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Sepsis is one of the well-established diseases with specific patterns of neutrophil dysfunctions. Previous studies demonstrated sepsis-related neutrophil dysfunctions in comparison with subjects without infection. Since sepsis and infection are recently recognized as distinctive processes, whether these neutrophil dysfunctions are associated with sepsis or infection are not known. Therefore, we longitudinally compared neutrophil functions, widely-cited as exhibiting sepsis-related changes, between patients with septic shock and infection. The surface level of cluster of differentiation 64 (CD64), C-C motif chemokine receptor 2 (CCR2), C-X-C motif chemokine receptor 2 (CXCR2); apoptosis; and NETosis were measured from peripheral blood neutrophils for seven consecutive days using flow cytometry. The between-group comparisons of neutrophil functions were made both on a day-by-day basis and as linear regression between time and measured neutrophil functions (sepsis status included as model predictors). Our study found that, among neutrophil functions studied, only CXCR2 surface level is associated with sepsis. At disease onset, CXCR2 level decrease, with a dose-response relationship with clinical severity. Its level reverts to resemble infected patients by the end of the week. The relationship between CD64 surface level, CCR2 surface level, NETosis, and sepsis are mediated through the effect of infection. Apoptosis activity between these groups are similar, hence, not sepsis-related.
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Introduction

Sepsis is a syndrome diagnosed by the presence of life-threatening organ dysfunctions triggered by infection (1); not all patients with infection develop sepsis. At present, physicians rely on clinical tools [e.g., Sequential Organ Failure Assessment (SOFA) score] to distinguish sepsis from infection, even though signs and symptoms of sepsis overlap considerably with other diseases. As part of an updated sepsis definition (1), it was proposed that dysregulated immunological responses could be the key to distinguish sepsis from an appropriate reaction to infection. Neutrophils could have great potential in this matter since it is considered to have an integral role in sepsis pathobiology; both qualitatively and quantitatively (2). Previous studies consistently identified specific alterations of neutrophil function in sepsis patients (3–5); some of them were linked to poor clinical outcomes (6, 7).

Currently, some knowledge gaps limit a clinical application of these sepsis-related neutrophil dysfunctions. Firstly, most studies demonstrated them in comparison with subjects with good health (8) or pre-existing sterile inflammation (9, 10). In the real clinical setting, however, all sepsis patients are infected. Hence, by using controls without infection, it is impossible to know whether these so-called sepsis-related neutrophil dysfunctions represent a state of infection, infection in conjunction with other inflammatory processes, or sepsis. Secondly, with an update of sepsis definition by the Third International Consensus Definitions for Sepsis and Septic shock (Sepsis-3) (1), neutrophil dysfunctions defined on the background of previous clinical definition may not be relevant to the current practice. Lastly, the paucity of longitudinal studies in this field makes it difficult to generalize the neutrophil dysfunctions demonstrated during one period to another during the clinical course.

Given the knowledge gaps above, our study aims to longitudinally compare neutrophil functions, widely-cited as exhibiting sepsis-related changes, between two groups of patients; clinically defined by Sepsis-3 definition as septic shock or infection. These include the surface level of cluster of differentiation 64 (CD64), C-C motif chemokine receptor 2 (CCR2), C-X-C motif chemokine receptor 2 (CXCR2); apoptosis; and NETosis. The associations between these neutrophil functions and clinical outcomes were also explored.



Materials and Methods


Study Design and Participants

This is a longitudinal observational study conducted in a tertiary university teaching hospital in Thailand. Patients who were diagnosed with acute infection and presented within 48 h of their symptom onset were recruited. We used Sepsis-3 definition (1) to classify patients’ sepsis status. Based on these clinical definitions, patients with infection, quick SOFA (qSOFA) score ≥ 2, and evidence of organ dysfunction (SOFA score ≥ 2) are diagnosed as sepsis. Sepsis patients are further categorized as septic shock if, despite adequate fluid resuscitation, they require vasopressor support to maintain mean arterial pressure ≥ 65 mmHg and had serum lactate level > 2 mmol/L. Patients with infection and qSOFA score < 2 are categorized as infection. In our study, only ones who could be classified into either septic shock or infection were included. We did not recruit sepsis patients without septic shock because their clinical signs often overlap with other conditions (e.g., acute heart failure precipitated by infection, acute pulmonary embolism); which potentially lead to misclassification. Patients with less than 18 years of age, prior diagnosis of sepsis within three months before the recruitment, autoimmune diseases, the use of immunosuppressive medications, prolonged steroid usage (> 2 weeks), active malignancy, HIV infection, and pregnancy were excluded. All patients with septic shock were admitted to a medical intensive care unit while patients with infection were admitted to general medical wards. qSOFA score was monitored regularly for patients with infection to ensure their non-sepsis status throughout the study period. All patients received appropriate treatment as outlined in the Surviving Sepsis Campaign Bundles (11). The patients or their legal guardians received verbal informed consent initially followed by written informed consent within 48 h of the study recruitment. Ethical clearance was approved by the Human Research Ethics Committee of the Faculty of Medicine, Prince of Songkla University, Thailand (REC. 61-090-14-1).



Sample Size Consideration

Our study employed multilevel analyses to explore the longitudinal trends of neutrophil functions and their associations with sepsis; repeated measurements of neutrophil functions were nested within each patient. Hence, group size for multilevel analysis is the number of patients. In medical research, a consensus method of selecting group size for this type of analysis is lacking, even though bigger group size is traditionally believed to give better estimates than the smaller one. Maas et al. (12) conducted a simulation study to evaluate the performance of two-level models, with one explanatory variable in each level, across different group sizes. They found that, compared to the group sizes of 50 and 100, a group size of 30 gives accurate regression coefficients and variance components with negligible bias and only 1.6% higher non-convergence rate. Therefore, we selected a sample size of 30 for our study. During the analysis, we did not encounter any convergence problem.



Measurement of Neutrophil Functions

For all study participants, two milliliters of fresh whole blood were collected once daily for seven consecutive days (Day 1 to Day 7). Since a clinical course of some septic shock patients may be longer than infected patients, we also collected one additional blood sample at Day 14 in septic shock patients. The surface level of CD64, CCR2, and CXCR2 receptors; apoptosis activity; and NETosis activity were measured from peripheral blood neutrophils using flow cytometry. The degree of CD64, CCR2, and CXCR2 surface level, were quantified by median fluorescent intensity (MFI) of the corresponding molecules in the overall neutrophil population. Additionally, for CD64, CCR2, and CXCR2 receptors, we also quantified the percentages of neutrophils which could be categorized as dysfunctional according to the current literature. Healthy neutrophils have a negligible level of CD64 and CCR2 surface receptors (13, 14) while having abundant CXCR2 surface receptors (15). Compared to normal neutrophils, previous studies have proposed the following neutrophil dysfunctions as sepsis-related: increased phagocytic activity through upregulation of CD64 receptors and transmigration abnormalities due to upregulation of CCR2 receptors or internalization of CXCR2 receptors (3–5). Therefore, gated using unstained neutrophils as negative control, we quantified the percentages of CD64-positive neutrophils, CCR2-positive neutrophils, and CXCR2-negative neutrophils and referred to them as “dysfunctional neutrophils”. Both MFI and the percentages of “dysfunction neutrophils” were used for analyses. Regarding apoptosis and NETosis, the percentages of neutrophils expressing features of apoptosis and NETosis were used to represent apoptosis and NETosis activity.


