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Abstract

Introduction—A dysregulated immune response leading to sepsis is the most frequent cause of 

late post-traumatic deaths. We have found a novel anti-inflammatory pathway that is initiated by 

the acute phase protein, C-reactive protein (CRP), interacting with Fcγ receptor (FcγR) on 

monocytes. This pathway is protective in animal models of endotoxin shock. We hypothesized 

that genetic polymorphisms in the FcγR might contribute to monocyte responses and susceptibility 

to infectious complications after severe trauma.

Methods—We conducted an observational study on a prospectively identified cohort of adult 

patients with convenience enrollment admitted after severe trauma. We enrolled 66 patients and 

collected blood samples at enrollment and again at 48 and 72 hrs. Patients were followed through 

their hospital stay and any septic events before 14 days were recorded. Cytokine and CRP levels 

were determined in the plasma from all three blood draws. Additionally, DNA was extracted from 

blood and analyzed for the 131 H/R FcγRIIa polymorphism that strongly affects the binding of 

IgG and CRP to this receptor.

Results—Elevated levels of IL-8, IL-6, IL-10 MCP-1 as well as CRP were associated with 

reduced time to post-traumatic sepsis in Cox regression analysis. Expression of monocyte HLA-

DR below 45% on patient monocytes was also associated with sepsis (HR = 3.15, 95% CI 

1.45-6.93). Genetic analysis found that individuals with the polymorphism of the FcγRIIa receptor 

that binds CRP poorly were also more likely to have decreased monocyte HLA-DR and post-

traumatic sepsis. In vitro studies showed that CRP could attenuate monocyte deactivation in 

volunteers with the polymorphism of the FcγRIIa receptor that binds CRP.
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Conclusions—Our findings suggest that a common genetic variation in the FcγRIIa receptor 

may contribute to infectious susceptibility in trauma patients. In vitro experiments suggest that this 

association is related to the inability of CRP to bind to this FcγRIIa receptor variant.

Level of Evidence—Prognostic study, level III
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Introduction

Traumatic injury is a leading cause of death in persons under 44 years of age. Most deaths 

are secondary to massive hemorrhage or severe brain injury; however, victims who survive 

the initial trauma and resuscitation remain at risk for sepsis and sepsis-associated multi-

organ failure. In fact, 17-23% of all trauma-related deaths are associated with post-traumatic 

sepsis acquired during the hospital in the days and weeks following a severe injury (1-3). 

Although the patterns and severity of injury help identify patients at high risk for developing 

sepsis, clinical factors alone do not account for the development of post-traumatic sepsis.

Post-traumatic sepsis is responsible for prolonged length of ICU stay, increased rates of 

organ failure and remains the leading cause of death in patients who survive the initial 

resuscitation (1-3). A large retrospective analysis of severely injured patients in Germany 

between 1993 and 2008 revealed an overall incidence of post-traumatic sepsis in 10.2% of 

severely injured patients. While the overall mortality for trauma patients decreased over the 

study period, the mortality rates in the subgroup of septic trauma patients did not 

significantly decrease (4). Angus et al estimated average costs per case were $22,100 with 

annual total costs of $16.7 billion nationally in a 1995 review of national cases (5). 

Consequently, post-traumatic sepsis remains a significant problem that requires further 

research. Early identification of patient-specific characteristics associated with its 

development may help in early identification of this complication and timely intervention to 

improve clinical outcomes.

The causes of sepsis are multi-factorial. Acute injury is a risk factor, but so are the many 

interventions that doctors and nurses use to treat acutely injured patients. Preventative 

interventions and quality control programs in hospital care, such as the Surviving Sepsis 

Campaign and CDC monitoring efforts, have done much over the last ten years to increase 

awareness about sepsis. These efforts target early identification of at risk patients, since 

early aggressive treatment of sepsis increases the chance of survival (6). Through these 

efforts, mortality rates from sepsis have declined, yet the risk of sepsis remains high, 

particularly for trauma patients with severe injuries (3,4,6). Identifying predictive factors 

that are associated with post-traumatic sepsis may be the next step for improving care for 

trauma patients.

