n(%)

Malignant cancer, n(%)
Cerebrovascular disease, n(%)
Hypoimmunity, n(%)
Laboratory tests®
Glucose_max, (mg/dl)
BUN_max, (mg/dL)
Creatinine-max, (umol/L)
Hemoglobin_min, (g/dL)
WBC_max, (K/uL)
Platelet_min, (K/uL)
Pt_max, (s)

Ptt_max, (s)
Treatment measures
Ventilation

PICC_line

Arterial_line
Dialysis_line
Tracheotomy

Catheter

CVvC

Gastric_tube

RRT

Chemotherapy
Bronchoscopy
Antimicrobial
Cephalosporins, n(%)
Carbapenems, n(%)

All patients (n=4531)

2112 (46.6)
70.00 (58.00, 80.00)
76.00 (63.60, 92.50)

57.00
37.61
108.00
92.00

51.00, 65.00)
37.05, 38.44)
94.00, 123.00)
89.00, 94.00)

4.00 (3.00, 7.00)
30.00 (23.00, 39.00)

1580 (34.9)
782 (17.3)
393 (8.7)
875 (19.3)
1114 (24.6)
976 (21.5)

146.00 (119.00, 186.00)
24.00 (16.00, 39.00)
1.00 (0.70, 1.60)
9.30 (8.00, 10.70)
12.70 (9.10, 17.10)
188.00 (126.00, 262.00)
14.30 (12.70, 17.50)
32.90 (28.40, 45.95)

1655 (36.5)
573 (12.6)
1657 (36.6)
165 (3.6)
871 (19.2)
1204 (26.6)
1086 (24.0)
2793 (61.6)
(6.1)
(2.3)
(4.2)
1157 (25.5)
145 (3.2)

Non-CRO patients (n=4348) CRO patients (n=183) P
1996 (45.9) 116 (63.4) <0.001
70.00 (59.00, 81.00) 67.00 (54.00, 78.00)
76.00 (63.60, 92.40) 76.80 (64.50, 94.95)
57.75 (51.00, 65.00) 56.00 (49.75, 63.00)
37.55 (37.05, 38.44) 38.02 (37.27, 38.86) <0.001
108.00 (93.00, 123.00) 112.00 (102.00, 127.00)
92.00 (89.00, 94.00) 92.00 (90.00, 94.00)
4.00 (2.00, 7.00) 5.00 (3.00, 8.00) <0.001
30.00 (23.00, 39.00) 33.00 (24.00, 41.00)
1518 (34.9) 62 (33.9)
746 (17.2) 36 (19.7)
376 (8.6) 17 (9.9)
839 (19.3) 36 (19.7)
1081 (24.9) 33 (18.0)
937 (21.6) 39 (21.9)
146.00 (119.00, 186.00) 151.50 (121.25, 184.00)
24.00 (16.00, 38.00) 29.00 (16.25, 43.00)
1.00 (0.70, 1.60) 1.00 (0.70, 1.70)
9.30 (8.10, 10.80) 8.40 (7.70, 9.40) <0.001
12.60 (9.10, 17.10) 13.65 (8.62, 18.95)
187.00 (126.00, 260.00) 204.00 (130.75, 315.00)
14.20 (12.60, 17.50) 15.10 (13.50, 17.80)
32.90 (28.40, 46.35) 32.95 (28.50, 42.72)
1547 (35.6) 108 (59.0) <0.001
522 (12.0) 51 (27.9) <0.001
1565 (36.0) 92 (50.3) <0.001
138 (3.2) 27 (14.8) <0.001
813 (18.7) 58 (31.7) <0.001
1154 (26.5) 50 (27.3)
1024 (23.6) 62 (33.9)
2693 (61.9) 100 (54.6)
204 (4.7) 29 (15.8) <0.001
99 (2.3) 7(3.8)
174 (4.0) 15 (8.2)
1082 (24.9) 75 (41.0) <0.001
99 (2.3) 46 (25.1) <0.001

Categorical data were presented as frequency (percentage), parametric continuous data were presented as median (interquartile ranges), whereas non-parametric continuous data were

presented as median (interquartile ranges); COPD, Chronic obstructive pulmonary disease, CVC, Central venous catheter.