Specimen Collection and Preparation for Flow Cytometry

The blood samples, stored in ethylenediaminetetraacetic acid-coated tubes at room temperature, were processed within 4 h of collection. Neutrophils were isolated by negative selection immunomagnetic cell separation methods using EasySep™ Direct Human Neutrophil Isolation kit (STEMCELL™ Technologies, BC, CA). Fc receptor blockage was carried out as part of the cell separation process. The cell suspensions were separated for two assays, each resuspended in 50 µl of two different pre-mixed antibody cocktails; one cocktail used in the measurement of CD64, CCR2, and CXCR2 surface level and the other used for apoptosis and NETosis studies. Fluorescent-dye conjugated antibodies used in this study are anti-human CD45-Per-CP antibody (BD Pharmingen, NJ, US); anti-human CD16-PE-Cy™7 antibody (BD Pharmingen, NJ, US); anti-human CD64-PE antibody (BD Pharmingen, NJ, US); anti-human CCR2-Alexa Fluor®647 antibody (BD Pharmingen, NJ, US); anti-human CXCR2-FITC antibody (BD Pharmingen, NJ, US), Annexin V-FITC antibody (BD Pharmingen, NJ, US); Propidium iodide (PI) (BD Pharmingen, NJ, US); and anti-human myeloperoxidase (MPO)-PE antibody (Bio-Rad Laboratories, CA, US). The samples were incubated for 20 min in the dark at room temperature before fixing with 1% paraformaldehyde solution for 4 min. The cells were resuspended in Dulbecco’s phosphate-buffered saline and kept in the dark, waiting for data acquisition within 4 h of fixation. The purity of the neutrophil isolates was evaluated in all experimental specimens by CD45/Side scatter gating. All experiments conducted in this study achieved more than 95% of neutrophil purity.



Flow Cytometry Analysis

Data acquisition was performed with the Amnis® ImageStream®X Mk II Imaging Flow Cytometer (Luminex Corporation, TX, US). The fluidics was set at low flow with high sensitivity and 40X magnification objective. In addition, 488- and 642-nm lasers with an output power of 100 and 150 mW were used. We followed Maecker et al. (16) recommendations for the flow cytometry control set-up. We used background fluorescent intensities from unstained cells as negative control. Neutrophils from two septic shock patients were used for positive control experiments. The optimal antibody concentration which gave positivity while minimizing image oversaturation was titrated. The positivity was confirmed both by comparing the fluorescent intensity with unstained samples and the visualization of the surface staining on fluorescent cell images, which were simultaneously collected by the Imaging Flow Cytometer. For positive control of apoptosis, neutrophils were cultured in Roswell Park Memorial Institute 1640 Medium (ThermoFisher Scientific, MA, US), supplemented with 10% heat-inactivated fetal bovine serum (ThermoFisher Scientific, MA, US) and 1× Gibco® Antibiotic-Antimycotic (ThermoFisher Scientific, MA, US) at 37°C, CO2 5%, for 48 h before analysis to allow time for most of the cells to undergo apoptosis. For positive control of NETosis, we used 1× concentration of eBioscience™ Cell Stimulation Cocktail (ThermoFisher Scientific, MA, US), a mixture of phorbol 12-myristate 13-acetate (PMA) and ionomycin, to stimulate NETosis formation. Both PMA and ionomycin are well-known NETosis inducers (17).

Image Data Exploration and Analysis Software (IDEAS®) version 6.2 was used for flow cytometry analysis. Propriety software functions are italicized. Spectral overlap compensation was performed by using single stained controls to create a compensation matrix. Prior to analysis, the collected events underwent camera focusing quality assessment using the software’s function called Gradient RMS and included only events with good camera focus. For the assay which measured CD64, CCR2, and CXCR2 surface level, dead cell (i.e., PI-positive events) elimination was also performed. The selected events were firstly gated on brightfield (BF) Area and side scatter intensity to evaluate their size and granularity, respectively (Figure 1A). Single cells were separated from cell aggregates by objects’ size quantified by the software’s image-based analytic function called Area. This function measures the size of the object using image pixels. By applying this function to the BF images, this value represents the cross-sectional area of the object images (i.e., the size of the cell). Utility-wise, it is equivalent to forward scatter geometry in non-imaging flow cytometers. Among single cells, neutrophils were preliminarily identified based on their granularity. Subsequently, CD16 positivity was used to confirm the gated cells as neutrophils (Figure 1B); every experimental specimen yielded at least 10,000 neutrophils for further analyses. On CD16-positive neutrophils, we measured the MFI of CD64, CCR2, and CXCR2 receptors, as well as the percentages of CD64-positive cells, CCR2-positive cells, and CXCR2-negative cells (Figure 1C). Regarding apoptosis cell count (Figures 1D, E), we used a method described by Pietkiewicz et al. (18), which combines an image-based flow cytometry analysis and classical Annexin V/PI staining for apoptosis detection. The method distinguishes cell population into double-negative (healthy) cells, Annexin V-positive/PI-negative (early apoptotic) cells, and double-positive (late apoptotic and necroptotic) cells. Among the double-positive population, the software’s image-based analytic functions, namely Intensity threshold and Contrast morphology for the PI-channel, were employed to discriminate between late apoptotic and necroptotic cells. We collectively counted early and late apoptosis as apoptosis events. NETosis was identified by the presence of cell-appendant neutrophil extracellular traps components, including MPO and extracellular DNA. Extracellular DNA was detected by using the software masking features as previously described (19). These masking features identify cells with DNA contents located extracellularly and help exclude the cells stained by PI intracellularly (late apoptotic and necroptotic cells). In brief, a cell-impermeant DNA dye, PI in our experiment, was used to stain extracellular DNA. The software creates masks based on the fluorescent images of the cells stained by PI. The area of extracellular DNA was established by subtracting BF mask from PI-channel mask; since BF and PI-channel masks delineate cell boundaries and DNA extent, respectively. Neutrophils with high extracellular DNA area and MPO positivity were counted as NETosis events (Figure 1F).




