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Abstract

Background: Multidrug-resistant organisms (MDROs) have emerged as an important cause of poor prognoses of
patients in the intensive care unit (ICU). This study aimed to establish an easy-to-use nomogram for predicting the
occurrence of MDRO colonization or infection in ICU patients.

Methods: In this study, we developed a nomogram based on predictors in patients admitted to the ICU in the First
Affiliated Hospital of Xiamen University from 2016 to 2018 using univariate and multivariate logistic regression
analysis. We externally validated this nomogram in patients from another hospital over a similar period, and
assessed its performance by calculating the area under the receiver operating characteristic (ROC) curve (AUC) and
performing a decision curve analysis.

Results: 331 patients in the primary cohort and 181 patients in the validation cohort were included in the statistical
analysis. Independent factors derived from the primary cohort to predict MDRO colonization or infection were male
sex, higher C-reactive protein (CRP) levels and higher Pitt bacteremia scores (Pitt scores), which were all assembled
in the nomogram. The nomogram yielded good discrimination with an AUC of 0.77 (95% Cl 0.70-0.84), and the
range of threshold probabilities of decision curves was approximately 30-95%.

Conclusion: This easy-to-use nomogram is potentially useful for predicting the occurrence of MDRO colonization
or infection in ICU patients.
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Introduction

Multidrug-resistant organisms (MDROs) have emerged
as an important cause of morbidity and mortality in pa-
tients worldwide [1]. Escalating rates of antibiotic re-
sistance add substantially to the morbidity, mortality,
and costs related to infections in hospitalized patients,
especially those in the intensive care unit (ICU) setting
[2, 3]. However, progress in treatment has been limited.
Few antibiotics have been developed in the last 30 years
[4]. Fortunately, the relevant departments have formu-
lated guidelines for the prevention and control of
MDROs [5]. Among them, the rational use of antibi-
otics is an important item. Predictors for the occur-
rence of MDRO colonization or infection would also be
valuable, aiding in empirical treatment when infection
occurs.

Previously reported factors, such as recent (within 90
days) treatment with three or more antimicrobial agents,
a previous MDRO colonization or infection, a hospital
stay > 15 days, an indwelling catheter for more than 20
days, and long-term mechanical ventilation, were all
strongly correlated with MDRO colonization or infection
[6, 7]. However, some of these factors are based on pa-
tient recall of their history, and ICU patients often ex-
perience disturbances of consciousness, which introduce
recall bias, while other factors display limited predictive
value. Furthermore, single predictors may not be reliable
in individual cases due to the complexity and heterogen-
eity of diseases in the ICU. Therefore, a model for pre-
dicting the occurrence of MDRO colonization or
infection is desirable.

A nomogram is a statistical instrument that accounts
for numerous variables to predict an outcome of interest
for an individual patient [8]. Nomograms are routinely
used to aid in decision making in cancer, trauma, neuro-
critical care, and other specialties [9—11]. The aim of this
study was to construct an easy-to-use nomogram for
predicting the occurrence of MDRO colonization or in-
fection in ICU patients, with the aim of providing an aid
for empirical treatment when infection occurs and for
screening of high-risk patients for subsequent prospect-
ive randomized controlled studies.

Materials and methods

Study design and external validation

A retrospective observational study was conducted on a
primary cohort of patients who presented to the ICU of
the First Affiliated Hospital of Xiamen University be-
tween January 2016 and December 2018. We developed
a nomogram from the primary cohort to predict MDRO
colonization or infection in the ICU. For external valid-
ation, an independent cohort from another hospital, Xia-
men Hospital of Traditional Chinese Medicine, was
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retrospectively enrolled over a similar period, using the
same inclusion and exclusion criteria.

This study was approved by the Medical Ethics Com-
mittee of the First Affiliated Hospital of Xiamen Univer-
sity and the Medical Ethics Committee of Xiamen
Hospital of Traditional Chinese Medicine. Informed
consent was waived because the study was conducted
retrospectively and no interventions were applied.

Study population and definitions

Patients were eligible for inclusion if they were aged =18
years and underwent at least one microbial culture dur-
ing their stay in the ICU. The following exclusion cri-
teria were used: MDROs were detected before the
patient entered the ICU or within the first 48 h in the
ICU.