AVital signs were calculated during the first 24 h since ICU admission of each included patients.
PThe laboratory tests recorded the worst value during the first 24 h since ICU admission of each included patients.

the six variables was established to predict the CRO acquisition
risk using the training set, and the model had a better
discrimination ability and performance as indicated by the
AUROC curve of 0.776 (95% confidence interval [CI] 0.667-
0.750) and 0.723 (95% CI 0.556-0.855) in the training set
(Figure 4C) and validation (Figure 4D) set respectively, and
resulting in a sensitivity of 55.56% and a specificity of 85.48%.
Then we developed a nomogram to predict CRO infection risk
based on the six variables, with an aim toward clinical
application (Figure 5), and plotted the curve in decision curve
analysis (Figure 4A) and the calibration curve (Figure 4B). The
nomogram provided a greater benefit and stability. Finally, we
developed a dynamic nomogram for more extensive validation
(https://amu-cre-web.shinyapps.io/dynnomapp/).

DISCUSSION

This study showed that the risk factors for CRO infection were male
sex, Hb-min, temperature-max, PICC use, dialysis treatment, and
use of carbapenems. The nomogram was established to predict the
risk of acquiring CRO infection based on these six variables
determined by Logistic regression analysis. The nomogram was
also internally validated, wherein a better performance was noted,
and because of geographical, racial, and medication differences,
external validation was not performed.

When patients are admitted to the ICU for the first time, we may
tend to overlook their risk of acquiring CRO infection and may not
perform monitoring. Public health workers can use this nomogram
to easily assess the risk of acquiring CRO infection among ICU
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FIGURE 2 | Kaplan-Meier’s survival estimated of the 28-day (A) survival probability of CRO and non-CRO patients. The results showed that the 28-day survival of
CRO patients was significantly lower than that of non-CRO patients (P<0.05). And the ICU-LOS (B) of CRO patients was longer than non-CRO patients (P<0.01).

patients and to decide on the development of concrete prevention
and control strategies.

In this study, approximately 4.04% of patients with first ICU
admission had CRO infection, a proportion that was lower than that
reported in other studies (Li et al.,, 2019; Giannella et al,, 2021; Seo
et al,, 2021). Patients with CRO infection had significantly higher
ICU-LOS, treatment costs, and mortality rates (Tansarli et al., 2013;
Birgand et al,, 2016; Ho et al., 2016; Avendano et al., 2020; Merrick
et al, 2021). Early identification of patients with CRO infection is
important for disease prevention and control. The prevalence of
CRO infection in a region is influenced by multiple factors (Wilson,
2016) such as the overall medical care level, age, administration of
antibiotics, disease severity, and so on. Moreover, CRO in this study
was defined based on database data, which may have had many
influences on the true infection rate.

CRO mainly include CRE, CRAB, and CRPA. Currently available
surveillance and screening measures primarily target CRE (Gniadek
etal., 2016), which is an essential component of CRO. In the US, it is
reported that the common risk factors for CRE infection are the
underlying disease severity, long-term hospital admissions,
indwelling invasive devices, poor functional status, exposure to
antimicrobials, and increasing colonization pressure (Guh et al,
2014). At a secondary referral hospital in Korea, a retrospective

study suggested that the risk factors for carbapenem-resistant
infection among ICU patients were indwelling nasogastric tube and
central venous catheter (CVC), a high Acute Physiology and Chronic
Health Evaluation (APACHE) II score, and administration of
cephalosporin antibiotics (Seo et al., 2021). Additional risk factors
were reported in a China study (Li et al,, 2019). However, the risk of
carbapenem resistance in glucose-nonfermenting gram-negative
bacilli (CR-NF), such as Pseudomonas aeruginosa and
Acinetobacter baumannii, is increasing significantly (Gniadek et al.,
2016). However, the methods for the surveillance and screening of
CR-NF are still controversial.

