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Objective: To identify rapid and accurate early diagnostic indicators for intra-abdominal
infection (IAI) after general surgery.

Methods: We conducted a retrospective analysis of 3,810 general surgical patients in our
hospital from August 2017 to July 2018. The predictive value of PCT, CRP, TNFa, and IL6
on postoperative days (PODs) 1 and 3 and composite indicators for complicated IAls among
surgical patients was clarified.

Results: There were 271 patients in the infected group and 614 patients in the uninfected group
using Al diagnostic criteria in this study. CRP, PCT, TNFa, and IL6 in the infected group were
significantly higher than the uninfected group on POD1 and POD3. In the infected group, the
composition of the four indicators on POD1 (AUC 0.819) and POD3 (AUC 0.848) showed
higher predictive efficiency than the individual indicators (AUC 0.670-0.805).

Conclusion: The composite of CRP, PCT, TNFa, and IL6 can be used as a predictor of
postoperative abdominal infectious complications with high sensitivity and specificity on
POD1 and POD3, which can provide a basis for early diagnosis of postoperative abdominal
infectious complications.
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Introduction
One of the most common clinical treatments, general surgery can treat acute abdominal
infections (Als) quickly and effectively, as well as many other abdominal diseases.
However, abdominal surgery has a higher risk of infectious complications than surgery
on other body parts, due to human abdominal characteristics of anatomic structure and
a large number of microbiota colonizing the gastrointestinal tract.' Intra-AI (IAI) is
a common infectious complication after abdominal surgery. Studies have shown that
postoperative infections following abdominal surgery account for 2%—20% of nosoco-
mial infections.®* Moreover, the local infection may expand and develop into bacter-
emia, which can cause death when the infection is severe. > Therefore, prediction of
infectious comorbidities at an early stage by reliable methods is very important for the
diagnosis and anti-infective treatment of patients undergoing abdominal surgery.
Inflammatory factors and protein mediators (cytokines, chemokines, acute-
phase proteins) play an important role in IAls.> A meta-analysis comparing the
predictive abilities of CRP and PCT for IAls after elective colorectal surgery®
indicated that these biomarkers could be used to ensure safe early discharge after
elective colorectal surgery.® Serum levels of PCT and CRP have also correlated
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with TAIs after colorectal cancer operation.” Patients with
IAls after colorectal cancer surgery show increased IL6 in
serum.® Some biomarkers associated with intestinal injury
have been explored to identify Al, such as iFABP. Surgical
trauma and severe intestinal sepsis can lead to elevated
iFABP concentrations in plasma, providing a direction for
new biomarker development.” Even so, inflammation
is one of the most important responses caused by
infection.'™'" Currently, a single inflammatory indicator
is used to evaluate infectious comorbidities in most studies
in this field, such as white blood—cell count,12 CRP,13
PCT, and IL6."* However, these traditional indicators are
frequently affected by many other factors or one another,
which makes them unable to accurately predict or reflect
the situation and severity of infection comorbidities after
abdominal surgery.'*'® In this study, we conducted
a retrospective analysis of levels of CRP, PCT, and other
inflammatory factors in patients who had undergone
abdominal surgery, aiming to evaluate the combined pre-
dictive value of these indicators for postoperative IAls.

Methods

Patients
Patients who had had emergency surgery, including acute
appendicitis, alimentary canal perforation, and acute cholecys-
titis, at our hospital from August 2017 to July 2018 (n=3,810)
were enrolled in this study. Demographic information and the
clinical test results were collected, mainly routine blood
tests on postoperative days (PODs) 1 and 3, bacteriology
tests, imaging tests, and infection-related indicators.
Inclusion criteria were age >18 years, no other surgery within
6 months, and no history of tumors, autoimmune disease, or
urinary system disease. Exclusion criteria were incomplete
clinical data, fungal infections, neoplastic disease, preopera-
tive body temperature >37.2°C, preoperative white blood—cell
count >10x10%L, and other related wasting or primary dis-
ease. This study was conducted in accordance with the
Declaration of Helsinki and approved by the Medical Ethics
Committee of Zhejiang Hospital (2021, 71K).