Figure 1 | Representative diagrams showing the flow cytometry gating strategy. This analysis was performed on IDEAS® software version 6.2. Propriety software functions are italicized. Prior to analysis, the collected events underwent camera focusing quality assessment using Gradient RMS and, for the assay which measured CD64, CCR2, and CXCR2 surface level, dead cells elimination. The selected events were firstly gated on brightfield Area and side scatter intensity to evaluate their size and granularity, respectively (A). Single cells were separated from cell aggregates by brightfield Area (labeled as Area_BF) and preliminarily identified as neutrophils based on their granularity. CD16 positivity was used to confirm the gated cells as neutrophils (B). The MFI of CD64, CCR2, and CXCR2 surface receptors was measured from neutrophils; which were also gated as positive or negative population using unstained samples as negative control (C). Using Annexin-V and PI intensity, CD16-positive cells were distinguished into double-negative (healthy) cells, Annexin V-positive/PI-negative (early apoptotic) cells and double-positive (late apoptotic and necroptotic) cells (D). Intensity threshold and Contrast morphology for the PI-channel were employed to discriminate between late apoptotic and necroptotic cells (E). A co-staining of MPO and cell-appendant extracellular DNA was used to identify neutrophils undergoing NETosis (F). The area of extracellular DNA, labeled as exDNA (Area), was established by subtracting BF mask from PI-channel mask; since BF and PI-channel masks delineate cell boundaries and DNA extent, respectively. CCR2, C-C chemokine receptor 2; CD, cluster of differentiation; CXCR2, C-X-C chemokine receptor 2; DNA, Deoxyribonucleic acid; MFI, Median fluorescent intensity; MPO, myeloperoxidase; PI, propidium iodide; SSC, side scatter.






Data Collection

The following baseline clinical data were collected: age, gender, comorbidities, source of infection, presence or absence of bacteremia, initial absolute neutrophil count, Acute Physiology and Chronic Health Evaluation (APACHE) II score on admission, and patient’s status at Days 7, 14, and 28 (i.e., recovered, critically-ill, deceased). Patients were considered critically-ill if they still needed organ support (e.g., mechanical ventilation, vasopressors). Survivors, who did not fall into the critically-ill definition, were classified as recovered. Daily SOFA scores were collected as means to quantify clinical severity in septic shock patients.



Statistical Analysis

Data analysis was performed using STATA 16.1 (StataCorp LLC, TX, US). The graphical illustrations were created with the R program’s data visualization package (ggplot2). The baseline characteristics of patients between septic shock and infection groups were compared with Pearson’s chi-squared or Fisher’s exact tests as appropriate. The following measurements of neutrophil functions were used in the analyses: MFI of CD64, CCR2, and CXCR2 surface receptors; the percentages of “dysfunction neutrophils” (i.e., CD64-positive neutrophils, CCR2-positive neutrophils, and CXCR2-negative neutrophils); the percentages of apoptosis; and the percentages of NETosis. For measurements of CD64, CCR2, and CXCR2 surface receptors, pairwise correlation analyses were performed to determine the degree of correlations between MFI and the percentages of “dysfunction neutrophils”. The analyses of associations between each neutrophil function and sepsis status were divided into two parts as described below with p < 0.05 defined statistical significance of all tests.


Longitudinal Changes of Neutrophil Functions and Their Associations With Sepsis Status

The comparison of neutrophil functions between septic shock and infected patients was made both on a day-by-day basis and as linear regression between time (i.e., days after admission) and measured neutrophil functions. The measurements of neutrophil functions on specific days were compared with t-tests and Wilcoxon Rank Sum tests for normally and non-normally distributed variables, respectively. Additionally, the measurements of neutrophil functions on Day 7 and Day 14 in the septic shock group were compared using paired t-tests or Wilcoxon matched-pair signed-rank tests as appropriate.

Multilevel regression analyses were performed to examine associations between the longitudinal changes of each neutrophil function and sepsis status while simultaneously explore the degree of interindividual variation in the response patterns. We used two-level mixed linear models with repeated measurements of neutrophil functions (level-1 variable) nested within each patient (level-2 variable). Fixed portion of the models determined the relationship between time (i.e., days after admission) and the measurements of each neutrophil functions. Random portion of the model, also calculated as intraclass correlation coefficients conditioned on a level-2 group effect, represented the degree of interindividual variation of the response patterns. Associations between sepsis status and the longitudinal changes of each neutrophil function were assessed by adding patient’s sepsis status (i.e., septic shock, infection) and its interaction with time as model predictors. This model structure aimed to estimate the effect of patient’s sepsis status in predicting the changes of neutrophil functions after adjusting for effects of time and interindividual variation. We hypothesized that both infection and septic shock may exert effects on the neutrophil functions, neither one of them should be the base level of the other during regression analyses. Hence, we included both infection status and septic shock status into the model so that their regression coefficients can be compared. The models were executed on the restricted maximum likelihood and the Kenward-Roger degrees of freedom methods, and unstructured covariance between the model’s intercept and slope was allowed.



Associations Between Neutrophil Functions and Clinical Outcomes

The clinical outcomes of interest composed of Day 14 clinical status (i.e., recovered, critically-ill, deceased) and, in the subgroup of septic shock patients, SOFA score. Depending on data distribution, either one-way analysis of variance (ANOVA) tests or Kruskal Wallis tests with Dunn’s test of multiple comparison was employed to compare the measurements of each neutrophil function on specific days among patients stratified by Day 14 clinical status. Moreover, in septic shock patients, we used the multilevel analysis, structured as described above, to estimate the associations between the measurements of each neutrophil function and SOFA score.





Results


Patient Characteristics

We included 19 septic shock patients and 11 infected patients into the study (Table 1). Overall, our study population was elderly patients with many comorbidities. The study participants with septic shock and infection were similar in age, gender, and comorbidities. The difference between them was their clinical status; septic shock patients had a more severe clinical picture as demonstrated by APACHE II score and the percentages of patients who were critically-ill or deceased at Days 7, 14, and 28. Six patients were lost to follow-up toward the end of the specimen collection period resulting in 14 missing observations (6.5% of the expected number of observations). The number of longitudinal observations per patient ranged from 3 to 8, with a median of 7.


Table 1 | Characteristics of study participants† (n = 30).





Comparison of Neutrophil Functions Between Septic Shock and Infected Patients

Daily measurements of neutrophil functions stratified by sepsis status were shown in Tables 2 and 3. They were also illustrated in graphics (Figure 2). Regarding CD64, CCR2, and CXCR2 surface levels, pairwise correlation analyses demonstrated strong correlations between MFI and the percentages of dysfunctional neutrophils, defined by the corresponding molecules (correlation coefficients > 0.7). CD64 and CCR2 MFI positively correlated with the percentages of CD64-positive cells and CCR2-positive cells with correlation coefficients of 0.95 and 0.94, respectively. For CXCR2 receptors, there was a negative correlation between the percentages of CXCR2-negative neutrophils and CXCR2MFI with a correlation coefficient of −0.77.