In this study, we sought to investigate the acquisition risk of
CRO infection. Interestingly, we found that male sex was associated
with the risk of acquiring CRO infection. This may be related to the
constitutive ratio of CRO-infected individuals and differences in the
immunity between sexes (Klein et al,, 2015). In a tertiary teaching
hospital in China, it is reported that 80% patients with CRE
infection were male, and male sex is an independent risk factor
for CRE infection (Liu, 2016). And in ICU, compared with female
patients, male patients were more likely to undergo invasive
treatments, such as deep venous puncture, mechanical ventilation
and dialysis (Xu et al., 2019), which may increase the risk of CRO
infection. Further studies are needed to investigate the relationship
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FIGURE 3 | Plots for LASSO regression coefficients over different values of the penalty parameter (A). Cross validation plot for the penalty term (B).
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FIGURE 5 | Nomogram to predict the acquisition risk of CRO of patients with the first ICU admission.
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between sex and the risk of developing CRO infection. Anemia and
fever are important characteristic features of CRO infection.
Anemia is frequently seen in different forms of the infection
(Kwaan, 2011), which may be related to abnormalities in iron
metabolism (Jonker and Boele van Hensbroek, 2014). PICC refers
to catheters placed into the central vein by peripheral venipuncture.
A meta-analysis showed that PICC-related central line-associated
bloodstream infection (CLABSI) occurred as frequently as CVC-
related CLABSI (Chopra et al., 2013). As per our understanding,
indwelling PICC is often used for specific categories of patients or
for patients requiring prolonged use, which will lead to an increased
risk of CRO infection. Dialysis is one of the important supportive
measures for ICU patients. The latest matched case-control study
suggested that ICU patients undergoing dialysis may be at increased
risk for CRE infection, a finding that is consistent with those
reported in a study (Aleidan et al, 2021). The same may be true
for the risk of CRO infection. Inappropriate use of antimicrobials is
an important reason for the development of bacterial resistance.
Studies have suggested a positive association between exposure to
broad-spectrum antimicrobials and carbapenem resistance
(Sampaio and Gales, 2016; Moawad et al., 2018; Yang et al., 2018;
Alzomor et al, 2019). Strict management of antimicrobial use
remains the cornerstone to avoid bacterial resistance.

Currently, multiple risk factors are strongly associated with CRO
infection. However, there is established no scoring system available
to predict the risk of CRO infection. Partly, the reasons may be the
differences in medical conditions, economic development levels, and
antimicrobial usage in different regions (Liu et al,, 2015). In this
study, we developed a nomogram to predict CRO acquisition risk in
patients with first ICU admission, which showed better
performance. Clinicians can dynamically assess each patient’s
CRO acquisition risk using the developed nomogram. If the score
increases significantly, then we should make more efforts to control
the risk factors and conduct targeted surveillance. For example, if a
male patient in an ICU presents with fever and anemia, has the use
of carbapenems and an implanted catheter, and undergoes dialysis,
then we should actively manage the fever and anemia; reassess the
need for catheters, dialysis, and carbapenems; and complete active
screening for infection. By controlling for the emerging risk factors,
the occurrence of CRO infection could be decreased. Meanwhile, we
can identify patients with CRO infection at an early stage and
reduce nosocomial transmission through targeted active
surveillance. Accordingly, costs associated with the prevention
and control of the infection will also decrease.

This study had several limitations. First, the incidence of CRO
infection was calculated based on culture-positive patients in the
MIMIC-IV database. It is possible that a few patients with CRO
infection remained undiagnosed. Second, because of
geographical variations, risk factors for CRO infection may not
have been entirely consistent. Finally, the newly established
nomogram was not validated based on external data. And the
sensitivity of the nomogram was medium (0.55), the specificity
was good (0.85), the negative predictive value was high (0.98),
but the positive predictive value was not high (0.14) (Table S2).
It may be related to the sample size and the prevalence of CRO
infection. As a complementary measure, we plotted a dynamic
nomogram for more extensive validation.

In conclusion, a nomogram that included six variables was
developed to predict CRO acquisition risk in ICU patients based on
a LASSO regression and Logistic analysis, which showed a good
performance through internal validation. Based on scoring using the
nomogram, we can aim to control the risk factors and conduct
targeted active surveillance in a timely manner for the purpose of
reducing the occurrence of CRO infection, identifying patients with
CRO infection at an early stage, reducing nosocomial transmission,
and decreasing costs related to prevention and control. Further
external validation is needed to optimize and improve the nomogram.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

MY and JZ: concept. JZ and WL: methodology and writing of the
manuscript. WS and XC: data processing. WX and YL: software.
MY and TH: review and editing. All authors contributed to the
article and approved the submitted version.