We and others have found a correlation between post-traumatic sepsis in individuals with 

significant monocyte deactivation following their traumatic injury (7-9). Monocyte 

deactivation in these patients is characterized by 1) a lack of tumor necrosis factor (TNF)-α 
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production upon LPS challenge in vitro, 2) increased production of anti-inflammatory 

cytokines, and 3) markedly reduced HLA-DR expression resulting in a loss of antigen-

presenting capacity. Monocytes with reduced HLA-DR expression have been described in 

trauma patients, and failure to return to normal levels of HLA-DR expression has been 

correlated with higher mortality in severely injured trauma patients (8,9), but the 

mechanisms surrounding monocyte deactivation and its reversal are not fully recognized 

(10).

Fcγ receptors (FcγR) are the family of receptors expressed on innate immune effector cells 

and set a threshold for cell activation by immune complexes. They consist of one inhibitory 

and several activating receptors that differ in their affinity and specificity for 

immunoglobulin (Ig) subclasses. FcγR-induced leukocyte functions, including antibody-

dependent cellular cytotoxicity, phagocytosis, superoxide generation, degranulation, 

cytokine production and regulation of antibody production, are essential for host defense and 

immune regulation (11,12). The ligand– FcγR interaction is influenced by several factors 

that may affect the expression levels of activating and inhibitory FcγRs or change the 

affinity of the receptor (13,14).

C-reactive protein (CRP) is an acute phase serum protein that shares several functions with 

IgG, including complement activation and binding to Fc receptors on monocytes and 

neutrophils (15). CRP binds to microbial antigens and damaged cells, opsonizes particles for 

phagocytosis and regulates the inflammatory response by the induction of cytokine 

synthesis. These activities of CRP depend on its ability to activate complement and to bind 

to FcγR (15,16,17). CRP binds to all three types of FcγR and to the IgA receptor, FcγRI 

(18). Freshly isolated monocytes primarily bind CRP through FcγRIIa (16,19). The FcγRIIa 

plays a central role in the regulation of immunity and autoimmunity and the initiation of 

local inflammation.

The FcγRIIa gene contains a functional single nucleotide polymorphism (SNP) with a G→A 

point mutation resulting in an arginine (R) or histidine (H) at position 131 in the Ig-binding 

domain. This polymorphism is known to affect receptor affinity and specificity. 

Interestingly, the R 131 variant shows strong binding to CRP and weak binding to IgG, 

whereas the H 131 variant shows weak binding to CRP and strong binding to IgG (16,17). 

This polymorphism has clinical implications and may represent a risk factor for certain 

diseases, either at the level of disease susceptibility or at the level of disease severity (20). 

Patients with the R allele were found to have a more severe case of Severe Acute 

Respiratory Syndrome infection and were more likely to be susceptible to encapsulated 

organism infection, which was attributed to poor IgG2 binding to the R variant of FcγRIIa 

(11,20). The FcγRIIa polymorphism has been described as a heritable risk factor for 

autoimmune and infectious diseases (11,20). We hypothesized this common genetic 

variation in the receptor for CRP might contribute to individual differences in monocyte 

responses and susceptibility to infectious complications after severe trauma.

West et al. Page 3

J Trauma Acute Care Surg. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patients and Methods

Patients

The Human Research Review Committee at the University of New Mexico Health Sciences 

Center approved all protocols prior to sample collection. Patients eligible for enrollment 

included severely injured trauma patients defined by an ISS of 16 or greater or requiring 

ICU admission, with age greater than 18 years, and negative pregnancy test. No patients 

were enrolled that were admitted to the ICU for merely observation status. No patient was 

treated with any immunosuppressant or steroids. Patients were followed through their 

hospital stay and any septic events occurring within 14 days of admission were recorded, as 

defined by systemic inflammatory response syndrome (SIRS) criteria with confirmed 

positive cultures and clinical confirmation of infection. Severe sepsis was defined as 

documented infection with acute organ dysfunction. A subset of this study's patient 

population was previously characterized (10,21,22). The subjects characterized in this study 

are part of an ongoing effort to better understand the changes in immune function after 

severe trauma.