Based on postoperative clinical symptoms and bacter-
divided
a postoperative intra-abdominal infected group and post-

iological test results, patients were into
operative abdominal uninfected group. IAI was defined as
one or more of the following symptoms appearing within
30 days after surgery:'’ positive bacterial culture of
abdominal drainage fluid, peritoneal puncture fluid or

other specimens; negative bacterial culture but abdominal

pain with fever lasting >3 days; pus identified from
abdominal secretions or drainage fluid; celiac abscess pro-
ven by abdominal paracentesis and imaging tests; and
definite IAI supported by further surgery. The remaining
patients were included in the uninfected group.

Bacterial Culture and ldentification

Patients’ incision secretions, peritoneal puncture fluid, per-
ipheral blood, urine, and other specimens were collected to be
used for bacterial culture and identification, conducted strictly
in accordance with National Clinical Laboratory Procedures.
Bacterial cultures were obtained and identified using
a VITEK 2 automatic microorganism analyzer (BioMérieux).

Detection Methods for Inflammatory

Indicators

Peripheral venous blood (5 mL) collected from all patients on
PODI1 and POD3 were used for CRP and PCT testing. Based
on manufacturers’ instructions, CRP was tested using an
Omlipo automatic specific protein analyzer (Guosai
Biotechnology) and PCT using a Maglumi 1000 automated
chemiluminescence immunoassay analyzer (Snibe). Another
5 mL peripheral venous blood was taken from each patient’s
arm, then serum collected by centrifugation for 15 minutes at
3,000 rpm. Serum levels of TNFo and IL6 were measured
using ELISA kits (Cusabio Biotech) in accordance with the
manufacturer’s protocols. Briefly, 50 pL of calibrators samples
per well and a series of standards with known concentrations
were added to a 96-well plate and incubated for 1 hour at 37°C.
After that, the plate was washed five times and incubated with
streptavidin—HRP for 1 hour at 37°C. After being washed
another five times, the plate was incubated with a substrate
mix for 15 minutes at 37°C in the dark. Finally, the reaction
was terminated with a stop solution and the plate read at 450

and 570 nm using a Multiskan FC (Thermo Fisher Scientific).

Statistical Analyses

SPSS 22.0 was used for statistical analysis. Correlations of
intra-abdominal infected parameters and levels of inflamma-
tory indicators on PODI and POD3 were analyzed using
t-tests. Normally distributed measurement data are expressed
as means £ SD, and were analyzed using ANOVA. Receiver-
operating characteristic (ROC) curves were used to assess the
predictive value of inflammatory indicators for postoperative
IAls. Statistical significance was set at P<0.05.
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Results

Patient Characteristics

Of'the 3,810 general abdominal surgery cases, 885 patients met
the inclusion and exclusion criteria. Postoperative infectious
complications were diagnosed in 271 patients, comprising the
infected group (Figure 1). The remaining 614 patients without
postoperative infections comprised the uninfectious group.
Basic information on the infected and uninfected groups is
listed in Table 1 and Supplementary Table 1. No significant

differences in terms of age and sex were found between the
groups (P>0.05). Maximum body temperature in the infected
group was higher than the uninfected group (P=0.008). There
were 320 strains of pathogenic bacteria cultured from speci-
mens in 271 cases with postoperative [Als. Among them, 203
were Gram-negative bacilli (63.58%), mainly Escherichia coli
(24.10%), Pseudomonas aeruginosa (14.97%), and Klebsiella
(8.30%). In 117 strains of Gram-positive bacilli (36.42%), the
dominant strain was Staphylococcus aureus, accounting for
13.39%, followed by S. haemolyticus (7.41%) (Table 2).