Qualified samples were collected of cerebrospinal fluid,
sputum, urine, faeces, secretions, serous cavity effusion,
bile, blood, catheters, etc. The multidrug-resistant status
of the cultured bacteria was defined according to the
provisional standard definition of MDROs published in
Clinical Microbiology and Infection in 2012. MDROs
can be defined as those organisms that are simultan-
eously resistant to three or more antimicrobial agents
[12]. MDROs colonization was defined as the presence
of MDROs cultured from microbiology specimens with-
out evidence of tissue invasion or inflammation at that
body site. MDROs infection was defined as the invasion
of the body tissues by MDROs resulting in disease [13].
MDRO colonization or infection mentioned in this study
refers to the occurrence during the ICU stay. The
neutrophil-to-lymphocyte ratio (NLR) was determined
by dividing the absolute neutrophil count (N) by the ab-
solute lymphocyte count (L) [14]. The immunosuppres-
sive status refers to acquired immune deficiency
syndrome, advanced malignant tumors, transplantation,
splenectomy, long-term oral immunosuppressant use,
etc. Patients with MDRO colonization or infection con-
stituted the MDRO group, and those without MDRO
colonization or infection constituted the non-MDRO

group.

Data collection and measurements

Demographic and clinical data were collected from the
included patients by research coordinators and board-
certified ICU physicians using a case report form. They
reviewed the electronic medical records and verified the
final data. The following data, which may be related to
MDRO colonization or infection according to the litera-
ture and clinical experience, were extracted: general pa-
tient characteristics, including age, gender and
comorbidities; previous hospitalization history; bacterio-
logical and drug resistance test results; mechanical venti-
lation status, the use of pressure increasing drugs,
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tracheal intubation / incision, indwelling urethral cath-
eter or central venous catheter, state of consciousness
and the use of cardiopulmonary resuscitation, within the
first 24 h in the ICU; the levels of albumin (ALB), cre-
atinine (Cr), total bilirubin (TBil), platelets (PLTSs), oxy-
genation index (PaO,/FiO,), leucocyte count (WBC), N,
neutrophil percentage (N%), L, lymphocyte percentage
(L%), procalcitionin (PCT) and C-reactive protein (CRP),
within the first 48 h in the ICU; etc.. Laboratory indica-
tors were collected within the first 48 h in the ICU be-
cause some data was not available within the first 24 h,
and then circulating neutrophils and lymphocytes were
counted to calculate the NLR. To predict the occurrence
of MDRO colonization or infection, the Sequential
Organ Failure Assessment (SOFA) score, Acute Physi-
ology and Chronic Health Evaluation (APACHE) II score
and Pitt bacteremia score (Pitt score) were calculated at
the baseline from the information available in the ICU
registry at admission [15, 16]. Pitt score is a severity of
illness grading system, evaluating mental status, presence
or absence of fever, hypotension, mechanical ventilation
and cardiac status [15].
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Statistical analysis

For the development of the nomogram, we searched
for potential factors associated with MDRO
colonization or infection reported in previous studies
or based on clinical experience, that are able to be eas-
ily acquired in the early stages of ICU hospitalization.
Randomly missing data were filled by using Monte
Carlo multiple imputation methods [17]. Continuous
data were reported as the medians [interquartile
ranges]. Categorical data were presented as frequencies
or ratios. A univariate logistic regression model was
used to analyze factors that may be related to MDRO
colonization or infection. Variables with a P value of
0.2 or less in the univariate logistic regression analyses
were subjected to multivariate logistic regression ana-
lysis. The final selection of the multivariate logistic re-
gression model was based on backward stepwise
regression with the Akaike Information Criterion
(AIC) [18]. A nomogram was formulated based on the
results of the multivariate analysis of the primary co-
hort with the “rms” package, which allowed us to ob-
tain occurrence probability estimates [19].

Patients who presented to the ICU of the First Affiliated Hospital of Xiamen
University between January 2016 and December 2018 (n=1583)

Under age 18 (n=68)

| Without microbial culture (n=1151)

[ ICU patients met inclusion criteria (n=364) ]

Excluded:

MDROs were detected before
entering the ICU or within the
first 48 hours in the ICU (n=28)

)

A2
[ Eligible ICU patients (n=336) ]
Loss to follow-up:
Those who refused treatment and
further tests, and were merely
N receiving hospice care, making it

[ ICU patients in the ﬁrﬂl data analyses (n=331) ]

impossible for us to track the outcome
(n=5)

\

[ MDRO group (n=178) ]

Fig. 1 Flow chart for screening eligible patients

V.

