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Stroke has been a leading cause of mortality in China. Stroke-associated infections
(SAl) are common complications, occurring in 5-65% of stroke patients. Faced with
SA|, clinicians often are placed in a considerable dilemmma. On the one hand, preventive
overuse of antibiotics will lead to the emergence of drug-resistant bacteria. On the other
hand, treatment delay of the infection will likely result in a poor outcome. Therefore, it is
necessary to determine the early predictors of post-stroke infection to screen patients
with high infection risk for early clinical intervention, thereby promoting and improving
survival rates. We assessed 257 patients with acute ischemic stroke from a consecutive
retrospective cohort. Data of these patients were obtained from three hospitals (TongdJi
Hospital and its two branches) between August 2018 and June 2019. Of these patients,
59 (23.0%) developed SAIl. SAl was defined according to the modified Centers for
Disease Control and Prevention criteria. There were 38 patients (64.4%) who developed
pneumonia, 11 with urinary tract infections (18.6%), and 10 with other infections (16.9%).
We found that a higher neutrophil-to-lymphocyte ratio (adjusted odds ratio [aOR] = 1.16;
95% confidence interval [Cl], 1.01-1.33; P = 0.034), National Institutes of Health Stroke
Scale score (aOR = 1.18; Cl, 1.09-1.27; p < 0.001), and dysphagia (aOR = 2.95;
Cl, 1.40-6.22; P = 0.004) were risk factors for SAl. Of note, hypertriglyceridemia (aOR
=0.35; Cl, 0.13-0.90; P = 0.029) was a protective factor, lowering the risk of SAl. To this
end, a reliable nomogram was constructed for the prediction of SAl in our study (mean
C-index value 4 standard deviation = 0.821 + 0.03). It has the potential to be widely
used and may help identify patients at high risk for SAl and make timely clinical decisions.
Given our study was based on relatively small dataset, the results should be interpreted
with care and external validation in independent datasets is very necessary.
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INTRODUCTION

Stroke is a debilitating disease and has been a leading cause of
mortality in China. It is imperative to conduct clinical studies
in search of strategies to reduce complications and increase the
survival rate among stroke patients. Stroke-associated infections
(SAI), such as pneumonia and urinary tract infection (UTI), are
common complications, occurring in 5-65% of stroke patients
(1). Numerous evidence has demonstrated that SAI increases
the occurrence of severe disabilities and mortality and lengthens
hospitalization duration (2-4). Faced with SAI clinicians often
are placed in a considerable dilemma. On the one hand,
preventive overuse of antibiotics will lead to the emergence of
drug-resistant bacteria. On the other hand, treatment delay of
the infection will likely result in a poor outcome. Therefore,
it is necessary to determine the early predictors of post-
stroke infection to screen patients with high infection risk for
early clinical intervention, thereby promoting and improving
survival rates.

Early studies identified several risk factors for SAIL such as an
older age, the male sex, diabetes mellitus, hypertension, chronic
obstructive pulmonary disease, stroke severity, and dysphagia
(5, 6). Besides, recent studies have demonstrated that stroke-
induced immunosuppression is another major cause of infections
in patients with stroke (7, 8), causing the downregulation of
systemic immune responses with a decrease in peripheral blood
lymphocyte count or an increase in neutrophil-to-lymphocyte
ratio (NLR) (7, 9). However, vital parameters, such as the
length of the follow-up period, baseline risk factors, and clinical
definitions, vary significantly (1). There is not enough research
based in China, a country often considered to have a high
incidence of antibiotic abuse and nosocomial infections (10, 11).
Hence, determining objective and easily obtainable indicators to
predict SAI in stroke patients in China is of essence.

In this multi-center retrospective study, our goal was to
investigate the predictors associated with SAI in patients after
stroke and to establish a convenient and accurate predictive
nomogram of SAI risk in patients, calculating a probabilistic
estimate to guide clinical decisions.