Methods

Sample Collection—Study design was a convenience sample (patient enrollment was 

limited to weekdays due to personnel constraints) of prospectively identified patients who 

met enrollment criteria. Blood samples were collected from 66 eligible patients at 

enrollment (day 1) and again at approximately 24 hours (day 2) and 48 hours (day 3) who 

provided informed consent or had consent from a legally authorized representative. Whole 

blood was collected each day in heparinized tubes for determination of plasma cytokine 

levels and in EDTA tubes on day 2 for determination of monocyte markers by flow 

cytometry and for DNA extraction. Septic events were recorded for enrolled patients up 

until day 14 of hospitalization and were defined as presence of 2 or more SIRS criteria with 

confirmed positive culture, combined with the appropriate clinical findings (ie. documented 

course of antibiotic treatment for clinically presumed infection). Only positive cultures were 

considered in the sepsis group. The EMR was evaluated to determine if the appropriate 

clinical criteria were present, ie- tachycardia, fever, leukocytosis and/or tachypnea to 

determine presence of SIRS criteria as well as documentation from the treating physician of 

clinical infection. Multiple organ dysfunction syndrome (MODS) was defined as organ 

failure for at least two organ systems. Organ failure was defined by the Sequential Organ 

Failure Assessment criteria (SOFA score > or = 3 points) during the ICU stay (23). A subset 

of this study's patient population was previously characterized (10,21,22). We have 

previously described the association of heme-oxygenase with monocyte deactivation and 

showed that HO-1 did not correlate with monocyte deactivation in a subset of this cohort 

(10). We identified the expansion of a subpopulation of monocytes in a portion of this 

cohort (21), and finally, we described a correlation between lower apolipoproteins B and AII 

levels and nosocomial infections in a portion of this cohort (22).

Plasma Cytokine Analysis—Heparinized blood samples from each day were 

centrifuged at 1000 rpm for 10 minutes and plasma was collected and stored at -80°C for 

later determination of cytokine concentrations and factor levels. Plasma cytokine 
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concentrations were determined with Milliplex Human Cytokine Immunoassay according to 

the manufacturer's instructions (Millipore, Billerica, MA). The cytokines measured by this 

technique included TNF-alpha, IL-1RA, IL-6, IL-8, IL-10, and MCP-1. CRP, TGF-β, M-

CSF and soluble CD163 concentrations were determined separately by ELISA according to 

the manufacturer's instructions (R&D Systems, Minneapolis, MN for CRP, M-CSF and 

soluble CD163; BD Bioscience, San Jose, CA for TGF-β).

DNA Extraction and Determination of FcγR polymorphism—Whole blood was 

collected from patients at enrollment and control volunteers and stored at -80°C for future 

DNA extraction. DNA extraction was performed using Qiagen DNeasy Blood Kit according 

to manufacturer's instructions (Qiagen Inc, Valencia, CA). Determination of FcγRIIa 

polymorphism Genomic DNA was extracted from EDTA anticoagulated whole blood 

(Gentra Systems Inc., Plymouth, MN). For FcγRIIa genotype determinations, we used 

allele-specific PCR reactions to characterize the presence or absence of the FcγRIIa-131 

histidine (H)/arginine (R) alleles (16). For the FcγRIIa alleles, a forward PCR primer was 

used to bind to a sequence in intron 4 that is unique to the FcγRIIa gene together with either 

H-131– or R-131–specific reverse primers as previously reported (16,24). For the FcγRIII 

polymorphism, Genomic DNA was extracted as described above. FcγRIIIa-158 valine (V)/

phenylanaline (F) polymorphisms were evaluated by directly sequencing, and DNA was 

prepared with commercially purchased primers (Sigma, St. Louis, MO) according to 

Genewiz (Genewiz, Inc, South Plainfield, NJ) sample submission guidelines.