Table 2 | The daily percentages of CD64-positive neutrophils, CCR2-positive neutrophils, CXCR2-negative neutrophils, apoptosis, and NETosis stratified by sepsis status† (n = 30: septic shock = 19, infection = 11).




Table 3 | MFI of CD64, CCR2, and CXCR2 surface receptors stratified by sepsis status† (n = 30: septic shock = 19, infection = 11).






Figure 2 | Daily measurements of CD64, CCR2, and CXCR2 surface level; apoptosis; and NETosis stratified by sepsis status (septic shock or infection). MFI of CD64, CCR2, and CXCR2 surface receptors; the percentages of “dysfunction neutrophils” (i.e., CD64-positive neutrophils, CCR2-positive neutrophils, and CXCR2-negative neutrophils); the percentages of apoptosis; and the percentages of NETosis were illustrated in line graphs with error bars grouped by sepsis status. The lines connected median value of the measurements on the specific days. Error bars delineated interquartile ranges. Depending on data distribution, either t-test or Wilcoxon Rank Sum test was employed to compare the measurements of each neutrophil function on specific days between groups. *p-value from t-tests or Wilcoxon Rank Sum tests < 0.05. CCR2, C-C chemokine receptor 2; CD64, cluster of differentiation 64; CXCR2, C-X-C chemokine receptor 2; MFI, median fluorescent intensity.



Averaged among patients with the same clinical diagnosis, there was a statistically significant difference of CD64 and CXCR2 surface levels as well as NETosis activity between septic shock and infection groups, although the differences could only be demonstrated in some specific days during the clinical course. Neutrophils from septic shock patients had a higher CD64MFI as well as the higher percentages of CD64-positive neutrophils during Day 2 to Day 5. They also showed a lower CXCR2MFI and the higher percentages of CXCR2-negative neutrophils on Day 1 and Day 2. On the contrary, NETosis activity in infected patients was greater than that of septic shock patients on Day 3. In septic shock patients, however, there was a significant increase in NETosis activity from Day 7 to Day 14 in contrast to other neutrophil functions in which the changes in their levels between Day 7 and Day 14 were non-significant. Interestingly, the percentages of NETosis on Day 14 in septic shock patients and Day 3 in infected patients were in a similar range, no statistically significant difference between them can be demonstrated using Wilcoxon Rank Sum tests. Also, no statistically significant difference in CCR2MFI, a percentage of CCR2-positive neutrophils, and apoptosis activity, between septic shock and infection groups was found.

The multilevel regression analyses assessing longitudinal changes of neutrophil functions and their associations with sepsis status were demonstrated in Table 4. For CD64, CCR2, and CXCR2 surface levels, since the percentages of dysfunctional neutrophils were highly correlated with MFI and their unit of measurement synchronizes with apoptosis and NETosis, we used the percentages of dysfunctional neutrophils for the regression analysis; so that the coefficients and variances derived from the model of each neutrophil function are comparable. All neutrophil functions studied, except for CCR2 surface level, changed dynamically over time (p-value from Wald’s tests for the model coefficient of time < 0.05). The percentages of CD64-positive neutrophils and CXCR2-negative neutrophils declined over time as opposed to apoptosis and NETosis, which increased over time. The percentages of CCR2-positive neutrophils, however, fluctuated throughout the study period. Some degree of interindividual variation of the magnitude of change existed for all neutrophil functions examined as demonstrated by the model variances and level-2 conditional ICCs. The degree of interindividual variation was largest for CCR2 surface level and smallest for apoptosis activity. Adjusting for the effect of time, septic shock status could predict the longitudinal trends of CD64, CCR2, and CXCR2 surface levels. Infection status could also predict CD64 and CCR2 surface levels over time; albeit lack of ability to predict that of CXCR2 receptors. In contrast, our analyses suggested that the changes in apoptosis and NETosis activity during the study period could only be predicted by time. Furthermore, for the longitudinal trends of CXCR2 surface level, there was a significant interaction between time and sepsis status in which an effect of sepsis status diminishes as time passes. In the regression models involving other neutrophil functions, no statistically significant interaction between time and sepsis status was demonstrated.


Table 4 | Multilevel mixed model analysis examining the longitudinal correlations between the percentages of CD64-positive neutrophils, CCR2-positive neutrophils, CXCR2-negative neutrophils, apoptotic, and NETosis and sepsis status† (n = 30).





Associations Between Neutrophil Functions and Clinical Outcomes

Daily measurements of neutrophil functions stratified by Day 14 clinical status were illustrated in Figure 3. The distinction between patients with varying clinical status can be best appreciated in the longitudinal trends of CXCR2MFI and the percentages of CXCR-negative neutrophils. The statistically significant difference in CXCR2MFI and the percentages of CXCR2-negative neutrophils among three groups (recovered, critically-ill, deceased) can be demonstrated on Day 1 and Day 2. During the first two days of admission, CXCR2MFI were lowest and the CXCR2-negative neutrophils were highest in patients who died within 14 days after admission. Also, the multilevel regression analysis assessing associations between the measurements of neutrophil functions and SOFA score found that, after adjusting for the effect of time, the percentages of CXCR2-negative neutrophils could predict SOFA score in patients with septic shock (p = 0.001). CD64MFI and the percentages of CD64-positive neutrophils seemed to be highest in deceased patients as opposed to NETosis activity which was highest in patients who recovered. Unfortunately, these trends of CD64 surface level and NETosis activity could not be proved statistically significant; either by between-groups comparisons or multilevel regression analysis assessing its association with SOFA score. The longitudinal trends of CCR2 surface level and apoptosis among patients with different Day 14 clinical status were similar.




Figure 3 | Daily measurements of CD64, CCR2, and CXCR2 surface level; apoptosis; and NETosis stratified by Day 14 clinical status (Recovered, Critically-ill, or Deceased). MFI of CD64, CCR2, and CXCR2 surface receptors; the percentages of “dysfunction neutrophils” (i.e., CD64-positive neutrophils, CCR2-positive neutrophils, and CXCR2-negative neutrophils); the percentages of apoptosis; and the percentages of NETosis were illustrated in line graphs with error bars grouped by Day 14 clinical status. The lines connected median value of the measurements on the specific days. Error bars delineated interquartile ranges. Depending on data distribution, either one-way ANOVA test or Kruskal Wallis test with Dunn’s test of multiple comparison was employed to compare the measurements of each neutrophil function on specific days between groups. *p-value from ANOVA or Kruskal Wallis tests < 0.05. ANOVA, analysis of variance; CCR2, C-C chemokine receptor 2; CD64, cluster of differentiation 64; CXCR2, C-X-C chemokine receptor 2, MFI, median fluorescent intensity.






