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Background: The inflammatory response plays a critical role in postoperative

nosocomial infections, which are the most common postoperative

complications causing adverse events and poor postoperative outcomes.

This study aimed to explore the ability of early inflammation-related factor

levels to predict the occurrence of nosocomial infections after abdominal

surgery.

Methods: The study included 146 patients with open abdominal surgery (a

nosocomial infection group (NI group, n=42) and a no-nosocomial infection

group (NNI group, n=104)). After 1:1 matching, the patients were divided into a

matching nosocomial infection group (M-NI group, n=25) and a matching no-

nosocomial infection group (M-NNI group, n=25). Serum levels of interleukin

(IL)-6, IL-8, IL-10, IL-12, IL-18, macrophage migration inhibitory factor (MIF),

and monocyte chemotactic protein (MCP-1) were tested at three time points

(pre-operation, 0-hour post-operation (POD1) and 24-hour post-operation

(POD2)). The area under the receiver operating characteristic curve (AUC-ROC)

was used to test the predictive abilities.

Results: There were significant differences in the levels of IL-6, IL-12, and IL-18

between the M-NI and M-NNI groups (p < 0.05), but not in the levels of other

inflammatory factors. MIF, IL-8, and MCP-1 levels were higher in the M-NI

group than in the M-NNI group at POD2 (p < 0.05). In the ROC analysis, the

AUC for prediction of nosocomial infection using a combination of IL-6 and IL-

18 at POD1 was 0.9616, while the AUCs for IL-6 alone and IL-12 alone were

0.8584 and 0.8256, respectively.

Conclusions: The combination of the levels of inflammatory factors, IL-6 and

IL-18, at the 0-hour postoperative time point, significantly improved the
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predictive ability to the development of postoperative infection during

perioperative period. Our study suggests the importance of monitoring

postoperative inflammatory markers.
KEYWORDS

abdominal surgery, postoperative nosocomial infection, early prediction,
inflammatory factors, interleukin
Introduction

Postoperative nosocomial infection which is caused by the

environment or the staff in the hospital, significantly prolongs

hospitalization, increases the cost of hospitalization, and directly

affects the mortality and disability rates of inpatients (1). Identifying

biomarkers of nosocomial infection and performing interventions

at the early stages is necessary to decrease death or disability.

However, few studies have explored this area and provided effective

predictors of postoperative nosocomial infection.

Previous studies have suggested that patients undergoing major

surgery often present with host immunosuppression, which is

caused by surgical stress, anesthesia, blood transfusion, and

opioids (2–5). Immunosuppression impairs the patient’s internal

defense mechanisms, leading to susceptibility to infection. The

dysfunctional inflammatory response caused by surgical stress is

an important mechanism of host immune injury. Although

previous studies reported the involvement of some cytokines in

this response, there is still much debate on this topic. It is difficult to

use clinical indicators alone to evaluate inflammatory responses to

surgical stress, suggesting that biomarkers of inflammation need to

be combined.

Inflammatory chemokines, cytokines, free radical oxygen

species, and injury-related molecular model molecules are the

main regulatory factors of the body’s inflammatory response to

surgical stress. Studies have shown that the degree and mode of

the inflammatory cascade after stress injury may be related to the

patient outcome. Recent studies have mostly focused on the

predictive abilities of the neutrophil-to-lymphocyte ratio,

monocyte-to-lymphocyte ratio, platelet-to-lymphocyte ratio,

serum fibrinogen level, and C-reactive protein (CRP) level for

the occurrence of post-operative inflammation (6–10). Few

studies have explored the effect of combined interleukins (ILs),

with only inconsistent results in the few reports (11, 12).

Moreover, researchers have explored the effects of these

potential predictive biomarkers on the pre-operative status,

ignoring the possible effect on the early status after the operation.

Our study intends to identify specific, early postoperative,

inflammatory factors among patients with nosocomial infections
02
after abdominal surgery, to help establish an early evaluation

tool to screen patients who are at high risk of inflammation.
Materials and methods

Patient enrollment and data collection

We included a prospective collection of patients who

underwent open abdominal surgery at the Third Xiangya

Hospital of Central South University from July 2017 to

December 2017.

