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Purpose: Many traumatic patients die from sepsis and multiple organ failure. Early 

recognition of post-traumatic sepsis in traumatic patients will help improve the progno-

sis. Recently, procalcitonin (PCT), macrophage migration inhibitory factor (MIF), and 

lactic acid have emerged as predictive factors. Our study aims to explore the significance 

of PCT, MIF and lactic acid as a predictor of posttraumatic-sepsis in trauma patients.

Methods: This study was conducted on prospective observational study patients who 

visited an emergency medical center in a university hospital from March 2014 to Febru-

ary 2016. We measured the white blood cells, c-reactive protein (CRP), lactic acid, PCT, 

and MIF with serum taken from the patient’s blood within 1 hour of the occurrence of 

the trauma. The definition of post-traumatic sepsis was defined as being part of systemic 

inflammation response syndrome criteria with infections within a week.

Results: A total of 132 patients were analyzed, wherein 74 patients were included in the 

low injury severity score (ISS) group (ISS <15) and 58 patients were included in the high  

ISS group (ISS ≥15). The mean PCT, MIF, and lactic acid levels were higher in the high 

ISS group (p<0.05). Meanwhile, 38 patients were included in the early sepsis group and 

94 patients were included in the non-sepsis group. The mean MIF levels were higher in 

the sepsis group than the non-sepsis group (p<0.05) and there were no significant dif-

ferences in the initial CRP, lactic acid, and PCT levels in these two groups.

Conclusions: MIF may be considered as a predictive factor for sepsis in trauma pa-

tients.

Keywords: Injury; Sepsis; Macrophage migration-inhibitory factors; Procalcitonin; 

Lactic acid
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INTRODUCTION

The mortality rate due to trauma shows three peaks over 

time after the injury. The first peak is immediate death 

after the injury. The cause of this immediate death is in-

variably due to the damage to the brain, brain stem, spinal 

cord, heart, or major blood vessels. The second peak is 

premature death, which occurs within hours of the injury. 

This premature death usually occurs by severe internal 

bleeding in the head, respiratory system, and abdominal 

cavity, or by multiple injuries resulting in excessive bleed-

ing. Most of these injuries can be treated with the current 

medical techniques, but the time interval between the 

time of injury and the time of treatment play a decisive 

role in the recovery of the patient. The third peak is late 

death, which occurs days or weeks after the injury. Nearly 

80% of these late deaths are due to sepsis or multiple or-

gan failure [1].

When the patient is in the third peak of trauma deaths, 

immune responses in vivo are inhibited. This makes the 

body more susceptible to infection, thus leading to sepsis, 

multiple organ failure, and eventually death [2]. Sepsis, 

which is the host’s response to these infections, is a major 

cause of morbidity and mortality worldwide. According 

to recent studies, 18 million cases of sepsis occur world-

wide, and 30% of them die [3]. Because of high mortality 

due to sepsis, prediction of post-traumatic sepsis during 

the early stage of trauma is believed to reduce mortality 

rate. Therefore, the predictive factors for sepsis in trauma 

patients are very important in the early stage of trauma 

[4,5]. However, there were few studies of biomarkers as 

the predictive factors for post-traumatic sepsis, which are 

different from studies of the risk factors for sepsis in trau-

ma patients. Recently, procalacitonin (PCT), macrophage 

migration inhibitory factor (MIF), and lactic acid have 

been cited as the cause of posttraumatic-sepsis [5,6]. Nev-

ertheless, there are only a few studies conducted on these 

factors.

Therefore, the objective of this study is to identify the 

significance of biomarkers, including white blood cell 

(WBC), c-reactive protein (CRP), PCT, lactic acid, and 

MIF, which are predictive factors for sepsis in Korean se-

vere trauma patients.

