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Perioperative Elevated Peripheral Blood
Eosinophil Identifies Postoperative Surgical
Site Infections in Crohn’s Patients with
Gastrointestinal Fistula
Abstract
Background: Recent studies have implied peripheral blood eosinophil (PBE) can
be used as a biomarker in inflammatory bowel disease (IBD). However, the role of
PBE in predicting postoperative surgical site infection (SSI) in patients of Crohn’s
disease (CD) with gastrointestinal (GI) fistula remains unknown. The purpose
of this study was to evaluate the predictive value of perioperative PBE in SSI in
Crohn’s patients undergoing definitive bowel resection.
Methods: One hundred and twenty-two CD patients with GI fistula undergoing
definitive bowel reconstruction were enrolled in this study. Leukocyte, neutrophil,
C-reactive protein (CRP), procalcitonin (PCT), peripheral blood eosinophil (PBE)
was evaluated preoperatively and postoperatively. SSI was an infection occurred
at the surgical site within 30 days after operation, which was identified as purulent
drainage from the surgical site, organism cultured from the fluid of surgical site,
and/or incisional inflammation. Multivariate logistic regression analysis was used
to identify independent risk factors of SSI and receiver operating characteristic
curve (ROC) analysis was used to evaluate effectiveness of PBE. Kaplan-Meier
curve was used to describe the length of hospital and postoperative stay days in
patients with and without high-PBE.
Results: Overall, 37 patients (30.3%) developed surgical site infection (SSI). The
level of PBE in SSI group was higher than NSSI group on POD (postoperative day)
-1 (p=0.002), 3 (p=0.0001) and POD 5 (p=0.026). In multivariate logistic regression
analysis, preoperative high-PBE was independently associated with SSI (P=0.032,
OR=3.308, 95%CI: 2.002-5.750). ROC analysis showed that the ideal cutoff value of
PBE in predicting SSI was 0.2007 × 109/L and 0.2082 × 109/L on POD -1 and 3 with
area under the curve (AUC) was 0.74 and 0.71, respectively. Patients with high-PBE
had a longer length of hospital stay (33 vs 23 days, p=0.01) and longer length of
postoperative stay (16 vs 14 days, p=0.04) compared to patients without high-PBE.
Conclusion: Peripheral blood eosinophil (PBE) can be used as a novel marker
to predict SSI in CD patients with GI fistula undergoing intestinal resection.
Measurement of perioperative PBE is recommended in the routine assessment of
CD with GI fistula undergoing bowel resection.
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Introduction
Surgical site infection (SSI) is the most important postoperative
complication in patients undergoing definitive bowel resections
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[1]. SSI can lead to additional financial burden, prolong the length
of postoperative hospital stay and increase the total duration
of hospitalization [2]. Timely recognition of SSI can significantly
minimize the adverse consequence of this complication.
Furthermore, Gastrointestinal (GI) fistula surgery are commonly
contaminated or dirty surgery and have higher risk in developing
SSI compared with general abdominal operations. SSI is especially
common in patients undergoing gastrointestinal fistula resection.
Therefore, earlier diagnosis and management of SSI should
attract our attention.
GI fistula is a most serious complication in Crohn’s disease (CD)
that can increase mortality and hospitalization [3,4]. Up to two
thirds of CD patients would develop stricture, intra-abdominal
abscess and fistula in the clinical course of the disease [5,6].
A population-based study showed that the cumulative risk of
GI fistula after diagnosed CD for 10 and 20 years was 33% and
50%, respectively [7]. Approximately 70% CD patients received at
least one gastrointestinal resection during the natural course of
disease due to spontaneous or postoperative complication [8]. On
the one hand, bacteria existed in fistula tract was associated with
SSI [9]. Contaminated or dirty wounds provided a fertile ground
for intestinal or environmental bacterial colonization. Patients
with GI fistula would have more opportunity to be infected by
bacteria originating from the fistula tract than the skin [10].
Hence, CD patients with GI fistula were risk at SSI. On the other
hand, CD patients frequently accompanied with malnutrition,
anemia, or immunosuppression owing to using corticosteroids,
immunosuppressant, and biologic [9]. Generally, CD patients with
GI fistula were more likely to happen SSI compared with others.
Presently, there are no reports describing the association between
PBE and SSI in CD with GI fistula. CD is a chronic gut inflammation
disease which involves both innate and adaptive gut immune
system [11]. Eosinophils grow in the bone marrow. It release into
peripheral blood and intestinal lamina propria when the time is
ripe. IL-33, one of Damage associated molecular pattern (DAMPs),
bind to the ST receptor on the eosinophil surface, causing IL-13
to be released [12]. A previous study demonstrated that highPBE was more prevalent in ulcerative colitis (UC) and UC patients
with recurrent high-PBE had higher rates of colectomy than
normal-PBE patients [13]. IBD patients with high-PBE increased
healthcare utilization, and required more aggressive medical
therapy compared to normal-PBE. Multivariate logistic anal
showed that PBE was significantly associated with hospitalization
and surgery in IBD [14]. However, the exact role of PBE in CD,
especially in identifying SSI, remains unknown. The present study
evaluates the predictive SSI role of PBE in CD patients with GI
fistula.