MATERIALS AND METHODS

Patient Selection

Our study was conducted at three independent hospitals (Tong]Ji
Hospital and its two branches) between August 2018 and June
2019. Patients with acute ischemic stroke who were admitted
within 7 days of symptom onset were recruited into the study (n
= 359). All participants involved in this study provided written
informed consent according to the Declaration of Helsinki,
which was approved by the Ethics Committee of Tongji Medical
College, Huazhong University of Science and Technology (ID:TJ-
IRB20171108). The diagnosis of a stroke was confirmed by
a neurologist based on computed tomography or magnetic
resonance imaging findings and relevant symptoms. Imaging
examinations and venous blood tests in the fasted state were
conducted within 24 h after admission.

The exclusion criteria were as follows: age < 18 years, lack
of blood cell data, a history of cancer, hematologic disease or
ongoing immunosuppressant treatment, severe hepatic or renal
diseases, white blood cell count (WBC) > 11 x 10° /L at
admission, or active infection within the last 2 weeks. After
evaluation, we enrolled 257 patients for analysis, including 59
with SAI (Figure 1).

In this study, SAI was diagnosed by the treating physician
according to the Centers for Disease Control and Prevention
criteria during the first 7 days after stoke onset (12, 13). Patients
with infection after stroke must meet these exact standards,
and the diagnoses were divided into the following three types:
pneumonia, UTI, and other infections. Pneumonia was defined
as the presence of relevant respiratory clinical symptoms and/or
signs, with at least one of the following: leukocytosis (>11 x
10° cells/L), fever (temperature > 38.0°C), or a positive chest
radiograph. UTI was defined based on the presence of relevant
clinical symptoms and/or signs with positive microbiological
cultures, or negative cultures with leukocytosis, and/or fever. The
“other infections” group included patients with fever combined
with leukocytosis who did not meet the pneumonia or UTI
diagnosis criteria (14-16).

Parameter Acquisition

The following sociodemographic, clinical, and laboratory data
were used in our analysis: age, sex, comorbidities (hypertension,
diabetes, hyperlipidemia, atrial fibrillation), current smoker
and/or drinker status (within the last 6 months), use of
thrombolysis, stroke severity upon admission based on the
National Institutes of Health Stroke Scale (NIHSS) score
and the modified Rankin Scale (mRS) score, presence of
dysphagia (based on the water swallow test), and blood indices
such as total homocysteine (tHCY), blood cell counts, lipid
level, blood glucose, NLR, and lymphocyte subsets counts.
The NLR was calculated by dividing the absolute neutrophil
count by the absolute lymphocyte count. Hyperlipidemia was
defined as hypercholesterolemia (fasting plasma cholesterol
level > 200 mg/dL) and hypertriglyceridemia (fasting plasma
triglyceride level > 150 mg/dL) based on the blood-lipid
level (17, 18). All blood tests were conducted within 24h
of admission.

Statistical Analyses

Continuous data are presented as medians and interquartile
ranges and compared using the Mann-Whitney U-test.
Categorical data are presented as frequencies and proportions,
and the chi-square test and Fisher’s exact test were used to
compare these variables. Variables that were easily obtained
in clinical practice were included for the derivation of the
model predicting the SAI risk based on previous literature.
Variables with P < 0.10 in univariate analysis results were
subjected to multivariable logistic regression analysis in a
stepwise manner. Statistical analyses to identify predictors were
performed using Statistical Package for the Social Sciences
version 22.0 (SPSS, Chicago, IL). In addition, the nomogram was
formulated based on these predictors in multivariate analysis
using the package “rms” in R (version 3.5.2, http://www.r-
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3. cancer, hematologic disease,severe hepatic or renal
diseases or immunosuppressant treatment (n=34)

5. active infection within the last 2 weeks (n=18)

6. WBC>11x1049 at admission (n=38)

Final analysis (n=257)
SAl :59
Non-SAIl :198

FIGURE 1 | Enroliment flow chart of study cohort.

project.org/). Validation of the nomogram was performed based
on its discrimination and calibration abilities. The concordance
index [equivalent to the area under the curve [AUC] value,
presented as C-index =+ standard deviation] reflected the
model’s discrimination ability, wherein higher the C-index,
the better the nomogram’s accuracy to identify in-hospital
patients’ SAI risk. Calibration curves were constructed to
evaluate the model’s predictive accuracy by comparing the
predicted probability with the observed probability in our
study. The calibration curve was deemed appropriate if dots
on the calibration plot were close to a 45° diagonal line. These
calibration activities were conducted using bootstraps with
1,000 resamples.