FUNDING

This study was supported by a research grant from the National
Natural Science Foundation of China (No0.82072134) and the
Clinical Research cultivation Program of the Second Affiliated
Hospital of Anhui Medical University (No.2020LCYB03).

ACKNOWLEDGMENTS

The authors thank the contribution of all investigators at the
participating study. We also would like to thank Editage
(www.editage.cn) for English language editing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2022.
852761/full#supplementary-material

Supplementary Figure 1 | The distribution of the missing vale.

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

March 2022 | Volume 12 | Article 852761


http://www.editage.cn
https://www.frontiersin.org/articles/10.3389/fcimb.2022.852761/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2022.852761/full#supplementary-material
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Zhang et al.

Nomogram for Predicting CRO Infection

REFERENCES

Aleidan, F. A. S., Alkhelaifi, H., Alsenaid, A., Alromaizan, H., Alsalham, F.,
Almutairi, A., et al. (2021). Incidence and Risk Factors of Carbapenem-
Resistant Enterobacteriaceae Infection in Intensive Care Units: A Matched
Case-Control Study. Expert Rev. Anti Infect. Ther. 19 (3), 393-398.
doi: 10.1080/14787210.2020.1822736

Al-Zahrani, 1. A. (2018). Routine Detection of Carbapenem-Resistant Gram-
Negative Bacilli in Clinical Laboratories. A Review of Current Challenge. Rev.
Curr. Saudi Med. J. 39 (9), 861-872. doi: 10.15537/smj.2018.9.22840

Alzomor, O. A., Alfawaz, T. S., Abu-Shaheen, A., Alshehri, M. A., and Al Shahrani,
D. (2019). A Matched Case-Control Study to Assess the Carbapenem-Resistant
Enterobacteriaceae Infections Among Hospitalized Children at King Fahad
Medical City, Riyadh, Saudi Arabia. Saudi Med. J. 40 (11), 1105-1110.
doi: 10.15537/smj.2019.11.24586

Avendano, E. E., Raman, G., Chan, J., and McCann, E. (2020). Burden of
Carbapenem non-Susceptible Infections in High-Risk Patients: Systematic
Literature Review and Meta-Analysis. Antimicrob. Resist. Infect. Control 9
(1), 193. doi: 10.1186/s13756-020-00858-8

Bedos, J. P., Daikos, G., Dodgson, A. R,, Pan, A,, Petrosillo, N., Seifert, H., et al.
(2021). Early Identification and Optimal Management of Carbapenem-
Resistant Gram-Negative Infection. J. Hosp Infect. 108, 158-167.
doi: 10.1016/j,jhin.2020.12.001

Birgand, G., Moore, L. S. P., Bourigault, C., Vella, V., Lepelletier, D., Holmes, A.
H., et al. (2016). Measures to Eradicate Multidrug-Resistant Organism
Outbreaks: How Much do They Cost? Clin. Microbiol. Infect. 22 (2), 162.el-
162.€9. doi: 10.1016/j.cmi.2015.10.001

Bonomo, R. A,, Burd, E. M., Conly, J., Limbago, B. M., Poirel, L., Segre, J. A., et al.
(2018). Carbapenemase-Producing Organisms: A Global Scourge. Clin. Infect.
Dis. 66 (8), 1290-1297. doi: 10.1093/cid/cix893

Chopra, V., O’Horo, J. C., Rogers, M. A., Maki, D. G., and Safdar, N. (2013). The
Risk of Bloodstream Infection Associated With Peripherally Inserted Central
Catheters Compared With Central Venous Catheters in Adults: A Systematic
Review and Meta-Analysis. Infect. Control Hosp Epidemiol. 34 (9), 908-918.
doi: 10.1086/671737

Friedman, N. D., Carmeli, Y., Walton, A. L., and Schwaber, M. J. (2017).
Carbapenem-Resistant Enterobacteriaceae: A Strategic Roadmap for
Infection Control. Infect. Control Hosp Epidemiol. 38 (5), 580-594.
doi: 10.1017/ice.2017.42