Methods
Study population
We retrospectively reviewed CD patients with GI fistula who
were inpatients in GI Fistula Center, Department of Surgery, and
Jinling Hospital, China form January 2014 to December 2017. The
inclusion criteria were: (1) patients diagnosed as CD according to
clinical manifestations, radiologic and endoscopic evidences; (2)
GI fistula confirmed by abdominal CT or fistulography; (3) patients
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undergoing definitive bowel resection for GI fistula caused by CD.
A definitive bowel resection was defined as an operation that
removes bowel containing CD. The exclusion criteria were: (1)
patients who didn’t receive an operation; (2) patients undergoing
surgical treatment for perianal; (3) patients who accompanied
hypereosinophilic syndrome.

Clinical data collection and laboratory
measurements
We retrieved data of enrolled patients from the medical record
system of Jinling hospital: baseline demographic characteristics
(age, sex, body mass index and history of smoking), comorbidity
(including diabetes mellitus, hypertension, Hepatitis B virus, oral
ulcer and medication allergies), other characteristic of enrolled
patients included duration of disease, previous abdominal
surgery for CD and history of appendectomy. Blood samples were
routinely taken from patients preoperatively and postoperatively
at 5:00 AM. Routine laboratory measurements included leukocyte,
neutrophil, eosinophil counts, C-reactive protein (CRP), procalcitonin
(PCT), hemoglobin (Hb), albumin (Alb), platelet (Plt), and total
bilirubin (TBi). According to the World Health Organization [15],
anemia is defined as Hb level less than 120 g/L for non-pregnant
females and less than 130 g/L for males; leukocytosis was defined as
a white blood cell counts ≥ 11 × 109/L and serum albumin ˂35 g/L
was considered as hypoalbuminemia. High-PBE was defined as
absolute count of peripheral blood eosinophil count ≥ 0.4 × 109/
L14 according to criteria of the medical record system.
SSI was defined as an infection of the incision or organ or space
occurring at the surgical site within 30 days after surgery [16].
Superficial incisional SSI must meet the following criteria: involves
only skin and subcutaneous tissue of the incision and patient
has at least one of the following: A. purulent drainage from the
superficial incision. B. organisms identified from an asepticallyobtained specimen form the superficial incision or subcutaneous
tissue by a culture or non-culture based microbiologic testing
method. C. patient has at least one of the following signs or
symptoms: pain or tenderness; localized swelling; erythema;
or heat. Deep incisional SSI must involve deep soft tissues of
the incision and patient has at least one of the following: A.
purulent drainage from the deep incision. B. a deep incision that
spontaneously dehisces, or is deliberately opened or aspirated
by a surgeon. Organ/Space SSI must involve any part of the
body deeper than the fascia/muscle layers that is opened or
manipulated during the operative procedure. All three subtypes
of SSI including superficial incisional, deep incisional and organ/
space SSI were taken into account for subsequent analysis.

Preoperative management
For all patients, preoperative management included induction
and maintenance of remission using medical management for 2
months prior to operation, preoperative nutritional support by
enteral and/or parenteral nutrition, as well as appropriate source
control strategy including percutaneous drainage for intraabdominal abscess. The medical management within 60 days
prior to surgery included 5-aminosalicylic acid (sulfasalazine,
mesalamine, balsalazide, either orally or topically), steroids,
immunomodulator agents (azathioprine, methotrexate,
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6-mercaptopurine), anti-TNF therapy (inﬂiximab, adalimumab,
certolizumab pegol). Financial data included all healthcare
charges for both inpatient and outpatient sources within the
medical record system, excluding pharmacy charges.