METHODS

This study was conducted on patients (15 years or older) 

with an injury severity score (ISS) of 10 or higher who 

visited the emergency medical center in Korea University 

Guro Hospital from March 2014 to February 2016. The 

patients who were clearly infected at the time of arrival 

at the emergency medical center or who died within 72 

hours of arrival were excluded from the study. There-

fore, among 22,350 patients with trauma who visited the 

emergency medical center, the study was conducted on 

169 patients (15 years or older) with an ISS of 10 or high-

er, who had no apparent infection at the time of hospital 

visit and survival more than 72 hours. Among them, 37 

patients were excluded due to loss of data, etc., and the 

remaining 132 patients were included. The emergency 

center staff collected blood samples immediately upon ar-

rival of the patient to the hospital, and informed consent 

was obtained from the patient or guardian to explain the 

purpose of the study. The study protocol and informed 

consent documents were reviewed and approved at the 

Korea University Guro Hospital (Institutional Review 

Board No. 13253).

The subjects were classified into two groups based on 

the ISS, namely, the high ISS group with 15 points or 

more and the low ISS group with below 15 points. As ba-

sic data, the patients’ age, gender, heart rate per minute, 

blood pressure, respiratory rate per minute, lactic acid, 

PCT, MIF, and Glasgow coma scale (GCS) were measured 

in each group. In addition, the patients were classified 

into sepsis group and non-sepsis group to examine the 

usefulness of WBC, CRP, PCT, MIF, and lactic acid as 

predictors of sepsis of trauma patients.

Sepsis is life-threatening systemic symptoms arising 

from infection, which satisfy at least two criteria of the 

criteria for the systemic inflammatory response syndrome 

(SIRS). The infection referred herein is limited to a case in 

which the source of infection is clinically confirmed, such 

as pneumonia, urinary tract infection, wound infection, 

or positive blood culture within a week [7,8].

All statistical analyses were performed by using the 

SPSS version 13.0 program (SPSS Inc., Chicago, IL, USA). 

The mean and normal distribution calculations, t-test, 

chi-square test, and correlation analysis were performed. 
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The significance probability was determined to be statis-

tically significant when the p-value was below 0.05. The 

data were expressed as mean±standard deviation.

RESULTS 

Characteristics of the subjects
A total of 22,350 patients visited the emergency medical 

center during the period and 132 subjects were finally 

selected as the study subjects (Fig. 1). Fifty-eight subjects 

with an ISS of 15 points or more were classified into the 

high ISS group, and among them, 28 subjects and 30 sub-

jects were classified into the sepsis group and non-sepsis 

group, respectively. In the low ISS group with an ISS of 

below 15, 74 patients were included, of whom 10 sub-

jects and 64 subjects were classified into the sepsis group 

and non-sepsis group, respectively. The sepsis subjects 

accounted for 48.3% in the high ISS group and 13.5% in 

the low ISS group, thereby indicating a high incidence of 

sepsis in the high ISS group. There were no statistically 

significant differences in gender, age, heart rate, body 

temperature and respiratory rate between the high and 

low ISS groups. However, the systolic/diastolic blood 

pressures and GCS were significantly lower in the high ISS 

group than in the low ISS group, and lactic acid, PCT and 

MIF were also significantly higher in the higher ISS group 

than in the low ISS group (Table 1).

Relation between the severity of trauma and PCT, lactic 
acid, and MIF
MIF, lactic acid, and PCT levels were higher in patients 

with an ISS of 15 or higher than in patients with an ISS 

below 15. The differences in MIF, lactic acid and PCT 

were statistically significant, although both groups showed 

higher levels of MIF, lactic acid, and PCT compared with 

healthy persons having MIF, lactic acid and PCT levels 

within a normal range (Fig. 2). Simple correlation analysis 

was performed in order to determine the linear relation-

ship among the ISS which is an index assessing the degree 

of trauma, PCT, and MIF. The Pearson correlation coef-

ficient with ISS was 0.207 for PCT and 0.141 for MIF, and 

both PCT and MIF showed a weak positive linear rela-

tionship with the ISS (Fig. 3).

Comparison between post-traumatic sepsis patients 
and non-sepsis patients
Among the total of 132 patients who participated in the 

Fig. 1. Flow diagram of patient 
enrollment. ER: emergency room, 
ISS: injury severity score.