Giannella, M., Freire, M., Rinaldi, M., Abdala, E., Rubin, A., Mularoni, A., et al.
(2021). CRECOOLT Study Group. Development of a Risk Prediction Model
for Carbapenem-Resistant Enterobacteriaceae Infection After Liver
Transplantation: A Multinational Cohort Study. Clin. Infect. Dis. 73 (4),
€955-€966. doi: 10.1093/cid/ciab109

Gniadek, T. J., Carroll, K. C., and Simner, P. J. (2016). Carbapenem-Resistant
Non-Glucose-Fermenting Gram-Negative Bacilli: The Missing Piece to the
Puzzle. J. Clin. Microbiol. 54 (7), 1700-1710. doi: 10.1128/JCM.03264-15

Guh, A. Y., Limbago, B. M., and Kallen, A.J. (2014). Epidemiology and Prevention
of Carbapenem-Resistant Enterobacteriaceae in the United States. Expert Rev.
Anti Infect. Ther. 12 (5), 565-580. doi: 10.1586/14787210.2014.902306

Ho, K. W,, Ng, W. T,, Ip, M,, and You, J. H. (2016). Active Surveillance of
Carbapenem-Resistant Enterobacteriaceae in Intensive Care Units: Is it Cost-
Effective in a Nonendemic Region? Am. J. Infect. Control 44 (4), 394-399.
doi: 10.1016/j.2jic.2015.10.026

Hu, P, Guo, Y., Zhu, D., Wang, F,, Jiang, X,, Xu, Y., et al. (2021). CHINET
Surveillance of Bacterial Resistance: Results of 2020. Chin. J. Infect. Chemother.
21 (4), 377-387. doi: 10.16718/j.1009-7708.2021.04.001

Jonker, F. A., and Boele van Hensbroek, M. (2014). Anaemia, Iron Deficiency and
Susceptibility to Infections. J. Infect. 69 Suppl 1, S23-S27. doi: 10.1016/
1.jinf.2014.08.007

Klein, S. L., Marriott, I., and Fish, E. N. (2015). Sex-Based Differences in Immune
Function and Responses to Vaccination. Trans. R Soc. Trop. Med. Hyg. 109 (1),
9-15. doi: 10.1093/trstmh/trul67

Kois, A. K., Nicolau, D. P., and Kuti, J. L. (2020). Unresolved Issues in the Identification
and Treatment of Carbapenem-Resistant Gram-Negative Organisms. Curr. Opin.
Infect. Dis. 33 (6), 482-494. doi: 10.1097/QCO.0000000000000682

Kwaan, H. C. (2011). Infection and Anemia. Infect. Disord. Drug Targets 11 (1),
40-44. doi: 10.2174/187152611794407791

Li, Y., Shen, H., Zhu, C.,and Yu, Y. (2019). Carbapenem-Resistant Klebsiella Pneumoniae
Infections Among ICU Admission Patients in Central China: Prevalence and
Prediction Model. BioMed. Res. Int. 2019, 9767313. doi: 10.1155/2019/9767313

Liu, S. (2016). Analyze of Resistance, Clinical Infection Charaeteristies and Risk
Factors in Carbapenem-Resistant Enterobacteriaceae. [Dissertation/Master’s
Thesis] (Kunming, Yunnan: Kunming Medical University. in Chinese).

Liu, S., Xu, Y., Niu, M., Chen, R, and Du, Y. (2015). Molecular Epidemiology of
Carbapenem-Resistant Enterobacteriaceae in an Emergency Intensive Care
Unit. Chin. J. Infect. Chemother. 15 (4), 372-376. doi: 10.3969/j.issn.1009-
7708.2015.04.015

Magiorakos, A. P., Burns, K., Rodriguez Bafio, ., Borg, M., Daikos, G., Dumpis, U, et al.
(2017). Infection Prevention and Control Measures and Tools for the Prevention of
Entry of Carbapenem-Resistant Enterobacteriaceae Into Healthcare Setting:
Guidance From the European Centre for Disease Prevention and Control.
Antimicrob. Resist. Infect. Control 6, 113. doi: 10.1186/s13756-017-0259-z

Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E., Giske,
C. G, et al. (2012). Multidrug-Resistant, Extensively Drug-Resistant and
Pandrug-Resistant Bacteria: An International Expert Proposal for Interim
Standard Definitions for Acquired Resistance. Clin. Microbiol. Infect. 18 (3),
268-281. doi: 10.1111/j.1469-0691.2011.03570.x