Statistics
All statistical analysis was performed by Graphpad Prism7 (version
7.0a; GraphPad, San Diego, CA, USA). Continuous variables were
expressed as mean ± SE (standard error) and T-test. Categorical
variables were presented as numbers and percentages and
tested using the Chi-square test or Fisher’s exact test. Binary
logistic regression analysis was performed to identify significant
risk factors for SSI. To better classify the independent risk factor
for SSI, all variables found to be different statistically between the
two groups were subjected to logistic regression analysis. Receiver
operating characteristic (ROC) curves and the corresponding
area under curve (AUC) were used to compare the accuracy of
each biomarker as a predictor of SSI. Kaplan-Meier curve was
used to describe the length of hospital and postoperative stay
days in patients with and without high-PBE. A p-value ≤ 0.05 was
considered statistically significant.

Results
Clinical characteristics
There were 122 patients including 37 patients in SSI group and
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85 in NSSI group. The overall incident of SSI was 30.3% (37/122).
Male predominance was observed in both groups (78.4% and
65.9%, respectively). The mean age of the two groups was 38.3 ±
12.2 and 36.0 ± 11.3, respectively. The average BMI of SSI group
was lower than NSSI group, even though there was no statistical
difference (18.9 ± 2.4 vs 18.6 ± 4.2). For smoking, it was similar
between the two groups. 16 patients (43.2%) had received more
than one abdominal surgery for CD previously in SSI group, which
was higher than NSSI (43.2% vs 25.9%), but were no different
between the two groups. 17 patients (45.9%) had received
appendectomy in SSI and 28 patients (32.9%) in NSSI. Perianal
lesion was no difference in the two groups. The wound class >III
between the two groups reached significant difference, which
was 29.7% and 14.9%, respectively (p=0.043) (Table 1).
The medical management was summarized in Table 2. 5-amino
salicylic acid (5-ASA) including sulfasalazine and mesalazine,
were the most commonly used drug in both groups, and the
proportion of patients who had this treatment was 65.6% and
69.9%, respectively. Immunosuppressant, azathioprine (AZA) and
6-mercaptopurine (6-MP), were used by 4 patients (10.8%) in SSI
and 7 patients (8.2%) in NSSI. Corticosteroids and anti-TNF agents
were less used in both groups (13.5% vs 9.4%, 10.8% vs 8.2%,
respectively). Notably, most of patients received enteral nutrition
and/or parenteral nutrition before bowel resection (70.3% vs
83.5%, 75.7% vs 76.5%, respectively).

Table 1 Demographics and disease characteristics of 122 patients.
Variable
%
Gender (male)
BMI, mean ± SD, kg/m2
Age, mean ± SD, y
Smoking (%)
Never
Former
Current
Comorbidity (%)
Diabetes mellitus
Hypertension
HBV
Oral ulcer
Medication allergies
Perianal disease (%)
Yes
No
Duration of disease, mean ± SD, y
Wound class (%)
Contaminated
dirty
Previous abdominal surgery for CD
0-1
>1
History of appendectomy (%)
Yes
No

SSI (n=37)
30.3
29 (78.4)
18.9 ± 2.4
38.3 ± 12.2

NSSI (n=85)
69.7
56 (65.9)
18.6 ± 4.2
36.0 ± 11.3

29 (78.4)
6 (16.2)
2 (5.4)

70 (82.4)
11 (12.9)
4 (4.7)

1 (2.7)
2 (5.4)
3 (8.1)
3 (8.1)
2 (5.4)

2 (2.3)
2 (2.3)
5 (5.9)
2 (2.3)
4 (4.7)

5 (13.5)
32 (86.5)
6.0 ± 5.4

15 (17.6)
70 (82.4)
6.0 ± 4.8

26 (70.3)
11 (29.7)

15 (85.1)
10 (14.9)

21 (56.8)
16 (43.2)

64 (75.3)
21 (24.7)

17 (45.9)
20 (54.1)