RESULTS

The study included 257 patients with acute ischemic stroke, with
59 (23.0%) patients developing SAI. Of those with SAIL, there were
38 patients (64.4%) who developed pneumonia, 11 with UTIs
(18.6%), and 10 with other infections (16.9%). Table 1 presents
the baseline characteristics of SAI patients and non-SAI patients.
The frequency of dysphagia (P < 0.001) and atrial fibrillation (P

= 0.002) was higher in SAI patients. Meanwhile, patients with
SAI tended to have higher NIHSS (P < 0.001) and mRS (P <
0.001) scores, leukocyte counts (P = 0.041), neutrophil counts
(P = 0.001), and NLR (P < 0.001) on admission. However,
lymphocyte (P = 0.001), CD4+ T cell counts (P < 0.001), CD8+
T cell counts (P = 0.011) and hypertriglyceridemia levels (P =
0.004) were lower and more infrequent in those with SAL

In the multivariable logistic regression analysis, NLR (adjusted
odds ratio [aOR] = 1.16; 95% confidence interval [CI], 1.01-
1.33; P = 0.034) and hypertriglyceridemia (aOR = 0.35; CI,
0.13-0.90; P = 0.029) remained significant after adjusting for
confounders (Table 1). Besides, dysphagia (aOR = 2.95; CI, 1.40-
6.22; P = 0.004) and NIHSS scores (aOR = 1.18; CI, 1.09-1.27; p
< 0.001) were also significant. These variables were independent
of each other.

Comparing the predictive power among NLR, the newly
discovered index: CD4+ T cell count, and conventional
inflammatory markers, the study demonstrated that NLR (0.707
[0.647-0.762]) had a higher AUC than leukocyte (0.588 [0.525-
0.648]), neutrophil (0.646 [0.584-0.704]), and CD4+ T cell
(0.680 [0.619-0.736]) counts (Figure 2). Although we did not
find a significant difference between NLR and CD4+ T cell
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TABLE 1 | Comparison of baseline characteristics between SAl and Non-SAl.

Non-sal (n = 198) Sal (n = 59) Univariate analysis Multivariate analysis
P-value P-value OR 95%ClI

Sex, female (n, %) 51 (25.76%) 17 (28.81%) 0.640

Age, years, median (IQR) 60 (50.25-66) 61 (52.5-70.5) 0.132

Diabetes (n, %) 58 (29.29%) 16 (27.12%) 0.746

Hypertension (n, %) 144 (72.73%) 42 (71.19%) 0.816

Smoking (n, %) 87 (43.94%) 23 (38.98%) 0.499

Drinking (n, %) 73 (36.87%) 19 (32.20%) 0.512

Dysphagia (n,%) 27 (13.64%) 26 (44.07%) <0.001* 0.004* 2.95 1.40-6.22
NIHSS, median (IQR) 2 (1-5) 7 (4-12) <0.001* <0.001* 1.18 1.09-1.27
MRS, median (IQR) 1(1-2) 3 (2-4) <0.001*

Hypercholesterolemia (n, %) 17 (8.59%) 3 (5.08%) 0.580

Hypertriglyceridemia (n, %) 57 (28.79%) 6 (10.17%) 0.004* 0.029* 0.35 0.13-0.90
Thrombolysis (n, %) 0.075

Intravenous 6 (3%) 6 (10.17%)
Intra—arterial 1(0.51%) 1(1.69%)