Discussion

Numerous physiological and pathological stimuli could trigger changes in neutrophil functions. Various neutrophil phenotypes have been discovered, not only in healthy but also diseased states (20); some with potential for clinical applications (21, 22). Sepsis is one of the well-established diseases resulting in specific patterns of neutrophil dysfunctions; increased CD64 and CCR2 surface levels; decreased CXCR2 surface level; apoptosis delay; and increased NETosis are widely-cited sepsis-related neutrophil dysfunctions. However, the pattern that distinguishes sepsis from infection has not been mentioned; this is partly because sepsis and infection were first recognized and emphasized as distinctive processes in the newest update of sepsis definition (Sepsis-3). Therefore, literature, published before the release of this definition, has been employing non-uniform control settings to establish neutrophil dysfunctions as sepsis-related; none of them used infection as control. Therefore, previously-identified sepsis-related neutrophil dysfunctions are potentially a product of a combined effect between sepsis and infection rather than sepsis itself. However, we hypothesize that, on a background of infection, some of them might be genuinely sepsis-related, if we re-evaluate them in the desirable control setting.

In this study, we compared the neutrophil functions, with reported sepsis-related changes, between patients with septic shock and patients with infection who did not develop sepsis. Since sepsis is a time-dynamic disease, we observed these neutrophil functions longitudinally during the early phase of sepsis. We found that, during this period, each neutrophil function follows differing courses of changes and has a unique relationship with sepsis. Of all neutrophil functions examined by our study, we can only affirm a reduction of CXCR2 surface level as sepsis-related. CXCR2 receptors play a significant role in the normal regulation of neutrophil recruitment (15). Previous experimental studies have demonstrated reduced CXCR2 surface level due to CXCR2 receptor internalization induced by circulating chemokines (15, 23). The lack of CXCR2 surface receptors was also linked to severe neutrophil hyperplasia in the bone marrow and neutrophilia in sepsis mice model (24). In addition, our study found that a reduction of CXCR2 surface level is related to sepsis, even in the presence of infection. Compared to patients with infection, CXCR2 surface level decreases at the onset of the disease in septic shock patients. As shown by the regression models, septic shock status predicts CXCR2 surface level over time while infection status does not. As patients progress into the less dynamic phase of the disease, CXCR2 surface level increases so that, by the end of the week, the difference of CXCR2 surface level between sepsis and infected patients disappears. Additionally, during early sepsis, patients with more severe disease have a significantly lower CXCR2 surface level than those with milder disease. In fact, in infected patients, CXCR2 surface level is persistently high, closely resembled a response pattern of healthy volunteers (8). These findings suggest that a reduction of CXCR2 surface level occurs synchronously with the peak of disease activity; shows the ability to revert to normal state; and has a dose-response relationship with clinical outcomes. Based on our observation, abnormal neutrophil migration due to decreased CXCR2 surface receptors should be considered the immunopathological feature, which could act as a marker for distinguishing sepsis from infected patients at the onset of the disease. As a consequence of decreased CXCR2 surface level, appropriate neutrophil chemotaxis was disrupted, causing inappropriate extravasation of neutrophils into various organs. Tissue injury inflicted by this process leads to multiorgan failure (15); which is the salient clinical feature that differentiates sepsis from infection by Sepsis-3 definition (1).

In contrast to our findings on CXCR2 surface level, our study fails to demonstrate the changes of CD64 and CCR2 surface levels as sepsis-related. CD64 and CCR2 receptors are not constitutively expressed on neutrophils at resting state (15, 25); however, earlier studies showed that CD64 and CCR2 surface levels were increased during sepsis (3). The amount of CD64 mRNA elevates to a measurable level within 1–3 h of the inciting events leading to a significant increment of CD64 surface level within 4–6 h (13). The emergence of CD64 surface receptors was thought to enhance neutrophil phagocytic activity through its high affinity to Fcγ part of IgG (26). Our study found that, even though a significant difference in CD64 surface level between septic shock and infection groups were observed during Day 2 to Day 5, this is mainly because CD64 surface level in infected patients plummets after Day 1 as opposed to septic shock patients whose CD64 surface level gradually decrease. At the onset of the disease, however, CD64 surface level from septic shock and infected patients are within the same range. Also, as shown by the regression coefficients, both infection and septic shock status could predict the degree of CD64 surface level over time despite the stronger effect exerted by septic shock. These findings suggest that a between-group difference in CD64 surface level likely stems from a more rapid recovery in non-sepsis patients who have milder infection compared to septic shock patients who have a more severe infection. In other words, CD64 surface level is not explicitly altered by sepsis but rather have a dose-response relationship with infection. This hypothesis is also supported by many studies which showed the rise of CD64 surface level as a marker of bacterial infection on a background of various other conditions, such as critically-ill status (27, 28), postoperative period (10, 29), and autoimmune diseases (30). Furthermore, previous studies showed that peripheral blood neutrophils from mice, which developed sepsis from cecal ligation and puncture, express high amount of CCR2 mRNA and CCR2 surface level as well as marked chemotaxis in response to CCL2 (14, 31). Since these mice were also had multiple organ dysfunctions and neutrophil accumulations in heart, lung, and kidney, the presence of CCR2 surface receptors was implicated in driving neutrophil infiltration to distant organs during sepsis (14). Nonetheless, our study found that CCR2 surface levels were similar between septic shock and infection groups and, like CD64 receptors, both infection and septic shock status could predict CCR2 surface levels over time. These findings suggest that elevation of CCR2 surface level is likely to be related to infection rather than sepsis. Organ dysfunction found in the earlier study may be attributable to decreased CXCR2 surface level, which was also demonstrated in these mice (14). Besides, CCR2 surface expression on neutrophil is not specific to sepsis or infection and can be found in other conditions, such as rheumatoid arthritis (32), and ischemic liver injury (33).

With regard to apoptosis and NETosis, although current evidence associates apoptosis delay and increased NETosis activity with sepsis, our study cannot confirm that they are sepsis-related. We found that, even if apoptotic activity starts to rise toward the end of the week, apoptotic activity of neutrophils from septic shock and infected patients was similar throughout the study period. Neither infection nor septic shock status could predict the percentages of apoptosis over time. Hence, within the timeframe of this study, apoptosis is less likely to contribute to the sequelae of sepsis. Similar to apoptosis, NETosis activity increases later during the clinical course. If we compare NETosis activity in septic shock and infected patients on a day-by-day basis, we might have to conclude that NETosis is suppressed in septic shock patients on Day 3. In fact, a few earlier longitudinal studies in sepsis which examined peripherally-measured NETosis for seven days also suggested that NETosis was suppressed throughout the clinical course of sepsis compared to healthy controls (22, 34). Nonetheless, we believe the different between septic shock and infected patients may concern the day NETosis spikes rather than the level of NETosis activity between infected and septic shock patients on the same day. In infection group, NETosis activity peaks on Day 3 and gradually decline thereafter. In septic shock groups, NETosis activity is highest on Day 14. Possibly, we may find a peak-and-fall pattern of NETosis activity in septic shock patients as we observed in infected patients if we follow the patients for a longer period. Despite the absence of statistical significance, patients who recovered at Day 14 seems to have the highest NETosis activity compared to patients who are still critically-ill or deceased at Day 14. Thus, the rise of NETosis in peripheral blood may signify the recovery of from infection; infected patients who generally recover quicker than sepsis patients, therefore, experience the NETosis spike before sepsis patients.