Monocyte Surface Marker Expression—Expression of CD-14 and HLA-DR on 

patient monocytes and volunteer monocytes was determined by flow cytometry, as 

previously described (10). Briefly, whole blood samples were collected from donors in 

EDTA-treated tubes at 48 hours, and 200 μl was used for measurements. The following 

mAb were used: FITC anti-CD14 (Miltenyi Biotec, San Diego, CA) and PerCP-Cy5.5 anti-

HLA-DR (BD Bioscience, San Jose, CA) and corresponding isotype controls. Cells were 

incubated with the mAb for 10 minutes in the dark. RBC were lysed with 2 ml of RBC lysis 

solution (eBioscience, San Diego, CA) at room temperature for 10 minutes. Cells were 

washed once with phosphate buffered saline (PBS) and twice with 3 ml of PAB (0.1% BSA/

0.05% sodium azide in PBS) staining buffer. Cells were then fixed with 2% 

paraformaldehyde and the fluorescence of each sample was analyzed with a flow cytometer 

(BD Bioscience, San Jose, CA) and FlowJo Software (Tree Star, Inc, Ashland, OR). Results 

are expressed as the percentage HLA-DR expressed on CD-14+ cells after subtracting the 

corresponding isotype control.

Deactivation of Control Monocytes—The use of human peripheral blood monocytes 

from healthy donors was approved by the Human Research Review Committee of the 

University of New Mexico Health Sciences Center. Blood from healthy volunteers was 

drawn into heparinized tubes. Peripheral blood mononuclear cells (PBMC) were obtained by 

gradient separation using Ficoll Paque Plus (GE Healthcare, Pittsburgh, PA). Briefly, 5 ml 

of whole blood was diluted 1:1 with PBS and carefully layered over 3 ml of Ficoll Paque 

Plus. Samples were then centrifuged at 1400 rpm for 30 minutes and the mononuclear cell 

layer was collected. PBMC were washed two times in PBS and resuspended in RPMI-1640 
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medium (containing 10% heat-inactivated FBS-HyClone, Sigma, St. Louis, MO). Control 

PBMC were incubated with IL-10 (20 ng/μl) and TGF-β (20 ng/μl) for 22 hours and then 

stimulated with LPS (100 ng/ml) for 4 hours. Acute phase levels of heat-aggregated CRP 

(100 μg/ml) were added at the same time as LPS to the appropriate wells. After an additional 

4 hours of incubation, supernatants were collected and stored at -80°C for future 

determination of TNF-α production by ELISA (BD Bioscience, San Jose, CA) according to 

manufacturer's instructions. Cells were removed and collected with multiple washes of PBS. 

HLA-DR and CD-14 expression was determined by flow cytometry on cultured control 

PBMCs as described above for patient monocytes.

Statistical Analysis—Graphical and statistical analyses were performed using Prism 

software version 5.0 (GraphPad, La Jolla, CA) and SAS version 9.3 (Statistical Analysis 

Software, Cary, NC). Univariate analyses were conducted for each biomarker measured and 

septic complications in patients. Mann-Whitney U tests were used to compare continuous 

variables and Fisher exact tests were used to compare categorical variables. Unadjusted and 

adjusted Cox model regression analyses were used to assess the association between 

biomarkers and time until sepsis. Adjusted models included ISS scores and transfusion in 

addition to biomarkers. ISS was modeled as a quadratic polynomial effect centered at ISS = 

27 (ISS* = (ISS - 27) and transfusion was 1 if the patient was transfused and 0 otherwise. 

Patient follow up was censored after 14 days for patients that did not develop sepsis. 