Patients eligible for enrollment in the study were at least 18

years of age, and had undergone open abdominal surgery at the

Third Xiangya Hospital of Central South University from July 2017

to December 2017. Herein, open abdominal surgery refers to open

transabdominal surgery, such as gastrointestinal surgery,

hepatobiliary surgery, pancreatic operation, spleen surgery,

appendix operation and abdominal vascular surgery. However,

abdominal wall operation, hernia surgery, retroperitoneal surgery,

and minimally invasive surgery are excluded from the definition of

“open abdominal surgery”.

Ineligibility criteria were pregnancy, infectious diseases before

surgery, transplantation, long-term use of immunosuppressants,

and any blood system disease involving the granulocyte system.

Additionally, we excluded patients with a postoperative stay of ≤ 48

hours, with an unconfirmed diagnosis of postoperative infection, or

lacking any data.

Patients’ clinical details included basic information and the

clinical information related to the perioperative period.

The study was approved by the Ethics Review Committee of The

Third Xiangya Hospital, Central South University (No. R17008).

Written informed consent was obtained from all participants.
Study design

A total of 160 patients were enrolled in our study. After

excluding eight patients for lack of information or sample

collection, two patients for postoperative stays of ≤ 48 hours,
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and four patients for un-identified clinical outcomes, 146 cases

were enrolled and divided into two groups: a nosocomial

infection group (NI group) (n=42) and a no-nosocomial

infection group (NNI group) (n=104). After 1:1 matching

according to age, sex, surgery conditions, and preoperative

comorbidities, the patients were assigned to a matching

nosocomial infection group (M-NI group, n=25) and a

matching no-nosocomial infection group (M-NNI group,

n=25) to explore the differences in the inflammatory factors.
Blood collection and analysis of
inflammation biomarkers

Blood samples were collected into citrated tubes via venous or

arterial catheters at three-time points (pre-operation (Prep), 0-hour

post-operation (POD1), and 24-hour post-operation (POD2). The

blood samples were centrifuged, and serum aliquots were stored in

cryoprecipitate tubes at −80°C for the analysis of inflammatory

mediators. The Luminex 100 IS (Luminex, Austin, TX) was used to

measure the serum levels of IL-6, IL-8, IL-10, IL-12, IL-18,

macrophage migration inhibitory factor (MIF), monocyte

chemotactic protein (MCP-1). The Luminex system was used

according to the manufacturer’s instructions.
Clinical outcomes

Nosocomial infection refers to the infection acquired by

inpatients, including the infection that occurs during

hospitalization, and the infection that acquires in hospital but

occurs after hospital discharge. It does not include infection that

had started before admission or existed at the time of admission.

The incidence of nosocomial infection must be identified by

the nosocomial surveillance of intrahospital infections or

identified by a review committee comprising three specialist

infectious diseases physicians.
Statistical analysis

All data were analyzed using SPSS 21.0 and R software 3.4.4.

Continuous variables were presented as mean ± standard deviation,

while categorical variables were presented as frequency and

percentage. Statistical differences were summarized using matched

t-test, chi-square test, or rank-sum test, as deemed appropriate. P <

0.05 was considered statistically significant. Odds ratio (OR) was

determined using paired logistic regression. The receiver operating

characteristic (ROC) curve and area under the ROC curve (AUC)

were used for predictions of nosocomial infection in three models

(IL-6, IL-18, and a combination of IL-6 and IL-18). Sensitivity and

specificity for the fitted values are shown in Figure 3.
Frontiers in Endocrinology 03
Results

Demographics and outcomes

In this study, 146 patients were included, of whom 92 were

male and 54 were female. Among the patients, there were 42

patients (69.0% male) in the NI group, accounting for 28.8% of

all the patients, with an average age of 56.8 years. The NNI group

had 104 patients (62.5% male), accounting for 71.2% of all the

patients, with an average age of 56.2 years.

In the NI group, 12 patients had two or more nosocomial

infections, including 3 patients with three or more infections.

During their hospitalization, 42 patients in the NI group had 58

infections (1.3 episodes per patient) with an infectious event rate

of 39.7%, of which 8 patients had multiple-site infections (19%).

The sites of infections showed in the following decreasing

order of frequency: lung, surgical site, urinary tract, and

bloodstream infections.