HCY, pmol/L, median (IQR) 18.55 (10.9-17) 13.9 (10.35-17.5) 0.921

Leukocyte, x10%/pL, median (IQR) 6.49 (5.43-7.85) 7.08 (5.39-9.52) 0.041*

Neutrophil, x10%/uL, median (IQR) 4.02 (3.16-5.08) 4.99 (3.60-6.92) 0.001*

Lymphocyte, x10%/pL, median (IQR) 1.66 (1.31-2.08) 1.35(1.07-1.79) 0.001*

NLR, median (IQR) 2.38 (1.74-3.35) 3.9 (2.57-5.52) <0.001* 0.034* 1.16 1.01-1.33
CD4+T, /pL, median (IQR) 653.66 (491.25-845.75) 500 (393-592) <0.001*

CD8+T, /pL, median (IQR) 304.50 (215.75-404) 251 (181-329.50) 0.011*

NK, /uL, median (IQR) 189.50 (123-279.50) 168 (96-244) 0.052

Th/Ts, median (IQR) 2.27 (1.73-2.85) 1.95 (1.60-2.65) 0.062

Atrial fibrillation (n,%) 5 (2.52%) 8 (13.56%) 0.002*

Admission blood glucose, median (IQR), mmol/L 5.43 (4.95-6.29) 5.69 (5.21-6.55) 0.066

OR, Odds Ratio; CI, Confidence Interval; Variables with P < 0.10 in univariate analysis were included in multivariable logistic regression models for adjustment; *P < 0.05.
Multivariable logistic regression adjusted for age, sex, stroke risk factors, thrombolysis, Hypercholesteremia, Hypertriglyceridemia, CD4+ T cell counts, NK cell counts, Th/Ts, NLR,

admission NIHSS score, mRS score, and blood glucose, and Dysphagia.

counts, the difference between NLR and leukocyte and neutrophil
counts was significant.

In addition, all the independent predictors identified in
the multivariate logistic regression analysis of SAI were
considered while constructing the nomogram (Figure 3A).
Each predictor was projected upward to obtain the matching
points on the small ruler (points) and the points assigned
to the corresponding predictors were added up to obtain
the total points. Then, a vertical line was drawn down
from the “Total points” axis to the “risk” axis, and the
corresponding risk of SAI was obtained. We then assessed
the discrimination accuracy of this forecasting model. The
Harrell’s mean c-index value (&£ standard deviation) for the
nomogram was 0.821 £ 0.03 (Figure 3B). With a cut-off value
of 0.1768, the sensitivity and the specificity were 78.0 and
72.3%, respectively. Furthermore, the calibration curves for
this nomogram demonstrated an excellent agreement between
the predicted probability of SAI and the actual observations,
with data points on the plots near to the 45° diagonal line
(Figure 3C). This nomogram can predict the risk of infection
after stroke individually according to the distinct conditions of
different patients.

DISCUSSION

In this retrospective multi-center study, we analyzed the data
of 257 acute ischemic stroke patients for SAI, which occurred
in 23% of the patients. We found that a higher NLR, higher
NIHSS score, and dysphagia were risk factors for SAI Of note,
hypertriglyceridemia was a protective factor lowering the risk
of SAL

The NIHSS score is often used as the measure of stroke
severity upon admission. Consistent with the previous studies
(5, 6, 19, 20), we demonstrated that the NIHSS score serves
as a strong risk factor for infection after acute ischemic stroke.
Patients with a high NIHSS score tended to have a high level of
unconsciousness, thus spent most of their time resting in bed,
and tended to be susceptible to aspiration pneumonia caused
by gastroesophageal reflux. In addition, dysphagia promotes
aspiration, causing an increased risk of pneumonia (21), thereby
making it a prominent cause of SAIL Although tube feeding is
known to be effective and relatively safe in supplying nutrition
and reducing aspiration pneumonia in patients with dysphagia
in the early stages of stroke, some research has demonstrated that
it may be related to respiratory complications (22, 23). Therefore,
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FIGURE 2 | Predictive power comparison between NLR and other
inflammatory markers.

early screening and treatment of dysphagia are recommended as
effective measures to reduce the frequency of pneumonia after
stroke (24).