Biomarkers had skewed distributions and were transformed before analyses using the base 2 

logarithm. With this transformation the hazard ratio for a one unit increase in 

log2(biomarker) corresponds to the effect size for a doubling of the biomarker 

concentration. Longitudinal changes in biomarker concentration were assessed by mixed 

model regression analyses with terms for days from initial blood draw, ISS and whether the 

patient developed sepsis within 14 days. A patient-level random effect was used to account 

for repeated measures. Mann-Whitney U test was used to compare values of volunteer 

monocyte TNF-α production and HLA-DR expression. Association between FcγRIIa 

genotype and sepsis was assessed using Cochran-Armitage exact trend test and with Cox 

model regression. Genetic models in Cox regressions used the number of H copies (0, 1, or 

2) or HH/RH versus RR to assess association with sepsis. Statistical significance was 

determined at p < 0.05. Adjustment for multiple hypotheses tests was made to control the 

false discovery rate to <5% (25).

Results

Clinical Characteristics Correlate with Post-Traumatic Sepsis

Thirty patients developed sepsis during the study period. Characteristics of the study 

population are noted in Table 1. The average ISS was 30 (range 9-55). The average age was 

39 years (range 18-79). There was no significant difference in the incidence of sepsis and 

the mechanism of trauma (i.e. blunt vs. penetrating). Patients who developed post-traumatic 

sepsis were significantly more likely to have received a blood transfusion in the first 24 

hours of resuscitation than patients that did not develop sepsis during the study period 

(Table 1). Fifty-seven percent of transfused patients developed sepsis vs. 25% of patients 

who were not transfused (p=0.02).
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Forty-seven patients (71 percent) were intubated, and 34 of these patients (51 percent) were 

intubated for more than 48 hours (range 3-34 days). Severe sepsis was documented in 23 

patients and seven patients developed MODS. Three patients died during the study period. 

The median day of infection was hospital day 7, with 40% occurring early (≤ hospital day 

5). The specific foci of infection were pneumonia (n=20), urinary tract infection (n=8), and 

bacteremia (n=5), Clostridium dificile colitis (n=1), intraabdominal abscess (n=1), with four 

patients developing infections in multiple sites. Causative bacteria were primarily Gram-

negative (n=20), with one patient having a mixed bacterial infection. Fourteen (21%) were 

treated with empiric antibiotics and seven (11%) were treated with perioperative 

prophylactic antibiotics. Although approaching significance, we did not find a statistically 

significant difference in the incidence of sepsis and the use of antibiotics in our patients 

(67% in those receiving antibiotics vs. 42% in those not receiving antibiotics, p = 0.051). 

The length of antibiotic administration prior to the septic event varied, but the majority were 

given > 48 hours before the septic event occurred. In four patients, the diagnosis of sepsis 

was made while the patient was receiving empiric antibiotic therapy.

Inflammatory Markers Correlate with Post-Traumatic Sepsis

Median levels of cytokines and other biomarkers measured on all 3 days of blood draw are 

listed in Table 2. We performed separate unadjusted and adjusted Cox model regression 

analyses of cytokines measured on days 1, 2 and 3 with presence of septic complication 

prior to day 14 of hospitalization (Figure 1). For adjusted analyses, we chose to adjust for 

injury severity score and need for blood transfusion as these were each significant factors in 

development of post-traumatic sepsis when analyzing clinical factors. We did not include 

hypotension in the adjustment since the transfusion model predicted sepsis as well as 

hypotension in our model. The anti-inflammatory cytokine IL-10 was associated with an 

increased risk of developing sepsis. Similarly, the pro-inflammatory cytokines IL-8 and IL-6 

and the chemokine MCP-1 as well as the acute phase protein CRP were associated with 

increased risk of developing sepsis in the unadjusted analysis. When we adjusted for the 

clinical factors ISS and need for transfusion, only IL-6, IL-10 and CRP remained associated 

with sepsis (Figure 1). After controlling for false discovery, the association between time to 

sepsis and these three biomarkers was not significant. We also explored the time course of 

biomarker concentrations using mixed model regression analyses. Patients that ultimately 

developed sepsis had significantly higher concentrations of IL-6, IL-10 and CRP in their 

initial measurement compared to those that did not develop sepsis. CRP concentrations 

continued to increase over time (p < 0.001) with trends being similar for sepsis and non-

sepsis patients (p = 0.53). IL-6 and IL-10 decreased over time (p < 0.001 for each), and the 

rate of IL-10 decrease was faster in sepsis patients than on non-sepsis patients (p = 0.03).