[ non-MDRO group (n=153) ]
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We tested the accuracy of the nomogram by determin-
ing its discrimination using an external validation co-
hort. The predictive ability of the nomogram was
quantified by calculating the area under the receiver op-
erating characteristic (ROC) curve (AUC). An AUC
value of 1.0 indicates a perfect prediction, while 0.5 is
equivalent to the toss of a coin. Furthermore, we used
decision curve analysis to assess the benefits of
nomogram-assisted decisions in a clinical context [20].

Table 1 Demographic and clinical characteristics

A decision curve analysis incorporates the clinical
consequences of using a prediction rule by applying a
different weight to true and false positives. This
weighting is varied to reflect different patient prefer-
ences or differences in opinion about the risks of a
procedure. These preferences are expressed in terms
of a threshold probability for an action [21]. The
present study was compliant with the standard guide-
lines for prediction models [22].

Primary cohort (n=331)

Validation cohort (n=181)

Clinical characteristics
Age, years
Female, No (%)
Previous hospitalization, No (%)
Diabetes, No (%)
Chronic lung disease, No (%)
Chronic renal disease, No (%)
Liver cirrhosis, No (%)
Bulbar palsy, No (%)
Immunosuppressive status, No (%)
MDRO, No (%)
Organ function status
Need of vasopressor agents, No (%)
ALB, g/L
TBil, umol/L
PLT < 100x 10%/L, No (%)
Cr, umol/L
PaO,/FiO,, mmHg
Indwelling catheter
Tracheal intubation / incision, No (%)
Indwelling urethral catheter, No (%)
Indwelling central venous catheter, No (%)
Laboratory indicators
WBC, 10°/L
N%
L%
NLR
PCT, ug/L
CRP, mg/L
Scores
SOFA
APACHEII
Pitt

64.00 [52.00, 75.00]
125 (37.8)

105 (31.7)

80 (24.2)
32(9.7)
34 (10.3)
36 (109)
8 (24)

41 (124)
178 (53.8)

101 (30.5)

29.50 [25.80, 32.65]
1730 [9.10, 33.10]

98 (29.9)

76.00 [55.00, 135.50]
224.00 [153.50, 305.50]

218 (65.9)
308 (93.1)
289 (87.3)

11.96 [7.69, 17.43]
87.50 [81.40, 91.90]
6.10 [3.50, 10.90]
14.26 [7.61, 25.49]
1.86 [0.46, 16.93]
67.90 [24.00, 90.00]

7.00 [4.00, 9.00]
14.00 [11.00, 18.50]
2.00 [1.00, 4.50]

56.00 [43.00, 69.00]

29.00 [25.00, 34.00]
18.40 [11.90, 25.00]

33 (18.2)

91.00 [65.00, 124.00]
233.00 [175.00, 342.00]

133 (73.5)
169 (934)
81 (44.8)

14.30 [11.70, 18.00]
87.80 [83.90, 91.20]
6.40 [4.50, 10.00]
13.61 [8:67, 19.80]
038 [0.10, 2.46]
98.10 [47.90, 169.50]

7.00 [5.00, 9.00]
20.00 [14.00, 25.00]
4.00 [2.00, 7.00]

The quantitative data are normal distribution, expressed by mean + standard deviation; The quantitative data were skewed and expressed in the median (25-75%
percentile); Qualitative data were expressed in n%; MDRO multidrug-resistant organism; Alb albumin; TBil total bilirubin; PLT platelet; Cr creatinine; PaO,/FiO,,
oxygenation index; WBC, leucocyte count; N%, neutrophil percentage; L%, lymphocyte percentage; NLR neutrophil-to-lymphocyte ratio; PCT procalcitionin; CRP, C-
reactive protein; SOFA score, Sequential Organ Failure Assessment score; APACHEII score, Acute Physiology and Chronic Health Evaluation (APACHE) Il score; Pitt

score, Pitt bacteremia score
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All analyses were performed using R software (version
3.4.2, http://www.r-project.org/). All statistical tests were
two-sided, and P values of less than 0.05 were consid-
ered statistically significant.

Results
Patient characteristics
The flow chart of the process used to screen eligible pa-
tients is presented in Fig. 1. Of 364 patients who met the
inclusion criteria, 336 patients were eligible. Among
them, 5 patients were lost to follow-up. Finally, 331 pa-
tients in the primary cohort were included in the statis-
tical analysis.