In recent years, several studies have found that a high NLR is
associated with SAI (9, 25). In a two-center retrospective cohort
study (n = 1,317), a high NLR was observed to be associated
with pneumonia after acute ischemic stroke. Furthermore, it
was shown that NLR is also associated with pneumonia severity
and clinical outcomes (9). Another recent study verified that a
higher NLR is also associated with stroke severity on admission
(26). In addition, a high NLR on admission correlated with
a poor outcome 3 months after acute ischemic stroke (27).
Thus, the association between NLR and SAI might be based on
the severity of the stroke. An elevated NLR highly correlates
with a severe and large volume of stroke cases (25-27), which
usually emerge with a devastating NIHSS or mRS score. It is
well-known that NIHSS and mRS scores are strong predictors
of SAI (5, 9, 21). Another explanation for the correlation
between NLR and SAI may be the changes in the immune
system after acute ischemic stroke. Immunosuppression and
systemic inflammation are known to be major contributors in
the pathophysiology of ischemic stroke (28). In the inflammatory
immune response after anoxia and ischemic injury of stroke,
neutrophils are increased by demargination, delayed apoptosis,
and stimulation of growth factors. At the same time, margination,
redistribution, and accelerated apoptosis result in the decrease of
protective lymphocytes like regulatory T cells and B cells (29—
31). Besides, the shift from the pro inflammatory Th-1 type
response to the anti-inflammatory Th-2 type response in T cells
may increase the susceptibility to infections (32, 33). Our study
provides further evidence that a higher NLR is an excellent
predictor of SAL

Thus, NLR is a good parameter reflecting not only
stroke severity but also the body’s immunity. Notably, it is
the combination of well-recognized traditional inflammatory
markers: neutrophilia and lymphocytopenia (8, 29, 34). Hence,
NLR was found to be a better predictor than leukocyte and
neutrophil counts in their predictive ability, compared with
conventional inflammation markers and NLR in our study, with
a significantly higher AUC of the NLR ROC curve. Although
NLR shows no significant advantages when compared with
CD4+ T cells, it appears to be an easier and more feasible
clinical indicator.

Hypertriglyceridemia has been known to contribute to
endothelial dysfunction and atherosclerosis, which could in
turn contribute to ischemic stroke (35, 36). Furthermore,
extremely high triglyceride levels may lead to pancreatitis (37).
A meta-analysis of 10 trials and 77 917 high ischemic event
risk individuals demonstrated that reducing blood triglyceride
levels with omega-3 fatty acid had no significant clinical
benefit in preventing major vascular events (38). Nevertheless,
triglyceride was a protective factor for SAI in our study. This
result was consistent with that in a previous retrospective
cohort study (n = 1,491), where hyperlipidemia was associated
with a decreased incidence of pulmonary infection (39). The
participation of adipokines may be one possible explanation.
Elevated plasma triglyceride levels are often associated with
adipose tissue dysfunction. Adipocyte hypertrophy leads to
adipocyte functional changes and a disorder of adipokines,
including interleukin (IL)-6, tumor necrosis factor (TNF)-
a, leptin, and adiponectin with proinflammatory and anti-
inflammatory activities (40-42). In addition, obesity results in
an increased influx of macrophages in the adipose tissue, and
the M2 macrophages in humans have been demonstrated to
have both pro inflammatory and anti-inflammatory properties
(42, 43). In contrast, in a review of adipokines in cardiovascular
diseases, anti-inflammatory adipokine adiponectin was thought
to be decreased by obesity (44) and promote systemic
metabolic dysfunction (45). Another explanation is avoidance
of malnutrition, which is usually accompanied by dysbiosis
and disturbances in normal barrier functions, leading to
susceptibility to invasive infections (46, 47). Although the
protective mechanism of hypertriglyceridemia against infections
needs to be further elucidated, we have explored a new modality
in the clinical management of patients with hypertriglyceridemia
after stroke.