In our severely injured patient cohort, we found that HLA-DR expression on monocytes, 

measured on day 2 of admission, inversely correlated with infectious complications (52 ± 4 

vs. 38 ± 3, p< 0.005) as previously found (7,8). Expression of monocyte HLA-DR below 

45% on patient monocytes was also associated with sepsis (HR = 3.15, 95% CI 1.45-6.93). 

Decreased HLA-DR expression is an indicator of decreased monocyte responsiveness 

known as monocyte deactivation.
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Genetic Factors Correlate with Post-Traumatic Sepsis

We also found that for each H allele of the FcγRIIa polymorphism, there was an increased 

risk of sepsis (Table 1, Cochran-Armitage Trend Test p = 0.049). The association between 

time to sepsis and the number of H alleles was assessed using Cox model regression with a 

hazard ratio equal to 1.69 per added H allele (95% CI 0.96 – 3.02). When we added ISS and 

CRP (day 3) to the model the hazard ratio for sepsis was 2.90 (95% CI 1.38 – 6.26) per 

added H allele. HH or HR patients had a higher risk of sepsis than RR patients (HR = 3.77, 

95% CI 0.91 – 26.74, p = 0.07) after adjusting for ISS and CRP on day 3. The H allotype of 

the FcγRIIa receptor also correlated with the percentage of monocyte HLA-DR; HH variants 

were more likely to have lower HLA-DR expression when compared to RR variants (Figure 

2). We found no association with FcγRIII polymorphisms on monocyte HLA-DR expression 

or TNF-α production (data not shown).

CRP Reverses Monocyte Deactivation in Volunteers with R allele of FcγRIIa

Because of our findings in the severely injured cohort of patients, we hypothesized that the 

polymorphism of the FcγRIIa receptor that has a higher affinity for CRP could reverse 

monocyte deactivation. We designed an in vitro experiment looking at an experimental 

model of monocyte deactivation and the effects of the allelic polymorphism of FcγRIIa in 

the presence of acute phase levels of CRP. In volunteers with the R allotype of the FcγRIIa 

receptor, a 22-hour incubation with IL-10 and TGF-β significantly decreased HLA-DR 

expression on CD14+ monocytes and decreased the production of TNF-α following LPS 

stimulation when compared to control. In volunteers with an R allele, acute phase levels of 

CRP were able to reverse the monocyte deactivation by increasing HLA-DR expression on 

CD14+ (Figure 3) and by increasing the production of TNF-α in response to subsequent 

stimulation with LPS when compared to controls (Figure 4). In volunteers with the H allele, 

CRP was unable to attenuate monocyte deactivation.

Discussion

Trauma patients who survive their initial injuries and resuscitation remain at an elevated risk 

of morbidity and mortality. This is characterized by a relative immunosuppression that can 

increase the susceptibility to sepsis. The overall incidence of sepsis in post-traumatic 

patients is reported between 2 and 10% (1,4,26). The incidence of sepsis in our patient 

cohort was much higher at 45%; likely reflecting the higher severity of injury with a mean 

ISS of 30 ± 12. These findings are similar to the rates described by Gouel-Chéron et al. 

whose cohort had a 37% incidence of post-traumatic sepsis with a mean ISS of 37 ± 10 (27) 

and Gu et al. who described an incidence of 48.4% with a mean ISS of 25.5 ± 8.0 (28).