28 (32.9)
65 (67.1)

p-value
0.168
0.587
0.313
0.874

0.893

0.571

0.975
0.043

0.041

0.171
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Inflammatory markers and SSI
We compared the laboratory features between the two groups
before and after surgery. The level of preoperative leukocyte
(7.41 ± 3.38 vs 6.28 ± 2.22, p=0.031), eosinophil counts (0.27 ±
0.13 vs 0.17 ± 0.17, p=0.002) and neutrophil (5.29 ± 2.95 vs 4.08 ±
1.90, p=0.008) showed statistically significant difference between
the two groups. 8 patients (21.6%) existed hyperbilirubinemia
in the SSI group and 6 patients (7.1%) was observed in the NSSI
group (P=0.044), which was higher in SSI group than NSSI group
(7.1%) (Table 3).
Postoperatively, the level of leukocyte count was similar on POD
1 but differed on POD 3, 5, 7 in the two groups: 10.40 ± 5.40 vs
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6.98 ± 2.95 × 109/L (p=0.0001) on POD 3; 9.05 ± 3.55 vs 5.96 ±
2.12 × 109/L (p=0.0001) on POD 5; 10.03 ± 4.53 vs 7.29 ± 3.18 ×
109/L (p=0.0001) on POD 7 (Figure 1A). The level of neutrophil
count was different on POD 1, 3, 5 and 7: 12.74 ± 5.32 vs
10.65 ± 4.71 × 109/L (p=0.0001) on POD 1; 8.86 ± 3.91 vs 5.49
± 2.64 × 109/L (p=0.0001) on POD 3; 7.43 ± 3.68 vs 4.43 ± 1.92
× 109/L (p=0.0001) on POD 5; 8.38 ± 4.34 vs 5.54 ± 2.77 × 109/L
(p=0.001) on POD 7 (Figure 1B). The level of eosinophil count
was significant difference between patients with and without SSI
on POD 3 and 5: 0.33 ± 0.26 vs 0.18 ± 0.14 × 109/L (P=0.0001);
0.29 ± 0.37 vs 0.21 ± 0.14 × 109/L (p=0.026) on POD 5 (Figure
1C). The CRP concentration was similar on POD 1 but different on
POD 3, 5 and 7: 168.18 ± 52.22 vs 95.35 ± 51.04 mg/L (p=0.0001)

Table 2 Medical management of 122 patients with CD and GI fistula for within 3 months prior to definitive bowel resection.
Variable
5-ASA (%)
Yes
No
Corticosteroid (%)
Yes
No
AZA/6-MP (%)
Yes
No
Anti-TNF antibody (%)
Yes
No
Preoperative enteral nutrition (%)
<3 months
≥ 3 months
Preoperative parenteral nutrition (%)
Yes
No

SSI (n=37)

NSSI (n=85)

28 (75.7)
9 (24.3)

63 (74.1)
22 (25.9)

5 (13.5)
32 (86.5)

11 (9.4)
74 (90.6)

4 (10.8)
33 (89.2)

7 (8.2)
78 (91.8)

6 (16.2)
31 (83.8)

8 (9.4)
77 (90.6)

11 (29.7)
26 (70.3)

14 (16.5)
71 (83.5)

28 (75.7)
9 (24.3)

65 (76.5)
20 (23.5)

p-value
0.856

0.931

0.91

0.438

0.095

0.924

Table 3 Relationship between laboratory parameters and SSI in 122 patients with CD and GI fistula.
Variable
Preoperative leukocyte counts, mean ± SD (109/L)
Preoperative neutrophil counts, mean ± SD (109/L)
Preoperative eosinophil counts, mean ± SD (109/L)
Preoperative CRP, mean ± SD (mg/L)
Preoperative PCT, mean ± SD (ng/mL)
Preoperative platelet count, mean ± SD (109/L)
Preoperative anima, % (g/L)
Yes
No
Hypoalbuminemia (%) (g/L)
Yes
No
Preoperative total bilirubin (% ) (μmol/L)
<22
≥ 22
High-PBE (%)
<0.4 × 109
≥ 0.4 × 109

4

SSI (n=37)
7.41 ± 3.38
5.29 ± 2.95
0.27 ± 0.13
20.82 ± 26.06
0.23 ± 0.62
248.84 ± 81.48

NSSI (n=85)
6.28 ± 2.22
4.08 ± 1.90
0.17 ± 0.17
13.38 ± 23.74
0.09 ± 0.10
225.56 ± 84.38

17 (45.9)
20 (54.1)

34 (40)
51 (60)

12 (32.4)
25 (67.6)

15 (17.6)
70 (82.4)

p-value
0.031
0.008
0.002
0.126
0.056
0.16
0.54

0.071

0.044
29 (78.4)
8 (21.6)

79 (92.9)
6 (7.1)

21 (56.8)
16 (43.2)