Traumatic patients admitteed to ER
n=22,350

Patients in study
n=132

* ISS ≥15
n=58

Sepsis
n=28

Sepsis
n=10

No sepsis
n=30

No sepsis
n=64

ISS <15
n=74

Patients exclusion criteria
• Under 15 years of age (n=11,218)
• Definite infection state (n=26)
• Died within 72 hours (n=10)
• ISS less than 9 (n=11,827)
• Missing patients (n=37)
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study, 38 patients had sepsis, while 94 patients did not 

have sepsis. The sepsis group and the non-sepsis group 

were different from each other in ISS and MIF, but no 

differences were found between sex, age, WBC, CRP, 

PCT, and lactic acid in both groups. The ISS, CRP, PCT, 

and lactic acid levels were the higher in the sepsis group 

than in the non-sepsis group, however, the ISS and MIF 

levels were higher with a statistical significance in the sep-

sis group (Table 2).

DISCUSSION

Sepsis in trauma patients is one of the major complica-

tions requiring long-term hospitalization. Around 1.5 

million people in North America and 1.5 million people 

in North Europe are reported to experience sepsis and 

septic shock annually, thereby showing a mortality rate of 

approximately 35% to 50% [9]. Fast and reliable diagnos-

tic tools are needed; therefore, MIF and PCT, which are 

Table 1. Demographic data in severe trauma patients

High ISS (ISS ≥15) (n=58) Low ISS (ISS <15) (n=74) p-value

Male/female 54/4 58/16 0.1

Age (years) 49.1±7.9 47.4±9.5 0.704

HR (bpm) 86.0±11.0 85.2±6.8 0.87

BT (°C) 36.1±0.4 36.5±0.2 0.047a

SBP (mmHg) 110.3±21.0 130.3±15.3 0.03a

DBP (mmHg) 63.3±15.3 80.1±9.2 0.01a

RR (breaths/min) 21.7±3.2 22.0±1.6 0.727

Lactic acid (mmol/L) 4.25±1.4 2.25±1.1 <0.01a

PCTb (ng/mL) 0.14±0.12 0.085±0.09 <0.01a

MIFc (pg/mL) 2,633±680 1,460±710 <0.01a

GCS 12.4±2.0 14.9±0.1 <0.01a

ISS 30.2±8.0 8.6±0.1 <0.01a

Sepsis 30/58 (48.3) 10/74 (13.5) <0.01a

Values are presented as number (%) or mean±SD.
ISS: Injury severity score, HR: heart rate, BT: body temperature, SBP: systolic blood pressure, DBP: diastolic blood pressure, RR: respiratory rate, PCT: procalci-
tonin, MIF: macrophage migration inhibitory factor, GCS: Glascow coma scale, SD: standard deviation.
aThere was significant statistical difference from other groups (p<0.05). Mean±SD paired t-test, chi-square test (for comparison of sex, existence of sepsis).
bNormal range of healthy human: 0-0.046 ng/mL.
cCut-off range of healthy volunteers: 585±485 pg/mL.

Fig. 2. Level of MIF, PCT, lactic acid in the high ISS group and low ISS group. The data are presented as mean±standard deviation paired t-test. MIF: 
macrophage migration inhibitory factor, PCT: procalcitonin, ISS: injury severity score. ap<0.05.
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produced and secreted according to the body changes of 

the trauma patients, have been suggested as early diagnos-

tic indicators of sepsis of trauma patients. Recently, there 

have been studies on the usefulness of MIF and PCT as 

prognostic factors in trauma patients [5,6]. However, this 

study is meaningful in that no attempt has been made to 

directly compare these factors as predictors of sepsis in 

the early stages of severe trauma patients.