The majority of the patients whom developed sepsis had pneumonia as the specific foci of 

infection (65%). This is in spite of the routine use of the ventilator bundle in our intubated 

trauma patients, similar to the findings of Croce et al (29). Although pneumonia was the 

most common infectious site for septic complications, no specific cytokine measured in our 

cohort was associated with pneumonia in independent analysis (data not shown).
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We found clinical variables, biochemical factors and genetic factors that correlated with 

post-traumatic sepsis in our severely injured cohort of patients. We found that blood 

transfusion within the first 24 hours of presentation was associated with the development of 

post-traumatic sepsis. This finding was recently confirmed and further investigated by 

Torrance, et al (30). They found that transfusion of blood products was independently 

associated with altered patterns of gene expression. Their conclusion was that the 

immunosuppressive response to trauma may be exacerbated by blood transfusions, and this 

was associated with an increased susceptibility to nosocomial infections. They demonstrated 

no difference in the overall injury severity score between patients receiving transfusions and 

those that did not. However, there were significantly higher numbers of traumatic brain 

injury patients in the non-transfused group, which may account for the equivalent ISS 

between the two groups, since head trauma is not usually associated with a high transfusion 

requirement (30). When clinical variables were used to predict sepsis in a multivariable 

model, we found that ISS (HR = 1.65 per 10 unit increase, 95% CI 1.21 – 2.28) and 

transfusion (HR = 2.57 95% CI 1.12 – 6.96) were jointly associated with sepsis. Neither age 

nor gender were significantly associated with sepsis, thus our adjusted models used ISS and 

transfusion in these analyses.

We found that elevated levels of the anti-inflammatory cytokine IL-10 and the pro-

inflammatory cytokines IL-8 and IL-6 as well as the chemokine MCP-1 were associated 

with increased odds of developing sepsis. Elevated levels of the acute phase protein CRP 

were also associated with post-traumatic sepsis. Interestingly, soluble CD163 was not 

associated with sepsis in our population, although it has been shown to be a predictor in burn 

patients by Piatkowski et al (31).

Monocyte deactivation as measured by HLA-DR expression is an easily measured marker of 

immune function that has been well characterized in septic and trauma patients (8,9). We 

measured monocyte HLA-DR expression on hospital day 2 for our cohort, and confirmed 

that day 2 levels of HLA-DR expression had a strong inverse correlation with septic 

complications (7,27). We also found that the FcγRIIa allele that does not bind CRP was 

associated with septic complications in the severely injured cohort. We hypothesized that 

this receptor, which is known to regulate monocyte activation and function in host defense, 

could contribute to either reversal or prolongation of monocyte deactivation in these 

patients. In order to further evaluate this hypothesis, we examined monocyte responses from 

FcγRIIa polymorphism-typed donors in an experimental model of monocyte deactivation in 

the presence and absence of acute phase levels of CRP.

Single nucleotide polymorphisms are single base changes in a gene that occur at a 

significant frequency (often defined as more than 1%) in a population. SNPs in the coding 

region of a gene often result in amino acid changes that may alter the functioning of the 

affected proteins. Single nucleotide polymorphisms in the coding regions of FcγRIII and 

FcγRIIa genes appear to have clinical significance (32). The FcγRIIa receptor contains a 

SNP resulting in a functional allelic difference in the binding domain. The H allele binds 

IgG with micromolar affinity while the R allele binds CRP with micromolar affinity. These 

functional differences in the receptor have been shown to alter phagocytic function of host 
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monocytes and clinically to result in differences in susceptibility and severity of disease 

(11-14).

We found that elevated levels of CRP in our severely injured patient cohort were associated 

with infectious complications. This is likely a reflection of the severity of injury. However, 

since CRP levels are known to be elevated after trauma, and we found that the patients with 

the H allele of the FcγRIIa receptor had more infectious complications when compared to 

patients with the R allele, we evaluated the role of acute phase levels of CRP in our in vitro 

experiments. In the in vitro experiments, we were able to attenuate monocyte deactivation in 

volunteers with an R allele when treated with acute phase levels of CRP.