In summary, by using infection as control, we demonstrated that the relationship between each neutrophil function and sepsis is unique and possibly reflects sepsis processes from different angles. CXCR2 surface level is related to sepsis activity while CD64 and CCR2 surface levels link to sepsis via infection. Peripherally-measured NETosis may signify the recovery from infection as it elevates during the less dynamic phase of the disease. Apoptosis during the study period may be equally affected by both sepsis and infection since its activity is indistinguishable between sepsis and infection. The strengths of our study are as follows. Firstly, data from our study can be applied to the current practice since we define septic shock and infection as per the latest clinical definition. Secondly, in contrast to previous studies which focused mainly on the magnitude of neutrophil functions, we provide data in a longitudinal fashion in relation to the clinical progression of the patients. Lastly, we examined the neutrophil functions not only by the group-averaged values but also with multilevel regression model which take into account the interindividual variation of the response pattern during analysis. We believe both methods should be used simultaneously since they serve different but equally important purposes. Group-averaged values give more insight on the neutrophil functions on the specific days in patients stratified by one characteristic (e.g., sepsis status, clinical status) and point out the one with the association which is strong enough to stand out even in the presence of unadjusted interindividual variation. However, multilevel model better highlight associations between neutrophil functions and variable of interest, especially in the neutrophil functions expressing a high degree of interindividual variation in the response pattern such as CCR2 surface level. Limitations of our study concern an inability to apply the result to patients with pre-existing immunological aberrations (e.g., cancer, autoimmune diseases, post-surgery). Further studies in a more immunologically heterogenous patients, especially for CXCR2 surface level, should be done to examine the generalizability of our observation. In addition, we measured these neutrophil functions from circulating pools of neutrophils; whether tissue neutrophils have the same or different phenotype is outside of the scope of our study.



Conclusion

With infection as control, a reduction of CXCR2 surface level is associated with sepsis; its level can be used to distinguish sepsis from infection at the onset of the disease. CD64 surface level, CCR2 surface level, and NETosis are not directly sepsis-related; their relationship with sepsis is instead mediated by the effect of infection. Apoptotic activity in septic shock patients does not found to be delayed compared to patients with infection.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Human Research Ethics Committee of the Faculty of Medicine, Prince of Songkla University, Thailand. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

All authors took part in the conceptualization and methodology planning of the study. CS and RN did the validation and conduction of study experiments. CS, PV, and RN were responsible for data curation and formal analysis of the study. The original draft was prepared by CS and reviewed by RN, PV, and BK. All authors have read and agreed to the published version of the manuscript. BK oversaw the project administration as well as funding acquisition. All authors contributed to the article and approved the submitted version.



Funding

This study was financially supported by a research grant from the Faculty of Medicine, Prince of Songkla University (Grant No. REC 61-090-14-1).



Acknowledgments

We deeply appreciate the help from Songklanagarind hospital’s medical intensive care unit and general ward nurses during the specimen collection period. We also would like to express our gratitude to RN’s laboratory personnel who facilitate us during the experimental set-up and validation.



References

1. Singer, M, Deutschman, CS, Seymour, CW, Shankar-Hari, M, Annane, D, Bauer, M, et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA (2016) 315:801–10. doi: 10.1001/jama.2016.0287

2. Mortaz, E, Alipoor, SD, Adcock, IM, Mumby, S, and Koenderman, L. Update on Neutrophil Function in Severe Inflammation. Front Immunol (2018) 9:2171. doi: 10.3389/fimmu.2018.02171

3. Shao, S-L, Cong, H-Y, Wang, M-Y, and Liu, P. The diagnostic roles of neutrophil in bloodstream infections. Immunobiology (2020) 225:151858. doi: 10.1016/j.imbio.2019.10.007

4. Shen, X-F, Cao, K, Jiang, J-P, Guan, W-X, and Du, J-F. Neutrophil dysregulation during sepsis: an overview and update. J Cell Mol Med (2017) 21:1687–97. doi: 10.1111/jcmm.13112

5. Sônego, F, Castanheira, FVES, Ferreira, RG, Kanashiro, A, Leite, CAVG, Nascimento, DC, et al. Paradoxical Roles of the Neutrophil in Sepsis: Protective and Deleterious. Front Immunol (2016) 7:155. doi: 10.3389/fimmu.2016.00155

6. Brown, KA, Brain, SD, Pearson, JD, Edgeworth, JD, Lewis, SM, and Treacher, DF. Neutrophils in development of multiple organ failure in sepsis. Lancet (2006) 368:157–69. doi: 10.1016/S0140-6736(06)69005-3

7. Groeneveld, KM, Koenderman, L, Warren, BL, Jol, S, Leenen, LPH, and Hietbrink, F. Early decreased neutrophil responsiveness is related to late onset sepsis in multitrauma patients: An international cohort study. PloS One (2017) 12:e0180145. doi: 10.1371/journal.pone.0180145

8. Chishti, AD, Shenton, BK, Kirby, JA, and Baudouin, SV. Neutrophil chemotaxis and receptor expression in clinical septic shock. Intensive Care Med (2004) 30:605–11. doi: 10.1007/s00134-004-2175-y

9. Tarlowe, MH, Duffy, A, Kannan, KB, Itagaki, K, Lavery, RF, Livingston, DH, et al. Prospective study of neutrophil chemokine responses in trauma patients at risk for pneumonia. Am J Respir Crit Care Med (2005) 171:753–9. doi: 10.1164/rccm.200307-917OC

10. Fjaertoft, G, Håkansson, LD, Pauksens, K, Sisask, G, and Venge, P. Neutrophil CD64 (FcgammaRI) expression is a specific marker of bacterial infection: a study on the kinetics and the impact of major surgery. Scand J Infect Dis (2007) 39:525–35. doi: 10.1080/00365540601113693

11. Rhodes, A, Evans, LE, Alhazzani, W, Levy, MM, Antonelli, M, Ferrer, R, et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock. Crit Care Med (2017) 45:486–552. doi: 10.1097/CCM.0000000000002255

12. Maas, CJM, and Hox, JJ. Sufficient Sample Sizes for Multilevel Modeling. Methodology (2005) 1:86–92. doi: 10.1027/1614-2241.1.3.86

13. Sack, U. CD64 expression by neutrophil granulocytes. Cytometry B Clin Cytom (2017) 92:189–91. doi: 10.1002/cyto.b.21216