The main characteristics of the study population are
shown in Table 1. In the primary cohort, 178 patients
(53.8%) comprised the MDRO group, and 153 patients
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(46.2%) constituted the non-MDRO group. In the valid-
ation cohort, 97 patients (53.6%) comprised the MDRO
group, and 84 patients (46.4%) constituted the non-
MDRO group.

Independent predictors of MDRO colonization or

infection

Univariate analysis indicated that male sex, higher CRP
levels and higher Pitt scores were associated with
MDRO colonization or infection (Table 2). Multivariate
analysis continued to demonstrate that the above three
variables were independent predictors for MDRO
colonization or infection, including female sex (odds ra-
tio [OR] 0.56, 95% confidence interval [CI] 0.35-0.89,
p=0.014), CRP (OR 1.06, 95% CI 1.02-1.09, p = 0.002)

Table 2 Logistic regression analysis of predictive factors for MDRO colonization or infection in ICU patients

Univariate logistic regression analysis

Multivariate logistic regression analysis

OR (95% CI) P value OR (95% Cl) P value
Age, years 1.004 (0.99-1.02) 0.526
Female 0.59 (0.38-0.92) 0.021 0.56 (0.35-0.89) 0.014
Previous hospitalization 1.22 (0.77-1.95) 0.403
Diabetes 140 (0.84-2.34) 0.201
Chronic lung disease 1.29 (0.62-2.76) 0.505
Chronic renal disease 44 (0.70-3.05) 0326
Liver cirrhosis 0.66 (0.32-1.31) 0.237
Bulbar palsy 051 (0.10-2.10) 0.358
Immunosuppressive status 140 (0.72-2.78) 0325
Need of vasopressor agents 1.04 (0.65-1.67) 0.870
ALB, g/L 1.03 (0.99-1.07) 0.158
TBil, umol/L 1.00 (0.99-1.003) 0.379
PLT < 100 x 10%/L 1.13 (0.70-1.83) 0.609
Cr, umol/L 1.00 (0.99-1.002) 0912
PaO,/FiO,, mmHg 1.00 (0.99-1.002) 0.784
Tracheal intubation / incision 44 (0.91-2.29) 0.116
Indwelling urethral catheter 1.56 (0.67-3.76) 0.308
Indwelling central venous catheter 1.33 (0.69-2.55) 0393
WBC, 107/L 0.99 (0.97-1.02) 0.650
N% 0.99 (0.97-1.01) 0442
L% 1.01 (0.98-1.05) 0391
NLR 1.00 (0.99-1.01) 0.879
PCT, ug/L 1.00 (0.99-1.004) 0430
CRP, 10 mg/L 1.05 (1.02-1.09) 0.004 1.06 (1.02-1.09) 0.002
SOFA 0.99 (0.93-1.05) 0811
APACHEI 1.01 (0.97-1.05) 0570
Pitt 1.13 (1.04-1.23) 0.003 1.13 (1.03-1.22) 0.006

MDRO multidrug-resistant organism; Alb albumin; TBil total bilirubin; PLT platelet; Cr creatinine; PaO,/FiO, oxygenation index; WBC leucocyte count; N%, neutrophil
percentage; L%, lymphocyte percentage; NLR neutrophil-to-lymphocyte ratio; PCT procalcitionin; CRP C- reactive protein; SOFA score Sequential Organ Failure
Assessment score; APACHEII score Acute Physiology and Chronic Health Evaluation (APACHE) Il score; Pitt score, Pitt bacteremia score
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and Pitt score (OR 1.13, 95% CI 1.03-1.22, p =0.006)
(Table 2).

The nomogram for predicting the occurrence of MDRO
colonization or infection: performance and validation
We created a nomogram to predict the probability of
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ICU patients (Fig. 2a). The nomogram integrated all
three significant independent predictors determined
from the multivariate analysis in the primary cohort.
When using the nomogram, the patient’s gender was lo-
cated, and a line was drawn straight up to the points on
the axis to establish the score associated with that gen-