Laboratory Outcomes of Patients after
General Abdominal Surgery

When compared with patients without postoperative infec-
tions, blood levels of CRP, PCT, TNFa, and IL6 on POD1
were significantly increased in patients with postoperative
infections (P<0.001, Figure 2). On POD3, blood levels of
inflammatory indicators between patients with and without

Assessed for eligibility
(n=3810)

—> 2925 Excluded

Enrolled (n=885)

Diagnostic criteria of
intra-abdominal infection

Infected group
(n=271)

Non-infected group
(n=614)

Figure | Flowchart of this study.
Abbreviation: POD, postoperative day.

Table | Characteristics of patients after emergency operation

Infected Uninfected P
group group
n 271 614
Age (years) 49.34+7.03 | 50.67+6.88 0.209
Sex (male/female) 160/111 358/256 0.849
Maximum body 38.16+£0.96 | 36.35+0.54 0.008
temperature (°C)

Table 2 Detection of pathogenic bacteria detection in patients
with postoperative infections

n n %
Gram-negative bacteria 203 63.58
Escherichia coli 77 24.1

Pseudomonas aeruginosa 48 14.97
Klebsiella pneumoniae 27 83
Haemophilus 26 8.26
Acinetobacter baumannii 14 4.45
Other I 35
Gram-positive bacteria 117 36.42
Staphylococcus aureus 43 13.39
S. haemolyticus 24 741
Enterococcus faecalis 16 5.01
S. epidermidis 13 4.06
Streptococcus 9 2.8
Other 12 3.75
Total 320 100

postoperative infections were more pronounced for CRP
(8.9349.46 mg/L versus 5.17+0.83 mg/L,P<0.001), PCT
(4.5245.59 mg/L versus 2.47+0.46 mg/L, P<0.001), TNFa
(14.05£13.16 pg/mL versus 5.954+2.14 pg/mL, P<0.001),
and IL6 (14.14+£16.21 pg/mL versus 5.21+1.69 pg/mL,
P<0.001; Figure 2).

Predictive Power of Each Marker for

Postoperative Infections

We calculated the ROCs of PCT, CRP, IL6, and TNFa on
POD1 and POD3, and there were with high AUC
values (Figure 3). In detail, for PCT, CRP, IL6, and TNFa
on PODI1 (Figure 3A), AUCs for postoperative infection
versus noninfection were 0.670, 0.797, 0.741, and 0.698,
respectively. Similarly, inflammatory indicators on POD3
showed significantly different AUCs for postoperative infec-
tion versu uninfection (PCT 0.714, CRP0.794, TNFa 0.796,
and IL6 0.786; Figure 3B). AUC:s of all indicators increased
from PODI to POD3.
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Figure 2 Inflammatory indicators in patients with or without postoperative infections on POD| and POD3. Bars represent means * SEM. ***P<0.001. (A) The level of CRP
in patients on POD| and POD3; (B) the level of PCT in patients on POD| and POD3; (C) the level of TNF-a in patients on PODI and POD3; (D) the level of IL-6 in

patients on PODI and POD3.
Abbreviation: POD, postoperative day.

Predictive Power of Composite Markers

for Postoperative Infection

We further tested whether combinations of PCT, CRP, IL6,
and TNFa as composite indicators were more powerful for
the prediction of postoperative infections. Two, three, and
four composites were evaluated by logistic regression analy-
sis and compared by ROC analyses. AUCs of composites on
PODI and POD3 were 0.819 and 0.848, respectively. AUCs

of composites on POD1 and POD3 were significantly higher
than those of each single indicator (Figure 4). Furthermore,
the AUC of a composite of all four biomarkers was higher
than that of any other composites (Supplementary Figure 1).