Our findings suggest that a common genetic variation in the FcγRIIa receptor may 

contribute to infectious susceptibility in trauma patients through monocyte deactivation. 

Patients with the R allele of the FcγRIIa receptor may be able to reverse monocyte 

deactivation in the presence of acute phase levels of CRP, while those with the H allele lack 

this ability. Further studies are necessary to delineate the specific mechanism by which CRP 

may reverse deactivation in these patients.

This study is limited by the number of patients included in our analysis as well as the 

convenience sampling enrollment which introduces a possible selection bias. However, we 

confirmed the effect of several independent factors that have previously been associated 

with an increase in post-traumatic sepsis, giving support to our findings (7,27,33,34). We 

propose that a combination of clinical variables, early biochemical markers, and genetic 

factors may aid the clinician in early identification of trauma patients at risk for septic 

complications.
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Figure 1. 
Hazard ratios and 95% confidence intervals for predicting post-traumatic sepsis of each 

inflammatory marker with A) unadjusted COX regression analysis and B) COX regression 

analysis adjusted for confounders, injury severity score and blood transfusion. Values for 

days 1-3 for each biomarker are shown.
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Figure 2. 
HLA-DR expression in monocytes in severely injured trauma patients is significantly 

diminished in patients with the HH FcγRIIa receptor polymorphism compared to patients 

with RR polymorphism of the FcγRIIa receptor, n=15 for HH, n=40 for RH, and n=11 for 

RR, * p < 0.05 in HH vs. RR patients
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Figure 3. 
Acute phase levels of CRP (100 μg/ml) reversed monocyte deactivation in volunteers with R 

allele of the FcγRIIa receptor as evidenced by increased HLA-DR expression on monocytes, 

but did not increase HLA-DR expression on monocytes in volunteers without an R allele 

(HH genotype) n=6 for R allele volunteers, n=5 for HH volunteers, * p < 0.05, ** p < 0.01.
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Figure 4. 
Acute phase levels of CRP (100 μg/ml) increased production of TNF-α following LPS 

stimulation (100 ng/ml) in deactivated monocytes from R allele volunteers but failed to 

affect TNF-α production following LPS stimulation in HH volunteers. n=6 for R allele 

volunteers, n=5 for HH volunteers, * p < 0.05, ** p < 0.01.
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Table 1

Demographics and characteristics of severely injured trauma patients with and without sepsis.

Patient Characteristics All Patients (n = 66) Sepsis (n = 30) No Sepsis (n = 36) P value

Age (mean ± SEM) 39 ± 2 41 ± 3 38 ± 3 0.99

Male, n (%) 44 (67%) 21 (70%) 23 (64%) 0.79

Blunt/Penetrating, n (%) 56/10 (85/15) 29/2 (94/6) 27/8 (77/23) 0.089

Injury Severity Score (median, interquartile range Q3,Q1) 29 (41,20) 37 (41,28) 24 (31,18) < 0.001

ICU LOS (days, median, interquartile range Q3,Q1) 5.5 (17,3) 17 (22,10) 3 (4,2) < 0.001

Ventilator days (median, interquartile range Q3,Q1) 3 (14,0) 14 (19,7) 0.5 (2,0) < 0.001

Initial Systolic Blood Pressure < 90 mmHg, n (%) 20 (30%) 15 (50%) 5 (14%) 0.003

Antibiotic use n (%) 35 (53%) 20 (67%) 15 (42%) 0.051

Blood transfusion within 24 hours of admission, n (%) 42 (64%) 24 (80%) 18 (50%) 0.02

SNP label here, n (column %) 0.049

RR 11 (17%) 9 (25%) 2 (7%)

RH 40 (61%) 21 (58%) 19 (63%)

HH 15 (23%) 6 (17%) 9 (30%)

Statistical significance was determined using Mann Whitney U test for continuous variables, Fisher's exact test for categorical data and the exact 
Cochran-Armitage trend test for FcγRIIa polymorphism.
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