the occurrence of MDRO colonization or infection in  der. This process was repeated for the other two
Point 0 20 40 60 80 100
Pitt scores 0 2 4 6 8 10 12 14
CRP, mg/L 0 50 100 150 200 250 300 350 400 450 500
Gender Male
Female
Total point 5 20 40 60 80 100 120 140
Probabilty )03 04 05 06 07 08 084088 002094
Point 0 2 40 60 80 100
Pitt scores 0O B2 6 & 10 12 14
CRP, mg/L
0 50 [100 150 200 250 300 350 400 450 500
Gender M .ale
Female
. 66.5
Total point. 5 20 40 60 8 100 150 140
fn O.637l
Probabilit
oY 0203 04 05 06 07 08 084088 092094
Fig. 2 a The nomogram to predict the occurrence of MDRO colonization or infection in ICU patients. This nomogram provides a method of
calculating the probability of the occurrence of MDRO colonization or infection in the ICU based on a patient’s combination of covariates in the
early stages of the ICU stay. To use the nomogram, locate the patient’s gender, and draw a line straight up to the points axis to establish the
score associated with that gender. Repeat for the other two covariates. Add the scores for each covariate together, and locate the total score on
the total points axis. Draw a line straight down to the linear predictor axis to obtain the probability. b. An example of how to use the nomogram
to predict the occurrence of MDRO colonization or infection in ICU patients. A male patient has a CRP value of 50 mg/L within 48 h of entering
the ICU, and his Pitt score is 6 points. The points for each predictor add up to 66.5. A vertical line is then drawn from 66.5 on the “Total points”
line down to the last lines to predict further MDRO colonization or infection (63.7%)
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covariates. The scores for each covariate were added,
and the total score on the axis depicting the total points
was located. A line was drawn straight down to the lin-
ear predictor axis to obtain the probability. An example
of how to use the nomogram to predict the occurrence
of MDRO colonization or infection in ICU patients is
presented in Fig. 2b.

The predictive ability of the nomogram was externally
confirmed in the validation cohort. The AUC for the
nomogram was 0.77 (95% CI 0.70-0.84), indicating good
discrimination (Fig. 3a). Figure 3b illustrates the decision
curves for the nomogram. The gray line represents the
net benefit of a strategy of predicting all patients. The
black line indicates the net benefit of predicting no pa-
tients. The dotted line represents the net benefit of pre-
dicting patients according to the nomogram. The
nomogram-based decisions were supported in the range
of threshold probabilities of approximately 30—-95%, indi-
cating the clinical usefulness of the nomogram.

The distribution of MDROs in the primary cohort

In 178 cases of MDROs in the primary cohort, Acineto-
bacter baumannii (#z = 62, 30.0%) was the most common
among gram-negative bacteria, followed by Escherichia
coli (n=51, 24.6%); among gram-positive bacteria, the
majority of cases involved Enterococcus faecium (n=17,
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37.8%), followed by methicillin-resistant Staphylococcus
aureus (MRSA) (1 =9, 20.0%) (Table 3).

Discussion

With the widespread use of antibiotics, bacterial drug re-
sistance is becoming increasingly serious. However, pro-
gress in treatment has been limited [4]. Rational use of
antibiotics is of importance to prevent and control
MDRO infections [4, 5, 23].

For empirical treatment decision assistance, we identi-
fied independent parameters from data available in the
early stage of the ICU stay and constructed a novel
nomogram for predicting the occurrence of MDRO
colonization or infection.

Our nomogram has several strengths. A remarkable
strength is its ease of use. The parameters obtained from
the patient status in the early stages of the ICU stay are
well defined, easily measured, and routinely available.
The construction of our model using the Pitt score, CRP
level and gender, which do not require information
about the diagnosis and detailed medical history, may
present an advantage in the ICU setting [15, 16]. An-
other advantage of our nomogram is that it was sub-
jected to an independent external validation process and
showed good discrimination. In addition, the use of the
nomogram has another advantage over previous models.
As long as the results of relevant factors are input into

1.00 A
0.75 -
2>
= 0.50
B
c
Q
2]
0.25 -
AUC (95%Cl): 0.77 (0.70-0.84)
0.00 -
1.00 0.75 0.50 0.25 0.00
specificity

probabilities of approximately 30-95%

Fig. 3 a. The receiver operating characteristic curves for the nomogram in the external validation cohort. The AUC for our model was 0.77 (95%
Cl 0.70-0.84). b. Decision curves for the overall incidence of MDRO colonization or infection according to the nomogram in the external
validation cohort. Gray line: net benefit of a strategy of predicting all patients; black line: net benefit of predicting no patients; dotted line: net
benefit of predicting patients according to the nomogram. The nomogram-based decisions were supported in the range of threshold
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Table 3 Bacterial species of 178 patients with MDROs in the
primary cohort