Our study shows that MIF, PCT, and lactic acid levels 

were all higher in patients with an ISS of 15 or higher than 

in patients with an ISS below 15 (Fig. 2). And Pearson 

correlation coefficient representing the correlations with 

ISS were 0.207 in PCT and 0.141 in MIF (Fig. 3). In other 

words, both MIF and PCT had a positive correlation with 

the degree of trauma, and the PCT was more statistically 

significant. Thus, the severity of the trauma is related to 

Table 2. Factors affecting post traumatic sepsis

With early sepsis (n=38) Without early sepsis (n=94) p-value

Male/female 34/04 78/16 0.51

Age (years) 50.3±9.3 47.3±8.6 0.52

ISS 24.7±6.6 15.4±6.7 0.02a

WBCb (x103 cells/μL) 11.0±2.5 11.2±2.3 0.854

CRPc (mg/L) 3.9±4.3 2.8±3.8 0.624

PCTd (ng/mL) 0.17±0.14 0.08±0.08 0.219

MIFe (pg/mL) 2,981.7±686.1 1,588.1±738.4 <0.01a

Lactic acidf (mmol/L) 3.9±1.2 3.1±1.3 0.26

Values are presented as number or mean±SD.
ISS: Injury severity score, WBC: white blood cell, CRP: c-reactive protein, PCT: procalcitonin, MIF: macrophage migration inhibitory factor, SD: standard devi-
ation.
aThere was significant statistical difference from other groups (p<0.05). Mean±SD paired t-test, chi-square test (for comparison of sex).
bNormal range of healthy human: 4.5-11×103 cells/μL.
cNormal range of healthy human: 0-5 mg/L.
dNormal range of healthy human: 0-0.046 ng/mL.
eCut-off range of healthy volunteers: 585±485 pg/mL.
fNormal range of healthy human: 0.5-2.2 mmol/L.

Fig. 3. Simple correlation analysis was performed in order to determine the linear relationship among the ISS, which is an index assessing the degree 
of trauma, PCT, and MIF. The Pearson correlation coefficient with ISS were 0.207 for PCT and 0.141 for MIF, and both PCT and MIF showed a weak posi-
tive linear relationship with the ISS. p<0.05. ISS: injury severity score, PCT: procalcitonin, MIF: macrophage migration inhibitory factor.
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the PCT, MIF, lactic acid. As in our study, other studies 

have also shown an increase in PCT as trauma severity 

increases [10]. Our study shows that ISS, CRP, PCT, MIF, 

and lactic acid were higher in the post-traumatic early 

sepsis group than in the non-sepsis group, however, only 

ISS and MIF had statistically significant differences at the 

p-value<0.05 (Table 2).

PCT is estimated to present a diagnostic index that can 

more accurately predict sepsis and it is being studied as an 

indicator to distinguish non-infectious causes that may 

result in SIRS from infectious causes. PCT begins to rise 

within 6 hours to 12 hours of infection and it is halved a 

day when the infection is controlled by the host’s immune 

system and antibiotics [11]. In this study, PCT was not 

statistically significant as an early predictor of sepsis in 

trauma patients in this study. It is difficult to predict post-

traumatic-sepsis through PCT, since PCT is assumed to 

be increased in the event of an infection and begins to rise 

within 6 hours to 12 hours of infection, making it impos-

sible to predict the occurrence of the infection later [10].