14. Souto, FO, Alves-Filho, JC, Turato, WM, Auxiliadora-Martins, M, Basile-Filho, A, and Cunha, FQ. Essential role of CCR2 in neutrophil tissue infiltration and multiple organ dysfunction in sepsis. Am J Respir Crit Care Med (2011) 183:234–42. doi: 10.1164/rccm.201003-0416OC

15. Stadtmann, A, and Zarbock, A. CXCR2: From Bench to Bedside. Front Immunol (2012) 3:263. doi: 10.3389/fimmu.2012.00263

16. Maecker, HT, and Trotter, J. Flow cytometry controls, instrument setup, and the determination of positivity. Cytometry A (2006) 69:1037–42. doi: 10.1002/cyto.a.20333

17. Hoppenbrouwers, T, Autar, ASA, Sultan, AR, Abraham, TE, van Cappellen, WA, Houtsmuller, AB, et al. In vitro induction of NETosis: Comprehensive live imaging comparison and systematic review. PloS One (2017) 12:e0176472. doi: 10.1371/journal.pone.0176472

18. Pietkiewicz, S, Schmidt, JH, and Lavrik, IN. Quantification of apoptosis and necroptosis at the single cell level by a combination of Imaging Flow Cytometry with classical Annexin V/propidium iodide staining. J Immunol Methods (2015) 423:99–103. doi: 10.1016/j.jim.2015.04.025

19. Lelliott, PM, Momota, M, Lee, MSJ, Kuroda, E, Iijima, N, Ishii, KJ, et al. Rapid Quantification of NETs In Vitro and in Whole Blood Samples by Imaging Flow Cytometry. Cytometry A (2019) 95:565–78. doi: 10.1002/cyto.a.23767

20. Hellebrekers, P, Vrisekoop, N, and Koenderman, L. Neutrophil phenotypes in health and disease. Eur J Clin Invest (2018) 48 Suppl 2:e12943. doi: 10.1111/eci.12943

21. Spijkerman, R, Hesselink, L, Bongers, S, van Wessem, KJP, Vrisekoop, N, Hietbrink, F, et al. Point-of-Care Analysis of Neutrophil Phenotypes: A First Step Toward Immuno-Based Precision Medicine in the Trauma ICU. Crit Care Explor (2020) 2:e0158. doi: 10.1097/CCE.0000000000000158

22. Patel, JM, Sapey, E, Parekh, D, Scott, A, Dosanjh, D, Gao, F, et al. Sepsis Induces a Dysregulated Neutrophil Phenotype That Is Associated with Increased Mortality. Mediators Inflammation (2018) 2018:4065362. doi: 10.1155/2018/4065362

23. Phillipson, M, and Kubes, P. The neutrophil in vascular inflammation. Nat Med (2011) 17:1381–90. doi: 10.1038/nm.2514

24. Shuster, D, Kehrli, M, and Ackermann, M. Neutrophilia in mice that lack the murine IL-8 receptor homolog. Science (1995) 269:1590–1. doi: 10.1126/science.7667641

25. Capucetti, A, Albano, F, and Bonecchi, R. Multiple Roles for Chemokines in Neutrophil Biology. Front Immunol (2020) 11:1259. doi: 10.3389/fimmu.2020.01259

26. Hoffmann, JJML. Neutrophil CD64 as a sepsis biomarker. Biochem Med (Zagreb) (2011) 21:282–90. doi: 10.11613/bm.2011.038

27. Dimoula, A, Pradier, O, Kassengera, Z, Dalcomune, D, Turkan, H, and Vincent, J-L. Serial determinations of neutrophil CD64 expression for the diagnosis and monitoring of sepsis in critically ill patients. Clin Infect Dis (2014) 58:820–9. doi: 10.1093/cid/cit936

28. Wang, X, Li, Z-Y, Zeng, L, Zhang, A-Q, Pan, W, Gu, W, et al. Neutrophil CD64 expression as a diagnostic marker for sepsis in adult patients: a meta-analysis. Crit Care (2015) 19:245. doi: 10.1186/s13054-015-0972-z

29. Perry, J, Reed, MR, Refaie, R, Sprowson, AP, Rankin, KS, and Refaie, R. The assessment of neutrophil CD64 count as an early warning marker of joint replacement infection. Arch Orthop Trauma Surg (2013) 133:1351–8. doi: 10.1007/s00402-013-1816-4

30. Li, S, Huang, X, Chen, Z, Zhong, H, Peng, Q, Deng, Y, et al. Neutrophil CD64 expression as a biomarker in the early diagnosis of bacterial infection: a meta-analysis. Int J Infect Dis (2013) 17:e12–23. doi: 10.1016/j.ijid.2012.07.017

31. Speyer, CL, Gao, H, Rancilio, NJ, Neff, TA, Huffnagle, GB, Sarma, JV, et al. Novel Chemokine Responsiveness and Mobilization of Neutrophils during Sepsis. Am J Pathol (2004) 165:2187–96. doi: 10.1016/S0002-9440(10)63268-3

32. Talbot, J, Bianchini, FJ, Nascimento, DC, Oliveira, RDR, Souto, FO, Pinto, LG, et al. CCR2 Expression in Neutrophils Plays a Critical Role in Their Migration Into the Joints in Rheumatoid Arthritis: CCR2 AND NEUTROPHIL MIGRATION INTO RHEUMATOID JOINTS. Arthritis Rheumatol (2015) 67:1751–9. doi: 10.1002/art.39117

33. Xu, P, Zhang, J, Wang, H, Wang, G, Wang, C-Y, and Zhang, J. CCR2 dependent neutrophil activation and mobilization rely on TLR4-p38 axis during liver ischemia-reperfusion injury. Am J Transl Res (2017) 9:2878–90.

34. Delabranche, X, Stiel, L, Severac, F, Galoisy, A-C, Mauvieux, L, Zobairi, F, et al. Evidence of Netosis in Septic Shock-Induced Disseminated Intravascular Coagulation. Shock (2017) 47:313–7. doi: 10.1097/SHK.0000000000000719



Conflict 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.

Copyright © 2020 Seree-aphinan, Vichitkunakorn, Navakanitworakul and Khwannimit. 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.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Distinguishing Sepsis From Infection by Neutrophil Dysfunction: A Promising Role of CXCR2 Surface Level

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Design and Participants

          



          		

            Sample Size Consideration

          



          		

            Measurement of Neutrophil Functions

          

            		

              Specimen Collection and Preparation for Flow Cytometry

            



            		

              Flow Cytometry Analysis

            



          



          



          		

            Data Collection

          



          		

            Statistical Analysis

          

            		

              Longitudinal Changes of Neutrophil Functions and Their Associations With Sepsis Status

            



            		

              Associations Between Neutrophil Functions and Clinical Outcomes

            



          



          



        



        



        		

          Results

        

          		

            Patient Characteristics

          



          		

            Comparison of Neutrophil Functions Between Septic Shock and Infected Patients

          



          		

            Associations Between Neutrophil Functions and Clinical Outcomes

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-11-608696-g003.jpg
Mo

[ Ay

e oun

........






