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Abstract
We aimed to evaluate the usefulness of C-reactive protein (CRP) and procalcitonin (PCT) as markers of infection, sepsis 
and as predictors of antibiotic response after non-emergency major abdominal surgery. We enrolled, from June 2015 to June 
2019, all patients who underwent surgery due to abdominal infection (peritoneal abscess, peritonitis) or having sepsis episode 
after surgical procedures (i.e. hepatectomy, bowel perforation, pancreaticoduodenectomy (PD), segmental resection of the 
duodenum (SRD) or biliary reconstruction in a Tertiary Care Hospital. Serum CRP (cut-off value < 5 mg/L) and PCT (cut-off 
value < 0.1mcg/L) were measured in the day when fever was present or within 24 h after abdominal surgery. Both markers 
were assessed every 48 h to follow-up antibiotic response and disease evolution up to disease resolution. We enrolled a total 
of 260 patients underwent non-emergency major abdominal surgery and being infected or developing infection after surgical 
procedure with one or more microbes (55% mixed Gram-negative infection including Klebsiella KPC, 35% Gram-positive 
infection, 10% with Candida infection), 58% of patients had ICU admission for at least 96 h, 42% of patients had fast track 
ICU (48 h). In our group of patients, we found that PCT had a trend to increase after surgical procedure; particularly, those 
undergoing liver surgery had higher PCT than those underwent different abdominal surgery (U Mann–Whitney p < 0.05). 
CRP rapidly increase after surgery in those developing infection and showed a statistical significant decrease within 48 h 
in those subject being responsive to antibiotic treatment and having a clinical response within 10 days independently form 
the pathogens (bacterial or fungal). Further we found that those having CRP higher than 250 mg/L had a reduced percent-
age of success treatment at 10 days compared to those < 250 mg/mL (U Mann–Whitney p < 0.05). PCT did not show any 
variation according to treatment response. CRP in our cohort seems to be a useful marker to predict antibiotic response in 
those undergoing non-emergency abdominal surgery, while PCT seem to be increased in those having major liver surgery, 
probably due to hepatic production of cytokines.
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Introduction

Infections following surgical procedures are one of the major 
cause of morbidity and mortality, particularly after abdomi-
nal surgery where they could evolve in a more critical condi-
tions as sepsis [1]. Classification of these infections is based 
according to surgical site infections (SSIs) or distant infec-
tions such as, respiratory tract infections, urinary tract infec-
tions, catheter associated infections, as well as sepsis itself 
[2]. Several risk factors such as age, sex, body mass index 
(BMI), comorbidities like diabetes or organ failure, end-stage 
organ disease or previous oncological diseases requiring 
chemotherapy and/or radiotherapy, have been associated with 
a higher probability to develop the infections [3]. Coupled 
to these well-known risk factors should also be considered 
host factors related to surgical procedure, like operative time, 
blood transfusion, that may further predispose to hospital 
acquired infections too [3]. Therefore, markers to determine 
an earlier onset of infection and possible response to antibi-
otic are fundamental not only in terms of disease resolution 
but also in terms of antimicrobial stewardship strategy, mini-
mizing the risk of antibiotic resistance [4]. At now, several 
papers have been published on the possible makers to manage 
infection after major abdominal surgery and two in particular 
seem to be relevant in clinical management of patients with 
infection after major abdominal surgery [5, 6]. C-reactive 
protein (CRP), is one of the first acute phase proteins to be 
described, being sensitive systemic marker of inflammation 
and tissue damage [7]. Procalcitonin (PCT), the prohormone 
of calcitonin, was first described as a biochemical marker of 
infection in 1993 [8]. Bacterial endotoxins are potent stimuli 
for PCT synthesis, which exhibits faster kinetics than CRP. 
PCT is released into the circulation 3–4 h after an injection 
of endotoxin, reaching peak levels after 8–24 h, while CRP 
peaks at 36–50 h after stimulus [9]. This would make PCT 
more useful as an infection monitoring tool in the periopera-
tive setting; however, discordant data are reported in abdomi-
nal sepsis and infection after major abdominal surgery [10, 
11]. In this study, we aimed to evaluate the usefulness of 
C-reactive protein (CRP) and procalcitonin (PCT), in patients 
with infections and sepsis after major abdominal surgery, to 
early predict infection or surgical complications as well as 
the response to antibiotic treatment.