70 (82.4)
15 (17.6)

0.003

This article is available in: http://www.imedpub.com/clinical-immunology-and-infectious-diseases/

Clinical Immunology and Infectious Diseases

2019
Vol. 3 No. 1: 1

Figure 1 The level of (A) leukocyte, (B) neutrophil, (C) eosinophil, (D) CRP, (E) PCT one day before
surgery and on postoperative days (POD) 1, 3, 5 and 7 (*p<0.05, **p<0.01, ***p<0.001). PCT:
procalcitonin; CRP: C-Reactive Protein; POD: Post-Operative Day.

on POD 3; 131.35 ± 62.58 vs 55.27 ± 44.68 mg/L (p=0.0001) on
POD 5; 106.86 ± 79.68 vs 32.03 ± 24.72 mg/L (p=0.0001) on POD 7
(Figure 1D). The PCT concentration was different between the two
groups on POD 1, 3 and 5: 4.27 ± 7.24 vs 2.09 ± 3.46 ng/L (p=0.037)
on POD1; 2.43 ± 2.94 vs 0.91 ± 1.53 ng/L (p=0.001) on POD 3; 1.16 ±
2.13 vs 0.29 ± 0.33 ng/L (p=0.037) on POD 5 (Figure 1E).

Fistula characteristics
10 patients (27%) and 10 (13.9%) had multifistula previously in the
two groups, respectively (p=0.036) (Table 4). 18 patients (48.6%
vs 55.3%) received definitive bowel resection using laparoscopicassisted while 19 patients (51.4% vs 44.7%) by laparotomy in SSI
© Under License of Creative Commons Attribution 3.0 License

group (p=0.499) (Table 5).

The association between preoperative PBE with
postoperative SSI
Superficial incisional SSI were observed in 33 patients (27.0%),
deep incisional SSI in 4 patients (5.9%), and organ/space SSI in
14 (11.5%) patients (Table 6). According to whether had PBE
elevated preoperatively, we divided patients into high-PBE and
normal-PBE group. Furthermore, we found that the frequency
of overall SSI (p=0.003), superficial incisional SSI (p=0.009) and
organ/space SSI (p=0.025) were different between patients
with and without high-PBE. However, no significant statistical
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Table 4 Fistula characteristics.
Variable
Duration of fistula, mean ± SD (months)
Site of fistula (%)
Small intestinal
Colon
Rectum
Ileocolon Anastomosis
Multifistula (%)
Yes
No
The flow of fistula (%) (mL/24 h)
<500
≥ 500

SSI (n=37)
17.6 ± 10.4

NSSI (n=85)
15.3 ± 8.8

p-value
0.507

17 (39.5)
14 (32.6)
2 (4.7)
10 (23.3)

25 (37.3)
22 (32.8)
5 (7.5)
15 (22.4)

10 (27)
27 (73)

10 (13.9)
75 (71.1)

0.036

32 (86.5)
5 (13.5)

70 (82.4)
15 (17.6)

0.571

0.944

Table 5 Operative treatment of GI fistula in 122 patients1.
Variable
SSI (n=37)
NSSI (n=85)
p-value
Operative approach (%)
Laparoscopic-assisted
18 (48.6)
47 (55.3)
0.499
Laparotomy
19 (51.4)
38 (44.7)
Duration of operation (%) (h)
<3
32 (86.5)
74 (87.1)
0.931
>3
5 (13.5)
11 (12.9)
Type of anastomosis
End-to-end
1 (2.3)
3 (3)
0.52
End-to-side
36 (83.7)
73 (75.3)
Side-to-side
6 (14)
21 (21.7)
Number of anastomosis (%)
0-1
29 (78.3)
67 (78.8)
0.956
≥2
8 (21.7)
18 (21.2)
Intraoperative blood loss (%) (ml)
0.839
<300
34 (91.9)
79 (92.9)
>300
3 (8.1)
6 (7.1)
Total cost of hospitalization, mean ±
144.8 ± 25.6
64.8 ± 31.1
<0.0001
SD (CNY, 1000)
1
Because more than one anastomosis may be performed during the surgery, the total number of anastomosis was more than the total number of
patients.
Table 6 Correlation between preoperative PBE and SSI2.
Frequency of High-PBE
Incidence of SSI, %
High-PBE
normal-PBE
p-value
Overall SSI
0.003
Present
16 (51.6)
21 (23.1)
Absent
15 (48.4)
70 (76.9)
Superficial incisional SSI
0.009
Present
14 (45.2)
19 (20.9)
Absent
17 (54.8)
72 (79.1)
Deep incisional SSI
0.985
Present
1 (3.2)
3 (3.3)
Absent
30 (96.8)
88 (96.7)
Organ/Space SSI
0.025
Present
7 (22.6)
7 (7.5)
Absent
24 (77.4)
84 (92.5)
2
High-PBE was defined as absolute count of peripheral blood eosinophil count ≥ 0.4 × 109/L; Normal-PBE was defined as absolute count of
peripheral blood eosinophil count between 0.05 to 0.4 × 109/L.
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Figure 2 The length of the overall hospital stay and postoperative hospital stay between patients with and without high-PBE.