SAIs have attracted more attention in recent years, owing to its
increased medical costs and unfavorable clinical outcomes. There
are several predictive factors and scoring systems established
in previous studies (5, 6, 48). For instance, the A2DS2-score
and AIS-APS system are simple and valid clinical tools to
predict infection risk after acute ischemic stroke from a large
sample. However, the A2DS2 score, which was derived from
multiple centers with a sample size in thousands, did not assess
biological indicators. The AIS-APS score was derived from
a prospective cohort and assessed the age, medical history,
pre-stroke dependence, NIHSS score upon admission, Glasgow
Coma Scale (GCS) score, symptom of dysphagia, Oxfordshire
Community Stroke Project subtype, and blood glucose levels.

Frontiers in Neurology | www.frontiersin.org

November 2020 | Volume 11 | Article 574280


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Lan et al. Stroke Associated Infections Prediction

A
0 10 20 30 40 50 60 70 80 90 100
Points L A ) A A ! A A ) A )
1
dysphagia T .
0
NIHSS r T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
hypertriglyceridemia T 2
1
NLR T T T T T T T T T T T T T ]
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Total Points T T T T T T T T T T |
0 20 40 60 80 100 120 140 160 180 200
Risk r T T ,
0.1 0.5 08 0.95
B C
prediction o H\"H“‘I"\'“ o "
100 |~
L= g 4
80
0.177 (0.653-0.877)
Sy 6 3
z =
@
» AUC 0.821 31
40
S
20 g' —— Bias-corrected
~~~~~~ Ideal
0 —_ | IR | TN | 1 ° . r . . . :
0 20 40 60 80 100 00 02 04 06 08 10
100-Specificity Nomogram-Predicted Risk
B=1000 repetitions, boot Mean absolute error=0.028 n=257
FIGURE 3 | (A) Nomogram of the study population to predict SAl in patients after stroke; (B) Area under the receiver operating characteristic curve (AUROC), which is
representative of predictive accuracy. The c-index value for the nomogram is 0.821 + 0.03. (C) Calibration curve for the nomogram.

Frontiers in Neurology | www.frontiersin.org 6 November 2020 | Volume 11 | Article 574280


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Lanetal.

Stroke Associated Infections Prediction

The benefits of AIS-APS were its high simplicity and accuracy
in clinical practice and its external validation. While most
included variables in AIS-APS are clinical symptoms and
demographic characteristics, we have emphasized on serum
biological indicators and variables associated with systematic
immunity in our model.

Herein, a reliable and convenient nomogram was constructed
for the prediction of SAI. Nomograms are widely used in
medicine and oncology for predicting the possibility of clinical
events by integrating different variables, and they have merits like
straightforward digital interface, adequate accuracy, and readily
comprehensible prognoses (49). In recent years, it has become
increasingly popular to apply a nomogram for stroke prognosis to
help clinicians make sound and timely decisions. The nomogram
in our study combined serum biological indicators and clinical
symptoms for clinical prediction. Each predictor value has
associated points on a scale, with the total points corresponding
to a predicted SAI risk. Furthermore, to the best of our
knowledge, our study is the first to construct a nomogram that
included NLR for the prediction of SAI.

There are several limitations to this study that need to
be addressed. First, although we recruited patients from three
centers, the sample size was still small. While excluding patients
with a WBC count > 11 on admission reduced the possibility of
including patients with infections before admission, it may have
led to the exclusion of some severe stroke patients because an
elevated leukocyte count in the acute phase of ischemia stroke
may be induced by severe stroke (50, 51). Thus, patients included
in our study often with relatively mild strokes, the possibility of
selection bias is inevitable. Second, there was no thrombectomy
performed among the 257 patients in our study, likely because
patients with a high WBC count were excluded in this study. This
may have led to the exclusion of patients with thrombectomy
and high NIHSS scores. Another possible limitation is that the
Tongji hospital is a large regional referral hospital, and the
time window used may have been missed when patients were
transferred to our hospital. While patients in our study may
lack adequate representativeness, our research provides ideas to
other regional referral hospitals. Third, although only 2% of data
(e.g., blood data) was missing in our study, information bias
may also have occurred when the average interpolation was used.
Finally, our study was a retrospective study and we were unable
to verify our results through an external validation, therefore
the reported nomogram needs validation in independent datasets
and further prospective studies and fundamental research are
needed, too.
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