Species n Percentage
Gram-negative bacterium 207

Acinetobacter baumannii 62 30.0%
Escherichia coli 51 24.6%
Klebsiella pneumoniae 40 19.3%
Pseudomonas aeruginosa 24 11.6%
Stenotrophomonas maltophilia 11 5.3%
Burkholderia cepacia 8 3.9%
Meningitis Elizabeth 3 1.4%
Enterobacter cloacae 3 1.4%
Citric acid bacteria 2 1.0%
Haemophilus influenzae 1 0.5%
Proteus mirabilis 1 0.5%
Sphingosporin oligosporium 1 0.5%
Gram-positive bacterium 45

Enterococcus faecium 17 37.8%
MRSA 9 20.0%
Staphylococcus haemolyticus 7 15.6%
Staphylococcus capitatus 4 8.9%
MSSA 4 8.9%
Coagulase negative- 3 6.7%
Staphylococcus

Streptococcus pneumoniae 1 2.2%

MDROs Multiple drug-resistant organisms; MRSA, methicillin-resistant
Staphylococcus aureus; MSSA methicillin-sensitive Staphylococcus aureus; 2
species of MDROs colonization or infection in 50 cases; 3 species of MDROs
colonization or infection in 12 cases; Both gram-positive and gram-negative
MDROs colonization or infection in 26 cases

the nomogram according to the steps shown in Fig. 2b,
the corresponding results are obtained easily. This helps
in quantitatively calculating the probability of MDRO
colonization or infection.

The nomogram established in the present study incor-
porated three factors, namely, the male sex, CRP level,
and Pitt score. CRP is an inflammatory marker that has
been used in clinical practice for decades [24]. Many
previous studies have suggested the utility of the CRP
level as an outcome predictor in critically ill patients
with sepsis [25, 26]. We determined for the first time
that the CRP level also has predictive value for MDRO
colonization or infection. Pitt scores have been widely
used to evaluate the prognosis and infection potential of
critically ill patients [27, 28]. To the best of our know-
ledge, the present study is the first to focus on assessing
the Pitt score as an indicator of MDRO colonization or
infection. In a study on nosocomial sepsis by Kavitha S
et al,, a high degree of multidrug resistance was observed
among both gram-positive and gram-negative organisms
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in patients with nosocomial sepsis, and male gender was
the independent predictor of mortality [29]. These find-
ings may confirm to some extent the relationship be-
tween male gender and MDROs infection. In other
words, all the factors revealed as significantly predictive
in our study are plausible.

Notably, the nomogram only applies to adult patients
in the ICU. Its purpose is to predict the occurrence of
MDRO colonization or infection during the ICU stay,
excluding MDROs that are detected before entry into
the ICU or within the first 48 h in the ICU.

Some limitations must also be recognized when inter-
preting the results. First, the nomogram was developed
based on data obtained retrospectively at a single center,
and only patients with microbial culture were included
in the study. Further studies are warranted to explore
whether this nomogram can be extended to all ICU pa-
tients. Second, other valuable predictors may have been
ignored in our analysis. Our nomogram might be im-
proved as additional predictive variables are incorpo-
rated; it is not a finished product that is perfectly able to
predict MDRO colonization or infection in the ICU.
Third, our nomogram only predicts the occurrence of
MDRO colonization or infection, but does not implicate
any causal relationship between gender, CRP, Pitt score
and occurrence of MDRO colonization and/or infection.

Conclusions

Three independent predictors, male sex, higher CRP
level and higher Pitt score, were identified in our study.
These predictors are readily available during the early
ICU stay and can be assembled to construct an easy-to-
use nomogram predicting MDRO colonization or infec-
tion. Thus, the nomogram is potentially useful for pre-
dicting the occurrence of MDRO colonization or
infection in ICU patients.