After 1:1 matching according to age, sex, surgical

classification (Level 3/4), surgery type (elective surgery), and

operative method (open abdominal), the M-NI and the M-NNI

groups were assigned. The characteristics of the patients in both

groups are presented in Table 1. There was no statistically

significant difference in several intraoperative conditions

(intraoperative blood transfusion rate, intraoperative blood

transfusion volume, intraoperative hypotension), laboratory

metrics (preoperative and postoperative), and associated

diseases (acute kidney injury [AKI] and chronic kidney disease

[CKD]). Nevertheless, the operating time presented a statistical

difference. In the M-NI group, five patients had two or more

infections. Among all 25 patients, 17 patients had nosocomial

infections of the lung, and eight patients had infections of

surgical sites.
Circulating inflammatory factors and
nosocomial infection

The relationship between perioperative inflammatory factor

expression and postoperative infection outcome is presented in

Figure 1. After the adjustment of operating time and intraoperative

hypotension, levels of IL-6 (Prep, POD1, POD2), IL-12 (POD1,

POD2), IL-18 (POD1, POD2), and IL-8 (POD2) were found to be

correlated with postoperative infection outcomes (p < 0.05).

Figure 2 demonstrates the difference in circulating inflammatory

factors between patients who developed NI and those who did not.

The levels of IL-6, IL-12 and IL-18 were significantly different

between the M-NI and the M-NNI groups (p < 0.05). The levels of

the inflammatory factors (IL-6, IL-12, and IL-18) increased after the

surgery, although the time taken to reach the peak levels were

inconsistent. Meanwhile, several inflammatory factors such as MIF,
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IL-8, andMCP-1, showedhigher levels in theM-NIgroup than in the

M-NNI group at POD2 (p < 0.05).
Prediction of postoperative
nosocomial infection

Figure 3 depicts the AUC for the univariable and multivariable

associations of the inflammatory factors with the occurrence of

postoperative infection at POD1. In the multivariable model, the

highestORof IL-6 levels for theoccurrenceofpostoperative infection

was found at POD2 (OR=1.31, 95%confidence interval [CI] = 1.10-

1.57,AUC=0.8008).However, thehighestORof the IL-18 levelswas
Frontiers in Endocrinology 04
found at POD1 (OR = 1.65, 95% CI =1.21-2.25, AUC = 0.8256).

Based on the results of inflammatory factors in the multivariable

model, the highestORof 1.36 (95%CI=1.13-1.65)was found for the

combination of IL-6 and IL-18 at POD1, with a maximum AUC of

0.9616. This indicated that the combination of early IL-6 and IL-18

levels was a good predictor of postoperative nosocomial infection in

abdominal surgery recipients.
Discussion

In the current study, we used multiple serum inflammatory

markers at three time points during the perioperative period to
TABLE 1 Characteristics of patients in the M-NI group and M-NNI group.

Factors Total number (n=50) M-NI Group (n=25) M-NNI Group (n=25) P Value

Demographic Data

Age 60 ± 14 60 ± 14 61 ± 13 0.643

Male, n (%) 34 (68.0) 17 (68.0) 17 (68.0) –

Intraoperative data

Operating time (min) 232 (161,296) 244 (208,299) 208 (131,287) < 0.001

Minimally invasive, n (%) 0 (0) 0 (0) 0 (0) –

Elective surgery, n (%) 50 (100.0) 25 (100.0) 25 (100.0) –

Intraoperative blood transfusion rate, n (%) 24 (48) 14 (56.0) 10 (40.0) 0.26

Intraoperative blood transfusion volume (ml) 700 (400,1200) 800 (600,1200) 700 (400,1200) 0.23