Merrick, B., Tan, M. K. I, Bisnauthsing, K., and Goldenberg, S. D. (2021). Healthcare
Resource Use in Hospitalized Patients With Carbapenem-Resistant Gram-Negative
Infections. J. Hosp. Infect. 110, 7-14. doi: 10.1016/j.jhin.2020.12.021

Moawad, A. A., Hotzel, H.,, Neubauer, H., Ehricht, R., Monecke, S., Tomaso, H., et al.
(2018). Antimicrobial Resistance in Enterobacteriaceaefrom Healthy Broilers in
Egypt: Emergence of Colistin-Resistant and Extended-Spectrum [-Lactamase-
Producing Escherichia Coli. Gut Pathog. 10, 39. doi: 10.1186/s13099-018-0266-5

Nordmann, P., and Poirel, L. (2019). Epidemiology and Diagnostics of
Carbapenem Resistance in Gram-Negative Bacteria. Clin. Infect. Dis. 69
(Suppl 7), $521-S528. doi: 10.1093/cid/ciz824

Orsi, G. B., Falcone, M., and Venditti, M. (2011). Surveillance and Management of
Multidrug-Resistant Microorganisms. Expert Rev. Anti Infect. Ther. 9 (8), 653—
679. doi: 10.1586/eri.11.77

Richter, S. S., and Marchaim, D. (2017). Screening for Carbapenem-Resistant
Enterobacteriaceae: Who, When, and How? Virulence 8 (4), 417-426.
doi: 10.1080/21505594.2016.1255381

Sampaio, J. L., and Gales, A. C. (2016). Antimicrobial Resistance in
Enterobacteriaceae in Brazil: Focus on B-Lactams and Polymyxins. Braz. J.
Microbiol. 47 Suppl 1 (Suppl 1), 31-37. doi: 10.1016/j.bjm.2016.10.002

Seo, S. M, Jeong, I S., Song, J. Y., and Lee, S. (2021). Development of a Nomogram for
Carbapenem-Resistant Enterobacteriaceae Acquisition Risk Prediction Among
Patients in the Intensive Care Unit of a Secondary Referral Hospital. Asian Nurs.
Res. (Korean Soc. Nurs. Sci.) 15 (3), 174-180. doi: 10.1016/j.anr.2021.02.005

Solter, E., Adler, A., Rubinovitch, B., Temkin, E., Schwartz, D., Ben-David, D., et al.
(2018). Israeli National Policy for Carbapenem-Resistant Enterobacteriaceae
Screening, Carrier Isolation and Discontinuation of Isolation. Infect. Control
Hosp. Epidemiol. 39 (1), 85-89. doi: 10.1017/ice.2017.211

Tansarli, G. S., Karageorgopoulos, D. E., Kapaskelis, A., and Falagas, M. E. (2013).
Impact of Antimicrobial Multidrug Resistance on Inpatient Care Cost: An
Evaluation of the Evidence. Expert Rev. Anti Infect. Ther. 11 (3), 321-331.
doi: 10.1586/eri.13.4

Touat, M., Opatowski, M., Brun-Buisson, C., Cosker, K., Guillemot, D., Salomon,
J., et al. (2019). A Payer Perspective of the Hospital Inpatient Additional Care
Costs of Antimicrobial Resistance in France: A Matched Case-Control Study.
Appl. Health Econ. Health Policy 17, 381-389. doi: 10.1007/s40258-018-0451-1

WHO Guidelines. (2017). Guidelines for the Prevention and Control of Carbapenem-
Resistant Enterobacteriaceae, Acinetobacter Baumannii and Pseudomonas
Aeruginosa in Health Care Facilities. (Geneva: World Health Organization).