Abbreviations

MDROs: Multidrug-resistant organisms; ICU: Intensive care unit; ROC: Receiver
operating characteristic; AUC: Area under the receiver operating
characteristic curve; CRP: C-reactive protein; Pitt scores: Pitt bacteremia
scores; NLR: Neutrophil-to-lymphocyte ratio; N: Absolute neutrophil count;
L: Absolute lymphocyte count; ALB: Albumin; Cr: Creatinine; TBil: Total
bilirubin; PLTs: Platelets; PaO,/FiO,: Oxygenation index; WBC: Leucocyte
count; N%: Neutrophil percentage; L%: Lymphocyte percentage;

PCT: Procalcitionin; SOFA: Sequential Organ Failure Assessment score;
APACHE II: Acute Physiology and Chronic Health Evaluation Il score;

AIC: Akaike Information Criterion; OR: Adds ratio; Cl: Confidence interval;
MRSA: Methicillin-resistant Staphylococcus aureus; MSSA: Methicillin-sensitive
Staphylococcus aureus

Acknowledgements

The authors are indebted to Xiamen Municipal Bureau of Science and
Technology, Fujian Provincial Health and Family Planning Commission, the
medical records and bacteria department of our hospital for their help and
thank all the anonymous reviewers for their valuable comments and
suggestions on improving the quality of our study.



Wang et al. Antimicrobial Resistance and Infection Control

Authors’ contributions

ZJT, WL, WYJ, ZWZ, YQ, WWP, YZQ, LQY and HX contributed to the
acquisition of the data. WL and HXL wrote the initial draft of this paper. HXL
performed the statistical analyses. ZMW and WL contributed to the
conception and design of the study. ZMW and ZP contributed to the
revision of this paper and the final approval of the version to be published.
All' authors have read and approved the final manuscript.

Funding

This study was supported by research grants from Xiamen Municipal Bureau
of Science and Technology Project (No: 3502220199129 and 3502720154006)
and Fujian Provincial key discipline Project (No: 2018. 145).

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

Ethical approval was granted according to national requirements. This study
was approved by the Medical Ethics Committee of the First Affiliated
Hospital of Xiamen University and the Medical Ethics Committee of Xiamen
Hospital of Traditional Chinese Medicine. Informed consent was waived
because the study was conducted retrospectively and no interventions were
applied.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Intensive Care Unit, Xiamen Hospital of Traditional Chinese Medicine, 1739
Xian Yue Road, Xiamen 361009, Fujian Province, China. 2Intensive Care Unit,
First Affiliated Hospital of Xiamen University, 55 Zhen Hai Road, Xiamen
361000, Fujian Province, China.

Received: 20 December 2019 Accepted: 5 May 2020
Published online: 19 May 2020

References

1. Rice LB. Federal funding for the study of antimicrobial resistance in
nosocomial pathogens: no eskape. Infect Dis. 2008;197(8):1079-81.

2. Albiger B, Glasner C, Struelens MJ, Grundmann H, Monnet DL.
Carbapenemase-producing Enterobacteriaceae in Europe: assessment by
national experts from 38 countries. Euro Surveill. 2015;20(45):1-18.

3. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG,
et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard deinitions for
acquired resistance. Clin Microbiol Infect. 2012;18(3):268-81.

4. Organization W H. Antimicrobial resistance: global report on surveillance.
Australasian Med J. 2014;7(4):237.

5. Ministry of Health PRC. Technical guidelines for the prevention and control
of nosocomial infection with multidrug resistant bacteria (trial). Chin Crit
Care Med. 2011;13(2):108-9.

6. Bai PF, Hu SQ, Wu XY, Yang WJ. Study on risk factors of infection or
colonization caused by multiple drug-resistant organisms from ICU patients.
World Latest Med Inform. 2018;18(09):4-8.

7. Huang X, Deng ZD, Ni YX, Deng M, Hu BJ, Li LY, et al. Consensus among
Chinese experts on the prevention and control of multidrug resistant
bacteria nosocomial infection. Chin J Infection Control. 2015;14(1):1-9.

8. Kattan MW. Nomograms. Intro Semin Urol Oncol. 2002;20:79-81.

9. Andrea N, Guru S, Salvatore LV, Daniele G, Aristotelis B, Crabb Simon J, et al.
Nomogram-based Prediction of Overall Survival in Patients with Metastatic
Urothelial Carcinoma Receiving First-line Platinum-based Chemotherapy:
Retrospective International Study of Invasive/Advanced Cancer of the
Urothelium (RISC). Eur. Urol. 2017;71:281-9.

10. Young LJ, Hyun CD, Gil LJ, Hyejung S, Lee Yeon J, Hwan LS. A nomogram
predicting the need for abdominal and pelvic computed tomography in
blunt trauma patients: a retrospective cohort study. Int J Surg. 2017,47:127-34.

(2020) 9:66

Page 9 of 9

11. Lara J,Ruta Y, Kevin C, Laura T, Lo RG, Gregory W, et al. Development and
validation of nomograms to provide individualised predictions of seizure
outcomes after epilepsy surgery: a retrospective analysis. Lancet Neurol.
2015;14:283-90.