Intraoperative hypotension, n (%) 16 (32.0) 11 (44.0) 5 (20.0) 0.069

Laboratory Metrics

F-W (*109) 7.05 ± 3.21 7.49 ± 3.60 6.62 ± 2.78 0.340

F-N (*109) 5.06 ± 3.17 5.65 ± 3.66 4.47 ± 2.52 0.192

F-L (*109) 1.35 ± 0.73 1.19 ± 0.51 1.51 ± 0.87 0.129

F-M (*109) 0.42 ± 0.16 0.44 ± 0.13 0.40 ± 0.13 0.334

F-ALB (g/L) 38.89 ± 6.67 39.04 ± 7.80 38.75 ± 5.46 0.880

L-W (*109) 14.54 ± 5.36 15.33 ± 5.62 13.75 ± 5.08 0.304

L-N (*109) 12.89 ± 5.12 13.74 ± 5.44 12.03 ± 4.74 0.241

L-L (*109) 0.81 ± 0.49 0.75 ± 0.54 0.88 ± 0.43 0.370

L-M (*109) 0.89 ± 0.38 0.91 ± 0.39 0.88 ± 0.38 0.798

L-ALB (g/L) 29.49 ± 5.13 29.13 ± 5.49 29.87 ± 4.81 0.621

Associated Diseases

CKD, n (%) 8 (16.0) 4 (16.0) 4 (16.0) 1

AKI, n (%) 8 (16.0) 5 (20.0) 3 (12.0) 0.440

Infection sites

Surgical site, n (%) 8 (32.0) 8 (32.0)

Lung, n (%) 17 (68.0) 17 (68.0)

Urinary tract, n (%) 2 (8.0) 2 (8.0)

Abdominal, n (%) 4 (16.0) 4 (16.0)

Bloodstream, n (%) 1 (4.0) 1 (4.0)
fron
Continuous variables were presented as mean ± standard deviation, while categorical variables were presented as frequency and percentage.
AKI, acute kidney injury; CKD, chronic kidney disease; F-ALB, preoperative albumin level; F-L, preoperative lymphocyte count; F-M, preoperative monocyte count; F-N, preoperative
nertrophil count; F-W, preoperative white blood cell count; L-L, postoperative lymphocyte count; L-M, postoperative monocyte count; L-N, postoperative nertrophil count; L-W,
postoperative white blood cell count; M-NI group, matching nosocomial infection group; M-NNI group, matching no-nosocomial infection group.
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screen more sensitive markers for abdominal inflammation and

prognosis of surgical patients. According to the comparisons, we

found significant differences in IL-6, IL-12, and IL-18 levels

between the M-NI and M-NNI groups, which might be

associated with the occurrence of postoperative nosocomial

infections. The combined use of IL-6 and IL-18 levels at 0

hours postoperatively significantly improved the prediction of

nosocomial infection.

Previous studies have provided evidence that patients with open

abdominal surgery are at high risk to contract nosocomial

infections, with an incidence rate ranging from 7.3% to 27.20%

(13–15). The incidence of nosocomial infections even exceeded 35%

in a cohort of patients over 45 years of age who underwent

gastrointestinal surgery (16). Studies have confirmed that the

body will develop uncontrolled systemic inflammatory response

syndrome (SIRS) in severe stress, which can cause multiple organ
Frontiers in Endocrinology 05
dysfunction and death of patients mainly in the early stage of stress

(17, 18). With the development of medical technology, most

patients can overcome the early stage of SIRS, but then enter the

more complex stage of immunosuppression.

Postmortem examinations of patients with sepsis reveal

an overactivated inflammatory response characterized

by immunosuppression in the late stage, which can last

for several days or even weeks (19, 20), leading to the

susceptibility of the body to infection in the later stage.

Infection by opportunistic pathogens occurs, and uncontrolled

infections eventually lead to the death of patients (21, 22). Due to

the influence of SIRS on the prognosis of disease, researchers

have focused on studying therapeutic methods to modulate the

inflammatory response. Many intervention methods have

achieved ideal results in in vitro experiments, animal

experiments, and even small-sample clinical studies. However,
FIGURE 1

Forest plot of the relationship between perioperative inflammatory factor expression and postoperative infection outcome after the adjustment
of operating time and low blood pressure in operation. IL, interleukin; MCP-1, monocyte chemoattractant protein; MIF, macrophage migration
inhibitory factor; POD1, 0-hour post-operation; POD2, 24-hour post-operation; Prep, pre-operation.
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large-scale clinical trials have failed (23, 24), which may be

related to the heterogeneity of patients.