Wilson, A. P. (2016). Screening for Carbapenem-Resistant Organisms. J. Hosp
Infect. 94 (2), 116-117. doi: 10.1016/j.jhin.2016.07.014

Wilson, A. P., Livermore, D. M., Otter, J. A., Warren, R. E., Jenks, P., Enoch, D. A.,
et al. (2016). Prevention and Control of Multi-Drug-Resistant Gram-Negative
Bacteria: Recommendations From a Joint Working Party. J. Hosp Infect. 92
(Suppl 1), S1-44. doi: 10.1016/j.jhin.2015.08.007

Xu, L., Sun, X,, and Ma, X. (2017). Systematic Review and Meta-Analysis of
Mortality of Patients Infected With Carbapenem-Resistant Klebsiella
Pneumoniae. Ann. Clin. Microbiol. Antimicrob. 16, 18. doi: 10.1186/s12941-
017-0191-3

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

March 2022 | Volume 12 | Article 852761


https://doi.org/10.1080/14787210.2020.1822736
https://doi.org/10.15537/smj.2018.9.22840
https://doi.org/10.15537/smj.2019.11.24586
https://doi.org/10.1186/s13756-020-00858-8
https://doi.org/10.1016/j.jhin.2020.12.001
https://doi.org/10.1016/j.cmi.2015.10.001
https://doi.org/10.1093/cid/cix893
https://doi.org/10.1086/671737
https://doi.org/10.1017/ice.2017.42
https://doi.org/10.1093/cid/ciab109
https://doi.org/10.1128/JCM.03264-15
https://doi.org/10.1586/14787210.2014.902306
https://doi.org/10.1016/j.ajic.2015.10.026
https://doi.org/10.16718/j.1009-7708.2021.04.001
https://doi.org/10.1016/j.jinf.2014.08.007
https://doi.org/10.1016/j.jinf.2014.08.007
https://doi.org/10.1093/trstmh/tru167
https://doi.org/10.1097/QCO.0000000000000682
https://doi.org/10.2174/187152611794407791
https://doi.org/10.1155/2019/9767313
https://doi.org/10.3969/j.issn.1009-7708.2015.04.015
https://doi.org/10.3969/j.issn.1009-7708.2015.04.015
https://doi.org/10.1186/s13756-017-0259-z
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1016/j.jhin.2020.12.021
https://doi.org/10.1186/s13099-018-0266-5
https://doi.org/10.1093/cid/ciz824
https://doi.org/10.1586/eri.11.77
https://doi.org/10.1080/21505594.2016.1255381
https://doi.org/10.1016/j.bjm.2016.10.002
https://doi.org/10.1016/j.anr.2021.02.005
https://doi.org/10.1017/ice.2017.211
https://doi.org/10.1586/eri.13.4
https://doi.org/10.1007/s40258-018-0451-1
https://doi.org/10.1016/j.jhin.2016.07.014
https://doi.org/10.1016/j.jhin.2015.08.007
https://doi.org/10.1186/s12941-017-0191-3
https://doi.org/10.1186/s12941-017-0191-3
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Zhang et al.

Nomogram for Predicting CRO Infection

Xu, J., Tong, L., Yao, J., Guo, Z., Lui, K. Y., Hu, X,, et al. (2019). Association of Sex
With Clinical Outcome in Critically Ill Sepsis Patients: A Retrospective
Analysis of the Large Clinical Database MIMIC-III. Shock 52 (2), 146-151.
doi: 10.1097/SHK.0000000000001253

Yang, P., Chen, Y, Jiang, S., Shen, P., Lu, X,, and Xiao, Y. (2018). Association
Between Antibiotic Consumption and the Rate of Carbapenem-Resistant
Gram-Negative Bacteria From China Based on 153 Tertiary Hospitals Data
in 2014. Antimicrob. Resist. Infect. Control 7, 137. doi: 10.1186/s13756-018-
0430-1

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhang, Liu, Shi, Cui, Liu, Lu, Xiao, Hua and Yang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

March 2022 | Volume 12 | Article 852761


https://doi.org/10.1097/SHK.0000000000001253
https://doi.org/10.1186/s13756-018-0430-1
https://doi.org/10.1186/s13756-018-0430-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	A Nomogram With Six Variables Is Useful to Predict the Risk of Acquiring Carbapenem-Resistant Microorganism Infection in ICU Patients
	Introduction
	Materials and Methods
	Patients and Definitions
	Data and Variables
	Statistical Analysis

	Results
	Characteristics of the Included Patients With CRO Infection
	CRO Infection Was Independently Associated With ICU-LOS and Mortality
	Development of a Predictive Nomogram and Its Validation

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