MIF is another factor that is newly emerging for pre-

dicting the inflammatory response in patients with trau-

ma combined with sepsis. It acts as a chemokine-like 

cytokine that recruits WBC and migrates them to infected 

and inflamed areas [12,13]. MIF is stored in the pituitary 

T-cells and macrophages, and it responds to stress-like 

stimuli. The major roles of MIF include macrophage 

regulation, leukocyte immune function regulation, endo-

crine function, and inhibition of glucocorticoid immu-

nosuppression and anti-inflammatory action. MIF plays 

an important role in acute inflammatory diseases, such as 

sepsis shock, rheumatic disease, interstitial lung disease, 

glomerulonephritis, and inflammatory bowel disease. Un-

like other biomarkers that represent hyperinflammation, 

MIF reflects not only hyperinflammation but also im-

mune suppression [14-16]. In this study, the significance 

as a predictor of sepsis in patients with severe trauma was 

higher in MIF than in PCT. Because of the absence of 

infection in the early stage of severe trauma, it is reason-

able to assume that the immune suppression status at the 

early stage of trauma is likely to develop into an infection 

such as sepsis later. Thus, reflecting this immune suppres-

sion status, MIF is considered to be one of the predictors 

of sepsis in severe trauma patients. And another study 

reported that MIF is a useful predictor of early sepsis in 

trauma patients based on the trauma mechanism, revised 

trauma score, survival rate, length of stay in the intensive 

care unit [6]. This supports the findings of our study, in 

which MIF was statistically significant as a predictor of 

early sepsis in trauma patients.

The lactic acid is the final product of anaerobic action. 

It is produced by pyruvate metabolism and its degree 

of production is determined by the redox state of cyto-

plasm. In a hypoxic state, oxidative phosphorylation of 

mitochondria is difficult and pyruvic acid is accumulated, 

which converts to lactic acid [17]. In patients with sepsis 

due to severe trauma, if the oxygen supply is not enough 

and cannot keep up with the required oxygen consump-

tion, it results in hypoxia in the overall tissues, and lactic 

acid is accumulated as a product of anaerobic metabo-

lism. Therefore, lactic acid is known as an index reflecting 

tissue hypoxia [18,19]. For this reason, lactic acid has at-

tracted much attention as a predictor of sepsis. However, 

another study reported the lactic acid that was measured 

in the early emergency room stay in severe trauma pa-

tients was not statistically significant between the survival 

and non-survival groups, thereby indicating that it is not 

appropriate as a predictor of mortality. When considering 

the high proportion of death by sepsis in severe trauma 

deaths, though it is different from the present study that 

used lactic acid as a predictor of sepsis, lactic acid is not 

considered as an appropriate predictor of trauma death or 

sepsis. Also, the results of our study were not statistically 

significant as an early predictor of sepsis in severe trauma 

patients. It is presumed that lactic acid reflects sepsis but 

is not a predictor of sepsis.

The MIF level of the sepsis group was statistically sig-

nificant and it also was higher than that of the non-sepsis 

group in the test for blood that was collected within 1 

hour. That is to say, sepsis is estimated to be caused by 

various causes, such as hyperinflammation and immu-

nosuppression, therefore, MIF can be used as a factor to 

evaluate the overall conditions of the patient unlike PCT, 

such as inflammation or decline in immunity, and sepsis 

after the initial stage, and it may be useful for the early 

diagnosis of trauma patients. However, further studies are 

deemed necessary for the mechanism of the MIF eleva-

tion, and the changes in MIF with time after the trauma 
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should be further investigated through animal experi-

ments.

This study has some limitations. Firstly, this study has 

devised means of determining the effectiveness of bio-

markers as a predictor of post-traumatic sepsis in trau-

ma patients; however, only a small number of patients 

participated in this study, and therefore various factors 

known to affect the occurrence of post-traumatic sepsis, 

such as age, ISS, blood transfusion, and types of trauma, 

could not be excluded. Secondly, MIF is presented as a 

significant biomarker in predicting post-traumatic sepsis. 

But more data are needed to determine the cut-off value. 

Thirdly, ISS of 15 points was used to measure the severity 

of the trauma since there were a few patients enrolled in 

the study, therefore, the research using of 25 points may 

be needed later. And lastly, in this study various biomark-

ers were used for early diagnosis of sepsis. But we do not 

know how treatments and prognosis would be different. It 

would be great if studies were conducted on the effects of 

early treatments with early diagnosis, such as the prompt 

use of antibiotics, small amounts of blood transfusions, 

and prompt operation, etc.

CONCLUSION

This study supports the previous studies that MIF is 

useful as a predictor of early sepsis in trauma patients, 

but the usefulness of PCT as a predictor of early sepsis is 

somewhat different from that of the previous studies. For 

this reason, further research is deemed necessary in a larg-

er number of patients.
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