At present, there are few methods to investigate inflammatory

disorders and immune damage in patients. Once high-risk patients
Frontiers in Endocrinology 06
are identified in the early perioperative period by screening for the

occurrence of inflammatory disorders and immune damage,

clinicians should be urged to determine the target population for

inflammatory and immunotherapy intervention. To our knowledge,
A B D

E F G

C

FIGURE 2

Serum inflammatory factor levels on pre-operation, 0-hour post-operation, and 24-hour post-operation. (A) The levels of IL-6 increased after
the surgery and were significantly different between the M-NI and the M-NNI groups at three-time points. The time taken to reach the peak
level was at POD1. (B, C) The increasing levels of IL-8 and IL-10 did not show significant differences between the M-NI and the M-NNI groups.
(D) The levels of IL-12 were significantly different between M-NI and M-NNI groups at POD1 and POD2. The time to peak was at POD1. (E) The
postoperative levels of IL-18 were significantly higher in the M-NI group and the time to peak in the M-NI group was POD1. (F, G) MCP and MIF
showed higher levels in the M-NI group than in the M-NNI group at POD2. IL, interleukin; MCP, monocyte chemoattractant protein; MIF,
macrophage migration inhibitory factor; M-NI, matching nosocomial infection group; M-NNI, matching no-nosocomial group; POD1, 0-hour
post-operation; POD2, 24-hour post-operation; Preop, pre-operation.
FIGURE 3

Receiver operating characteristic curves for postoperative infection prediction using IL-6 levels alone or IL-18 levels alone, and IL-6 combined
with IL-18 levels at POD1. IL, interleukin; POD1, 0-hour post-operation; ROC, receiver operating characteristic.
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the effect of CRP has been widely explored; higher levels of pre-

operative CRP are associated with an increased risk of inflammation

in patients with renal surgery, peritoneal surgery, urinary tract

surgery, and some other types of surgery (6, 10, 25). As important

inflammatory factors, the roleof interleukinshas also raised concerns

but with inconsistent results. Similar to our results, a previous study

on the risk factors of sepsis showed that pre-operative IL-6 levels

could predict the incidence of sepsis (11). A recent study, which

enrolled 19 patients with pancreaticoduodenectomy, showed that

patients with post-operative inflammation had lower levels of IL-

12p40, IFN-g, IL-6, and IL-10, but a higher level of TNF-a (12),

warranting further exploration.

Previous studieshaverevealed theeffectsof IL-6, IL-12, andIL-18

on the immune system. IL-6 derived from monocyte is a major

cytokine in postoperative inflammatory stress. It activates acute

reactive proteins such as CRP and procalcitonin (26, 27). Together

with granulocyte and granulocyte-macrophage colony-stimulating

factors, IL-6 can stimulate the primitive granulocyte progenitor cells

in the bonemarrow. In addition, IL-6 can activate anti-inflammatory

pathways, providing negative feedback for the production of pro-

inflammatory cytokines TNF-a and IL-1. Previous studies have

suggested that high IL-6 levels are associated with postoperative

complications for patients aftermajor abdominal surgery (28). IL-12

is an important cellular immune activator that can initiate the Th1

response (29). IL-12canpromote the releaseof IFN-gbynaturalkiller
(NK) cells and CD4+ T cells, thereby promoting the proliferation of

various immune cells, especially cytotoxic T cells, B lymphocytes and

NKcells (30).Many stress factorsduring theperioperativeperiod can

inhibit or regulate IL-12 production. Evidence suggests that surgical

stress can inhibit IL-12 production in plasma (31), which is in

agreement with our findings. IL-18, which acts synergistically with

IL-12, plays a pathogenic role in all inflammatory diseases, either by

promotingTh1-orTh2-related responses (32). Previous studieshave

shown that the production of IL-18 increases during stress and it

promotes INF-g production (33). Supplementation with exogenous

IL-18 in patients undergoing surgery can improve the

immunosuppressive status of patients after surgery (34). Thus,

these three inflammatory factors (IL-6, IL-12, and IL-18) are

involved in the activation of the inflammatory response and are

elevated in the early stages of nosocomial infection.

Our study focused on the relationship between

inflammatory factors and nosocomial infection, showing their

changes during the perioperative period. The ROC curve further

provided evidence that the combination of IL-6 and IL-18 could

better predict the occurrence of postoperative nosocomial

infection. Unlike previous research, which just probed the

levels of pre-operative inflammatory factors, we focused on the

early post-operative stage and have provided a more credible

prediction model. We also examined multiple inflammatory

factors and verified the predictive ability of ILs, which is

different from previous studies.