OEBPS/Images/table2.jpg
oay.

.
1

064 ositve neropnis
Seote smock necton
00 510200785
20 00000 2008
2257 aasT 1017 367000966385
w0 0819 19200
prrrer e el
mionrorinzy 12386705059
9RCE61I0 744081043

o me s A

OXCRz egate evrophs

205057670,
prireey
o083

% Modian B5%CY)
o postis vl

Sopteshock  actan  Septiashock

20002760 swmE001200 et EErsy

4RI RWEWNT 110°as T

e ey

10208261507 1BIORBDT 335015081

smumom smewiem sy
407110 asicemon 891 G282
20141009 62226 smER 12
2musus) | NA  saneiam

1201933

23116425

ssn2am

2 pmac
3

Aoptoss
Wecton  Seplesheck iecton  Sept shock

015010027
omenozm
017 000029
021208
ome0m
02010087
frrvary
osspr08

015006020
013005025
0200048
04300078
018000007
025007076
o200z
A

Netens

o000z
0003030
009002030
02500010
os1018135
0:20051.2
084005260
2167 pos-s6n

087005141
01900015
0wt p1e 6
12001607
pravedy
176010620
o8 000568
[y

P, iy i oAt g . COS s e, COR2 s A YRR 1 e 5 3 s AT s
e b et A 8 e T G o . o 3L 0 )1 e . K o T o e T
P Rk S s 0 e o' ) 128 ] ) 5. G A ek 55 T o 3 0 5
ey et d A Do 7300 14

T o <00 bt cooes v icton .

210 <008 o W Sy, g i i 7.

St <00 b W s s S ok o007 S TP
e e s oo £l b, oot B 1 s ST





OEBPS/Images/fimmu-11-608696-g001.jpg





OEBPS/Images/table4.jpg
Model parameters

o6t postve nutrophis  CCR2 postve ntrophis Agoptods Netoss
S —— _sar (765 28 oe2(191.061 oorp@o 0 0m.0i
Coutcart asen 5y S50 10 718 58 18,2149 02001305 1406013.299
Contcrt. S ok ) T s an2s 129 414 2185 on (010 021,00
ioocion oo xSpsasunn B 13296500 o2 200 0050080 008033029
osonetors g B0 00T XSQBI6N  @SUIENE02I  OROWON  SR064,68
a 101800399 soeqa2. 127 o125 00100200 004001,028
a s aTisces 94y o002 -001(00KOD) 0110260
< 2 03078 To3 571,003 ey e 0410308 at0@snate
G200 07706081 081065.090 07005089 oosoooss 05803507

o st . ) Bt - B 98 AT i) << T <
e s Y P T 10 P AP, S 355 Gy S5 ' 5 A 0 o Ay AL
ot .1 o oo i 0 0B o 51 T 7 13 S P S 3 Rt 1, o 0
o Gt ) P St o, P e 1 S5 P, A S A 5 WA

oo <005

g R





OEBPS/Images/table3.jpg
oay.

:
5
1
3

cons

Septe shock

0 010581, 421225
e % 426050
2ns.16° w2 36816
2581572 65700 262117
o777 (10450,225614)
126286 031616, 2202061
129745 6835, 277801
147860 63126,42068)

ntocton

2um223 150789, 3378)
167951 @18.47, 270119
20104 (110309 3115509
12505 202, 201285
11014 a0, 141730
122209 80135, 18534
ses ea. 16147

MFL Medion (95°%C1)
core

Septc s

159701 1610, 14509
Ta2521 00218, 15858
1146515028706, 2001%)
Ti2i82 031452 16066
Tz, 156419
12221 (1702, 150120
12238 007026, 160449
142083023058, 19528

ntocton

sa2a09 114261, 1609769
Teeni 8328, 190619
1718420151550, 208288
1763581141755, 208580
Vo581 138805, 1704
1667001037463, 185449
15464 08041197156)

Septc shock

100871 7415514, 2000089
205400 (1714156, 25,6699
25183 (3075, 3191829
250605 2380065, 2068345
267521 (830027, 289175
2sue0 (729706276773
210068750061, 2922277
2176450 (1706.1,26 40099

ntoton

222605 205908, 397500,
2501320 @073, 26015
058227 2604801, 350554
334880 2420054 3754180
andsa0t 28725 2056020
2660204 25108 223245
04ease (17820%, 3186070

g, i VP o1 G064, 52, YO i o, e s Yo e 5 i 0 b sy i o ey, Or s s s Oy T s
g gt 0kt 0 o kSt . T o Pk 71 ' P o 0 G At 4 Pk 58 e
ot g ock 5 oo 5 FAoro 3 57 5 i G 7T 8 oD 7300 15

T <003 fom 1 comprd it o .

2o <003 f Wi Ak S s comaros A i s
B b il IR D A s 2 O A it s St it





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/table1.jpg
Characteristics

Age (median, 95%C))

Female (%)

Co-morbicites (%)
Cardiovascular Gisease.
Diabetes melitus
Neurological disease
Respratory disease
Uver disease
Rendl diseaso
Hematologic disease

Source of infecton (%)
Respiatory tract
Gastrontestinal tract
Urinary tract
Others
Bacteremia (%)

Infial absolute neutrophi
‘count [x10°AL] (median,
95%C)

APACHE Il score (mean,
95%C)

Patint’s status 7 days after

recrutment (%)
Recovered
Giicaly it
Deceased

Patiet’s tatus 14 days after

recrutment (%)
Recovered
Crticaly it
Deceased

Patient’s status 28 days after

recrutment (%)
Recovered
Gyt
Deceased

Septic shock

(=19

74(70-89)
a2

a7
a2
22
2
21
16
"

%
2
21
21
53

15,020

(12.994-21,071) (10,380-18,403)

29(25-32)

a2
a7
21

a7
21

a2
3
2

Infection
=11

78(70-81)
45

45
27
45
18
o

27
9

36
36
18
o
18
11011

188-17)

100
o
0

prvalue

093’
o0se'

092%
034’
035’
049’
o014’
038’
070"
087"

oo7'
029"

<0001

0004

0008

0.008"

YA stucy partiipants were diagnosed with acut nfecion and presented within 48 h o

i symptom onset.
'p valoe < 0.05

"Fsher’s exact est “Pearson’s chi-squared test Wicaxon Rank Sum test “ttest.
APACHE Il Acute Physiology and Chvonic Health Evaluation Il: Cl, confidence interval,





OEBPS/Images/fimmu.2020.608696_cover.jpg
’ frontiers
in Immunology

Distinguishing Sepsis From
Infection by Neutrophil Dysfunction:n
A Promising Role of CXCR2
Surface Level





OEBPS/Images/fimmu-11-608696-g002.jpg