Table 7 Multiple logistic regression for risk factors for postoperative SSI in CD with GI fistula.
Variable
Preoperative PBE ≥ 0.4 × 109
Preoperative leukocytosis
Preoperative neutrophil elevated
Multifistula
Preoperative TBi≥22
Previous abdominal surgery for CD
Wound class>III

95%CI
2.002-5.750
0.623-1.933
1.308-3.582
0.204-15.406
0.027-2.692
0.530-1.224
2.039-6.861

difference was found in deep incisional between patients with
and without high-PBE. Patients with high-PBE preoperatively had
a longer length of hospital stay (33 vs 23 days, P=0.01) and longer
length of postoperative stay (16 vs 14 days, p=0.04) compared
with patients with normal-PBE (Figure 2).
All variables that reached statistically significant difference
between the two groups were subjected to multivariate logistic
regression analysis. These variables included the level of
preoperative PBE, total bilirubin, previous abdominal surgery
and type of fistula. Of these, preoperative high-PBE (P=0.032,
OR=3.038, 95%CI: 2.002-5.750) and type of fistula (P=0.043,
OR=1.774, 95%CI: 0.204-15.406) were independent risk factors
for SSI in CD patients with GI fistula (Table 7).

ROC cure analysis
ROC cure analysis showed that eosinophil count was the ideal
marker for predicting SSI on POD -1. The optimal cutoff value
of eosinophil was 0.2007 × 109/L and AUC was 0.74 with 73%
sensitivity and 70% specificity on POD -1. The optimal cutoff
value of eosinophil was 0.2082 × 109/L and the AUC was 0.71 on
POD 3, which the sensitivity and specificity was 69% and 73%,
respectively. PCT just showed good diagnostic value on POD 3, 5,
which the AUC was 0.70 and 0.73, respectively. On the contrary,
CRP had a better AUC than PCT on POD 3, 5 (0.85 vs 0.70, 0.85 vs
0.73). Preoperatively, the AUC of neutrophil was 0.62 with poor
sensitivity and specificity. Postoperatively, the AUC of neutrophil
was similar with leukocyte on POD 3 and 5 (0.79 vs 0.77, 0.77 vs
0.77) (Figure 3).
© Under License of Creative Commons Attribution 3.0 License

OR
3.038
1.097
1.776
1.774
0.269
0.806
2.814

p-value
0.032
0.748
0.485
0.043
0.264
0.311
0.049

Discussion
The role of perioperative peripheral blood eosinophil in
recognizing postoperative SSI in CD with GI fistula has not
been previously identified. High-PBE has been reported to be
more prevalent in UC and UC with high-PBE had higher rates of
colectomy [13]. SSI are one of the most common postoperative
complications in patients undergoing colorectal surgery, with
increased postoperative morbidity, longer hospital stay, and
health care burden [17]. Therefore, it’s necessary to identify
and manage SSI early following GI fistula surgeries. Hence, the
present study explored the predictive value of PBE in CD patients
with GI fistula who undergoing definitive bowel resection. Firstly,
majority of previous studies focused on colonic eosinophil in
ulcerative colitis, with little or no attention to PBE, especially in
CD. Furthermore, our result demonstrated that PBE was better
than CRP and leukocyte in identifying SSI.
Fistula is the most serious complication in CD patients. Patients
with enteroatmospheric or multifistula eventually need definitive
bowel reconstruction. Bacteria originating from environment and
intestinal colonized in the tract. Patients with GI fistula would
have more opportunity to be infected by bacteria from the
fistula tract. The present study showed that multifistula was an
independent risk factor for SSI.
CRP, a very widely accepted inflammation biomarker, usually has
been used to predict SSI. A meta-analysis demonstrated that the
ability of CRP to predict postoperative complications was highest
on POD 4 (0.84) but worse on POD 1 (0.64) [18]. Another metaanalysis revealed that the highest diagnostic accuracy of CRP was
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Figure 3 Receiver operating characteristic curve (ROC) for biomarkers on POD -1, 1, 3, 5. AUC: area under the curve.
(A) POD -1: The eosinophil has best AUC, which is 0.74 with 73% sensitivity and 70% specificity.
(B) POD 1: The neutrophil has best AUC, which is 0.65 with 64% sensitivity and 67% specificity.
(C) POD 3: The CRP has best AUC, which is 0.85 with 78% sensitivity and 81% specificity.
(D) POD 5: The CRP has best AUC, which is 0.85 with 85% sensitivity and 77% specificity.