Some limitations of our studies should be considered. As an

exploratory study, the number of patients included is small,
Frontiers in Endocrinology 07
causing bias. Owing to the limitations in the inclusion criteria,

especially the definition of abdominal surgery, the generalization

to other surgery patients of the predictors found in this study

needs further exploration. However, the combination of clinical

indicators and early inflammation indicators is a promising

research direction that must be further investigated. In the next

study, we plan to explore a larger sample size to further clarify the

relationship between inflammatory factors and infection

outcomes, and establish valuable biomarkers to predict the

occurrence of postoperative complications more accurately.
Conclusions

We found that changes in the expression of the inflammatory

factors IL-6, IL-12, and IL-18 in the early perioperative periodmay be

associated with the occurrence of postoperative nosocomial infections,

and that the combined use of inflammatory factors IL-6 and IL-18 at

0 hours postoperatively significantly improved the perioperative

prediction of the development of postoperative infection.
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4. Rybojad P, Jabłonka A, Wilczyńska B, Tabarkiewicz J. Surgery decreases
number of cells secreting cytotoxic mediators and increases secretion of interleukin
10 in patients with lung cancer. Eur J Surg Oncol (2013) 39(11):1269–77.
doi: 10.1016/j.ejso.2013.07.083

5. Zhang Y, Zhang J, Korff S, Ayoob F, Vodovotz Y, Billiar TR. Delayed
neutralization of interleukin 6 reduces organ injury, selectively suppresses
inflammatory mediator, and partially normalizes immune dysfunction following
trauma and hemorrhagic shock. Shock (2014) 42(3):218–27. doi: 10.1097/
shk.0000000000000211

6. Itami Y, Miyake M, Tatsumi Y, Gotoh D, Hori S, Morizawa Y, et al.
Preoperative predictive factors focused on inflammation-, nutrition-, and
muscle-status in patients with upper urinary tract urothelial carcinoma
undergoing nephroureterectomy. Int J Clin Oncol (2019) 24(5):533–45.
doi: 10.1007/s10147-018-01381-y

7. Ates E, Ucar M, Keskin MZ, Gokce A. Preoperative neutrophil-to-
lymphocyte ratio as a new prognostic predictor after microsurgical subinguinal
varicocelectomy. Andrologia (2019) 51(2):e13188. doi: 10.1111/and.13188

8. Okugawa Y, Toiyama Y, Yamamoto A, Shigemori T, Ichikawa T, Yin C, et al.
Lymphocyte-to-C-reactive protein ratio and score are clinically feasible nutrition-
inflammation markers of outcome in patients with gastric cancer. Clin Nutr (2020)
39(4):1209–17. doi: 10.1016/j.clnu.2019.05.009

9. Amaro E, Moore-Lotridge SN, Wessinger B, Benvenuti MA, An TJ, Oelsner
WK, et al. Albumin and the fibrinogen-to-albumin ratio: Biomarkers for the acute
phase response following total knee arthroplasty. PLoS One (2021) 16(2):e0247070.
doi: 10.1371/journal.pone.0247070

10. Saeed K, Dale AP, Leung E, Cusack T, Mohamed F, Lockyer G, et al.
Procalcitonin levels predict infectious complications and response to treatment in
patients undergoing cytoreductive surgery for peritoneal malignancy. Eur J Surg
Oncol (2016) 42(2):234–43. doi: 10.1016/j.ejso.2015.10.004

11 . Zhang H, Meng F, Lu S. Risk factors of sepsis fol lowing
pancreaticoduodenectomy based on inflammation markers and clinical
characteristics. ANZ J Surg (2020) 90(7-8):1428–33. doi: 10.1111/ans.15791

12. Aasvang EK, Pitter S, Hansen CP, Storkholm JH, Krohn PS, Burgdorf SK,
et al. Preoperative TruCulture® whole blood cytokine response predicts post-
operative inflammation in pancreaticoduodenectomy patients-a pilot cohort study.
Scand J Immunol (2020) 92(3):e12930. doi: 10.1111/sji.12930

13. Sun Z, Zhu Y, Xu G, Aminbuhe, Zhang N. Regression analysis of the risk
factors for postoperative nosocomial infection in patients with abdominal tumors:
experience from a large cancer centre in China. Drug Discov Ther (2015) 9(6):411–
6. doi: 10.5582/ddt.2015.01172