12. Li CH, Wu AH. MDR, XDR and PDR provisional standard definition of
multidrug resistance bacteria-international expert recommendation. Chin J
Infect Cont. 2014;13(1):62-4.

13.  Casadevall A, Pirofski L-A. Host-pathogen interactions: basic concepts of
microbial commensalism, colonization, infection, and disease. Infect Immun.
2000;68:6511-8.

14.  Zahorec R. Ratio of neutrophil to lymphocyte counts—rapid and simple
parameter of systemic inflammation and stress in critically ill. Bratisl Lek
Listy. 2001;102(1):5-14.

15. Hill PC, Birch M, Chambers S, Drinkovic D, Ellis-Pegler RB, Everts R. Et al.
Prospective study of 424 cases of Staphylococcus aureus bacteraemia:
determination of factors affecting incidence and mortality. Int Med J. 2001;
31(2):97-103.

16. Wu T. The incidence and prognosis of ventilator-associated pneumonia
were evaluated by different scoring systems. Med Theory Practice. 2012;
25(9):1020-9.

17. Van Buuren S, Groothuis-Oudshoorn K. Mice: multivariate imputation by
chained equations in R (article). J Stat Softw. 2011;45(3):1-67.

18.  Bozdogan H. Model selection and Akaike's information criterion (AIC): the
general theory and its analytical extensions. Psychometrika. 1987,52:345-70.

19.  Frank E, Harrell Jr. Rms: Regression Modeling Strategies. R Package version 3.
4-2. https://cran.r-project.org/web/packages/rms/index.html.

20. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating
prediction models. Med Decis Mak. 2006;26(6):565-74.

21, Secin Fernando P, Bianco Fernando J, Angel C, Eastham James A, Scardino
Peter T, Bertrand G, et al. Is it necessary to remove the seminal vesicles
completely at radical prostatectomy? Decision curve analysis of European
Society of Urologic Oncology criteria. J. Urol. 2009;181:609-13 discussion 614.

22, Collins GS, Reitsma JB, Altman DG, KGM M. Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis
(TRIPOD): the TRIPOD statement. Ann Intern Med. 2015;162:55-63.

23, Strich JR, Palmore TN. Preventing transmission of multidrug-resistant
pathogens in the intensive care unit. Infect Dis Clin N Am. 2017;31(3):535-50.

24. Vincent JL, Donadello K, Schmit X. Biomarkers in the critically ill patient: C-
reactive protein. Crit Care Clin. 2011;27:241-51.

25. Ryu JA, Yang JH, Lee D, Park CM, Suh GY, Jeon K; et al. Clinical usefulness of
procalcitonin and C-reactive protein as outcome predictors in critically ill
patients with severe sepsis and septic shock. PLoS One. 2015;10(9):
€0138150.

26. Devran O, Karakurt Z, Adiguizel N, Gingor G, Mogin QY, Balci MK; et al. C-
reactive protein as a predictor of mortality in patients affected with severe
sepsis in intensive care unit. Multidiscip Respir Med. 2012;7(1):47.

27. Lee CC, Lee CH, Hong MY, Tang HJ, Ko WC. Timing of appropriate empirical
antimicrobial administration and outcome of adults with community-onset
bacteremia. Crit Care. 2017;21:119.

28.  Vaquero-Herrero MP, Ragozzino S, Castafio-Romero F, Siller-Ruiz M, Sdnchez
Gonzdlez R, Garcia-Sanchez JE, et al. The Pitt bacteremia score, Charlson
comorbidity index and chronic disease score are useful tools for the
prediction of mortality in patients with Candida bloodstream infection.
Mycoses. 2017;60(10):676-85.

29. Kavitha S, Madhura P, Vandana Kalwaje E, Mukhopadhyay C. Clinico-
microbiological profile and outcomes of nosocomial sepsis in an Indian
tertiary care hospital - a prospective cohort study. Pathog Global Health.
2015;109(5):228.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://cran.r-project.org/web/packages/rms/index.html

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Study design and external validation
	Study population and definitions
	Data collection and measurements
	Statistical analysis

	Results
	Patient characteristics
	Independent predictors of MDRO colonization or infection
	The nomogram for predicting the occurrence of MDRO colonization or infection: performance and validation
	The distribution of MDROs in the primary cohort

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