Discussion
IAls was a common complication after general surgery, which
has become one of the primary reasons for postoperative
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Figure 4 Performance of the combined inflammatory indicators for prediction of
postoperative infections.
Abbreviation: POD, postoperative day.

infection.'® In our study, there were 320 strains of pathogenic
bacteria cultured from specimens in 271 cases with postopera-
tive TAls, suggesting one patient could be infected by more
than one bacterium. Among them, the dominant strain was

S. aureus, accounting for 13.39%, followed by S. haemolyticus
(7.41%). Therefore, in the surgical procedures, it was neces-
sary to pay more attention to preventing infection by Gram-
negative bacilli while simultaneously avoiding infection by
Gram-positive bacilli, particularly S. aureus.'*>°

Currently, one of the standards for etiological diag-
nosis of TAls is bacterial cultures; however, the long time
spent on bacterial cultures and the low positive rate of
bacteria cannot meet the clinical requirements for rapid
and accurate pathogenic diagnosis.?'*** Therefore, look-
ing for fast and reliable indicators could help in the
diagnosis of IAls after general surgery at an early stage,
which has important clinical significance for anti-
infective treatment.>> > As one of the most common
inflammatory indicators, CRP was used to distinguish
bacterial infections from viral infections, and there were
significant increases bacterial infection. However, there
was also an aspecific increase in CRP in some situations
without infection, such as uninfectious inflammatory
reactions, which could decrease the specificity of CRP
in diagnosing postoperative infection.'***?” A sensitive
indicator of bacterial pathogen infection, PCT had
become an important inflammatory biomarker for identi-
fying bacterial respiratory infections, bloodstream infec-
tions, and urinary system infections.”® Serum PCT can
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rise rapidly and last for a long time in patients with
bloodstream infection, which is valuable in the early

diagnosis of bacterial infections.?’>!

In this study,
AUCs of PCT for the postoperative infection were high
on both POD1 and POD3.

TNFa and IL6 are important proinflammatory factors that
are released early in the course of inflammation.**** The
former can be activated by endotoxins and mediate the synth-
esis of a variety of inflammatory factors and severe infection
complications, continuously increasing the severity of the
inflammatory response by activating the massive secretion of
IL6 and other inflammatory factors. IL6 can also regulate
immunoresponse, acute-phase response, and hematopoietic
function.>* Elevated IL6 levels are found at the onset of dis-
ease. It has been shown that IL6 is directly related to the
severity and duration of severe infection, and dynamic detec-
tion of IL6 is useful in assessment to determine the outcome
and prognosis of patients with sepsis.”>*° In this study, we
found that serum expression of IL6 and TNFa were associated
with TAIs in patients after operation, especially high levels of
IL6, analogous to variations in CRP levels, consistent with
a previous study.’” PCT, IL6, and TNFa can be used to judge
the severity of surgical IAls at an early stage.”” We found
a composite of these indicators can also increase the reliability
of prediction of postoperative infections. Moreover, the pre-
dictive value on POD3 was better than POD1, which can be
used for clinical diagnosis for postoperative infections. As
shown in our study and others,*”** inflammatory factors and
protein mediators, such as PCT, CRP, IL6, and TNFa, can play
an important role in patients with IAIs after emergency surgery.
Although the key mechanism in disease is still not completely
understood, their prognostic value in identifying patients with
complicated IAls can be applied to clinical diagnostic.
Multiple combinations could increase their value in clinical
application. Although the inflammation response was thought
to be directly related to infection, there are also some biomar-
kers associated with other pathology and mechanisms of infec-
tion, such as iFABP,” which has been identified as a sensitive
biomarker for abdominal surgery and Als. These studies also
provide guidance in the development of new diagnosis and
treatment for [Als.

Conclusion

We verified that the peripheral blood inflammatory indicators
PCT, CRP, IL6, and TNFo may indicate an infection after an
abdominal operation. A composite of the four had higher
predictive efficiency than each individually, and thus has the

capacity to predict postoperative IAls, which might further
provide guidance on the antimicrobial treatment of patients
with TAls. However, these findings need further confirmation
in larger-scale clinical studies.
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