14. Fariñas MC, Campo A, Duran R, Sarralde JA, Nistal JF, Gutiérrez-Dıéz JF,
et al. Risk factors and outcomes for nosocomial infection after prosthetic vascular
grafts. J Vasc Surg (2017) 66(5):1417–26. doi: 10.1016/j.jvs.2017.06.078

15. Morales CH, Escobar RM, Villegas MI, Castaño A, Trujillo J. Surgical site
infection in abdominal trauma patients: Risk prediction and performance of the
NNIS and SENIC indexes. Can J Surg (2011) 54(1):17–24. doi: 10.1503/cjs.022109

16. Pearse RM, Harrison DA, MacDonald N, Gillies MA, Blunt M, Ackland G,
et al. Effect of a perioperative, cardiac output-guided hemodynamic therapy
algorithm on outcomes following major gastrointestinal surgery: A randomized
clinical trial and systematic review. JAMA (2014) 311(21):2181–90. doi: 10.1001/
jama.2014.5305
17. Kang JW, Kim SJ, Cho HI, Lee SM. DAMPs activating innate immune
responses in sepsis. Ageing Res Rev (2015) 24(Pt A):54–65. doi: 10.1016/
j.arr.2015.03.003

18. Huber-Lang M, Lambris JD, Ward PA. Innate immune responses to trauma.
Nat Immunol (2018) 19(4):327–41. doi: 10.1038/s41590-018-0064-8

19. Torgersen C, Moser P, Luckner G, Mayr V, Jochberger S, Hasibeder WR,
et al. Macroscopic postmortem findings in 235 surgical intensive care patients with
sepsis. Anesth Analg (2009) 108(6):1841–7. doi: 10.1213/ane.0b013e318195e11d

20. Boomer JS, To K, Chang KC, Takasu O, Osborne DF, Walton AH, et al.
Immunosuppression in patients who die of sepsis and multiple organ failure. JAMA
(2011) 306(23):2594–605. doi: 10.1001/jama.2011.1829

21. Kethireddy S, Kumar A. Mortality due to septic shock following early,
appropriate antibiotic therapy: Can we do better?*. Crit Care Med (2012) 40
(7):2228–9. doi: 10.1097/CCM.0b013e318256bb99

22. Otto GP, Sossdorf M, Claus RA, Rödel J, Menge K, Reinhart K, et al. The late
phase of sepsis is characterized by an increased microbiological burden and death
rate. Crit Care (2011) 15(4):R183. doi: 10.1186/cc10332

23. Cohen J, Opal S, Calandra T. Sepsis studies need new direction. Lancet Infect
Dis (2012) 12(7):503–5. doi: 10.1016/s1473-3099(12)70136-6

24. Angus DC. The search for effective therapy for sepsis: Back to the drawing
board? Jama (2011) 306(23):2614–5. doi: 10.1001/jama.2011.1853

25. Li T, Sun XZ, Lai DH, Li X, He YZ. Fever and systemic inflammatory
response syndrome after retrograde intrarenal surgery: Risk factors and predictive
model. Kaohsiung J Med Sci (2018) 34(7):400–8. doi: 10.1016/j.kjms.2018.01.002

26. Mojtahedzadeh M, Chelkeba L, Ranjvar-Shahrivar M, Najafi A, Moini M,
Najmeddin F, et al. Randomized trial of the effect of magnesium sulfate continuous
infusion on IL-6 and CRP serum levels following abdominal aortic aneurysm
surgery. Iran J Pharm Res (2016) 15(4):951–6.

27. Bian F, Wu YE, Zhang CL. Variation in the levels of IL-6 in pediatric
patients with severe bacterial infectious diseases and correlation analysis between
the levels of IL-6 and procalcitonin. Exp Ther Med (2017) 13(6):3484–8.
doi: 10.3892/etm.2017.4395

28. Rettig TC, Verwijmeren L, Dijkstra IM, Boerma D, van de Garde EM,
Noordzij PG. Postoperative interleukin-6 level and early detection of complications
after elective major abdominal surgery. Ann Surg (2016) 263(6):1207–12.
doi: 10.1097/sla.0000000000001342

29. Trinchieri G. Interleukin-12 and the regulation of innate resistance and
adaptive immunity. Nat Rev Immunol (2003) 3(2):133–46. doi: 10.1038/nri1001