detected on POD 4 with an AUC of 0.7 in the abdominal surgery
[19]. Both the two meta-analysis were consistent with our result.
In the present study, CRP had a better AUC on the POD 3 (AUC:
0.85) and 5 (AUC: 0.85) than other markers. A prospective study
to investigate the diagnostic accuracy of CRP and PCT in early
detection of SSI after elective colorectal surgery showed that
CRP was superior in identifying SSI compared with PCT [20]. PCT,
which was elevated in the infection, showed significant difference
between the two groups on POD 1, 3, 5. However, the AUC of PCT
was worse than CRP with low sensitivity and specificity on POD
3 and 5 (0.85 vs 0.70, 0.85 vs 0.73). Two prospective studies also
showed that the diagnostic value of CRP was better than PCT in
patients after colorectal surgery [21,22].

ng/L and 0.83 ng/L, respectively. However, most type of SSI was
incision infection in SSI group (33/37). The AUC of PCT was 0.70
and 0.73 on POD 3 and 5 with low sensitivity and specificity. So
the role of PCT in identifying SSI in CD need to further research.

On the other hand, a previous study show that PCT was a more
reliable marker on POD 3 for intra-abdominal infection compared
with CRP and leukocyte [23]. Moreover, PCT had a better
diagnostic value in anastomotic leak compared with CRP and
leukocyte [20]. The prediction of PCT in abdominal infection also
was better than CRP on POD 3 and 5, which the value was 0.98

Few studies have utilized PBE in predicting postoperative
complication, especially in SSI. In the present work, univariate
analysis showed that preoperative PBE and neutrophil were
significantly different between the two groups. However, only
PBE was an independent factor for predicting SSI. Utilizing
inflammatory cytokines is one way to improve the early

8

A previous study showed that lower preoperative albumin and
higher bilirubin were observed in CD patients, making them
prone to SSI [24,25]. However, we found that the preoperative
albumin was similar between the patients with and without SSI.
For the reason, all CD patients who are to have definitive bowel
resection for GI fistula received parenteral nutrition or combined
with enteral nutrition support to induce remission. Therefore, the
abnormal albumin may well have been corrected preoperatively.

This article is available in: http://www.imedpub.com/clinical-immunology-and-infectious-diseases/
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recognition of SSI [26]. CD is an autoimmune disease which
involved dysfunction of many inflammatory cytokines. Eosinophil
can secrete several cytokines, such as TNF-α, TGF-β and IL-13
[27]. Eosinophil contributed to intestinal inflammation via CRTH2
receptor expressed on Th2 cell in experimental colitis [11]. Griseri
et al. [28] showed that interleukin-23 released by mature DC and
macrophage stimulated Th17 and Th1, what promoted eosinophil
to drive chronic colitis. These evidences indicate eosinophils
can secrete IL13 and TNF-α inducing intestinal damage. On the
other hand, Masterson et al. [29] proposed that eosinophildeficient mice aggravated intestinal inflammation during acute
experimental models of colitis, indicating that eosinophils exert
a protective effect in acute mouse colitis. Thus, we believe that
perioperative eosinophil levels, which reflect both inflammatory
status and immune dysfunction, could be used to predicting SSI
in CD patients. Hence, physician should pay attention on PBE in
CD patients who receive definitive bowel resection. High-PBE was
observed in SSI group (43.2%), which was higher than NSSI group.
Eosinophil accumulated in the flamed gut and influenced the
healing of mucosa [13,28]. So it can explain why eosinophil had
big influence on organ/space SSI. The present report has some
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