30. Metzger DW, McNutt RM, Collins JT, Buchanan JM, Van Cleave VH,
Dunnick WA. Interleukin-12 acts as an adjuvant for humoral immunity through
interferon-gamma-dependent and -independent mechanisms. Eur J Immunol
(1997) 27(8):1958–65. doi: 10.1002/eji.1830270820

31. Shaashua L, Rosenne E, Neeman E, Sorski L, Sominsky L, Matzner P, et al.
Plasma IL-12 levels are suppressed in vivo by stress and surgery through
endogenous release of glucocorticoids and prostaglandins but not
catecholamines or opioids. Psychoneuroendocrinology (2014) 42:11–23.
doi: 10.1016/j.psyneuen.2013.12.001

32. Sedimbi SK, Hägglöf T, Karlsson MC. IL-18 in inflammatory and
autoimmune disease. Cell Mol Life Sci (2013) 70(24):4795–808. doi: 10.1007/
s00018-013-1425-y

33. Tominaga K, Yoshimoto T, Torigoe K, Kurimoto M, Matsui K, Hada T,
et al. IL-12 synergizes with IL-18 or IL-1beta for IFN-gamma production from
human T cells. Int Immunol (2000) 12(2):151–60. doi: 10.1093/intimm/12.2.151

34. Hiraki S, Ono S, Kinoshita M, Tsujimoto H, Seki S, Mochizuki H.
Interleukin-18 restores immune suppression in patients with nonseptic surgery,
but not with sepsis. Am J Surg (2007) 193(6):676–80. doi: 10.1016/
j.amjsurg.2006.10.021
frontiersin.org

https://doi.org/10.1016/j.cnc.2016.09.012
https://doi.org/10.1016/j.jss.2014.10.030
https://doi.org/10.1016/j.surge.2010.07.011
https://doi.org/10.1016/j.ejso.2013.07.083
https://doi.org/10.1097/shk.0000000000000211
https://doi.org/10.1097/shk.0000000000000211
https://doi.org/10.1007/s10147-018-01381-y
https://doi.org/10.1111/and.13188
https://doi.org/10.1016/j.clnu.2019.05.009
https://doi.org/10.1371/journal.pone.0247070
https://doi.org/10.1016/j.ejso.2015.10.004
https://doi.org/10.1111/ans.15791
https://doi.org/10.1111/sji.12930
https://doi.org/10.5582/ddt.2015.01172
https://doi.org/10.1016/j.jvs.2017.06.078
https://doi.org/10.1503/cjs.022109
https://doi.org/10.1001/jama.2014.5305
https://doi.org/10.1001/jama.2014.5305
https://doi.org/10.1016/j.arr.2015.03.003
https://doi.org/10.1016/j.arr.2015.03.003
https://doi.org/10.1038/s41590-018-0064-8
https://doi.org/10.1213/ane.0b013e318195e11d
https://doi.org/10.1001/jama.2011.1829
https://doi.org/10.1097/CCM.0b013e318256bb99
https://doi.org/10.1186/cc10332
https://doi.org/10.1016/s1473-3099(12)70136-6
https://doi.org/10.1001/jama.2011.1853
https://doi.org/10.1016/j.kjms.2018.01.002
https://doi.org/10.3892/etm.2017.4395
https://doi.org/10.1097/sla.0000000000001342
https://doi.org/10.1038/nri1001
https://doi.org/10.1002/eji.1830270820
https://doi.org/10.1016/j.psyneuen.2013.12.001
https://doi.org/10.1007/s00018-013-1425-y
https://doi.org/10.1007/s00018-013-1425-y
https://doi.org/10.1093/intimm/12.2.151
https://doi.org/10.1016/j.amjsurg.2006.10.021
https://doi.org/10.1016/j.amjsurg.2006.10.021
https://doi.org/10.3389/fendo.2022.1019667
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Combination of early Interleukin-6 and -18 levels predicts postoperative nosocomial infection
	Introduction
	Materials and methods
	Patient enrollment and data collection
	Study design
	Blood collection and analysis of inflammation biomarkers
	Clinical outcomes
	Statistical analysis

	Results
	Demographics and outcomes
	Circulating inflammatory factors and nosocomial infection
	Prediction of postoperative nosocomial infection

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