Patients and methods

Study design

We performed an observational study, from January 2015 
to June 2019, on 260 consecutive patients undergoing 
non-emergency major abdominal surgery, excluding liver 

transplantation, in a large tertiary care Hospital of South 
Italy (AORN A.Cardarelli) evaluating abdominal infec-
tions (peritoneal abscess, peritonitis) or having sepsis epi-
sode after major abdominal surgical procedures (i.e. hepa-
tectomy, bowel perforation, pancreatoduodenectomy (PD) 
or segmental resection of the duodenum (SRD) or biliary 
reconstruction) and colorectal surgery. In these patients, 
we evaluated the trend of C-reactive protein (CRP) and 
procalcitonin (PCT) and their possible correlation with 
postsurgical evolution, infection onset, anastomotic leak 
or dehiscence, antibiotic response as well as related ICU 
stay. The current study analysed a standard approach to 
infection according to diagnostic algorithm, infection 
source control, microbiological data, medical treatment 
and management of complications. All antibiotics were 
used according to their legal indications and license in 
Europe and Italy and Hospital and Regional guidelines 
and therefore no off-label empiric treatment were per-
formed. However, no protocol specifications or interven-
tions about the characteristics of patients, type of infec-
tion, antibiotic regimen and other treatments, or diagnostic 
measures and monitoring was managed except for labora-
tory markers above mentioned. The study was performed 
according to the ethical principles of the Declaration of 
Helsinki and of Good Clinical Practice and with applica-
ble national regulatory and institutional standards. Com-
plicated intrabdominal infections (cIAI) were diagnosed 
according to previous definition as stated by international 
guidelines [1, 2]. Infections were diagnosed as nosocomial 
after 48 h (hrs) or more of hospitalization; community-
acquired infections were defined as those diagnosed before 
this time point or for those patients admitted in hospital 
being already febrile [12]. Further, anamnestic evaluation 
for previous antibiotics use was analysed in all admitted 
patients. Serum CRP (cut-off value < 5 mg/L) and PCT 
(cut-off value < 0.1mcg/L) were measured on the day of 
hospital admission according to centralized laboratory, at 
the following time points: day before surgical procedure 
(T0), 48 h after surgery (T1) and every 48 h as well as at 
the time of fever onset (T2,T3..Tn). Endotoxin activity 
assay (EAA) was also evaluated every 72 h in those hav-
ing abdominal infections. All patients showing infection 
after surgery underwent to microbiological assessment and 
consequently empirically treated according to hospital and 
regional therapeutic protocol or infectious disease special-
ist schedule. Hospital treatment schedules in patients with 
critical condition after non-emergency abdominal surgery 
were as follows: Piperacillin/Tazobactam (4.5 gr every 
8 h) plus Metronidazole or Tigecycline (100 mg loading 
dose and thereafter 50 mg every 12 h) plus Piperacillin/
Tazobactam until June 2016. Beyond that date we had 
the following empirical or antibiogram based antibiotic 
schedule: Ceftolozano/Tazobactam (1.5gr every 8 h) plus 
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Metronidazole (500 mg every 8 h) or Tigecycline (100 mg 
loading dose and thereafter 50 mg every 12 h), or else Cef-
tolozano/Tazobactam plus Tigecylcine plus Fosfomycin 
(4 gr every 6 h), or Ceftazidine/Avibactam plus Tigecy-
cline. All treatment were used in patients with documented 
infection after major abdominal surgery requiring inten-
sive care unit approach and/or with evidence of higher risk 
factors based on our previous experiences [13, 14]. Tar-
geted antimicrobial treatment schedule was based accord-
ing to microbiological culture isolates and MIC based on 
EUCAST; in case of Klebsiella KPC Infection a combined 
three antibiotic based regimen was managed with Mero-
penem plus Tigecycline plus Colistin or Fosfomycin when 
available. A carbapenem sparing policy was introduced 
starting from the end of June 2016; therefore, this class of 
antibiotics was limited in their use and replaced by Cef-
tolozane/Tazobactam or Ceftazidime/Avibactam in criti-
cal clinical condition or in patients admitted as second 
cure from other Hospitals. Carbapenems were used in any 
case only in condition were no other option were available 
according to regional guidelines and literature evidences. 
Response to treatment schedule was based on the follow-
ing variables: resolution of fever, leukocyte count progres-
sive reduction over 72 h, weaning of inotropes drugs in 
those with sepsis and being in ICU [15] and the evaluation 
of CRP and PCT trend. Treatment failure was considered 
when patients had relapsing fever after 5 days treatment. 
Follow-up of antibiotic response and disease evolution was 
managed up 28th-day postsurgical procedure or up fever 
resolution as in-patient or out-patient setting according to 
clinical condition. Statistical analysis has been performed 
by Mann–Whitney U test or Kruskal–Wallis test to com-
pare continuous variables and statistical differences in 
all evaluated subgroups (anastomosis dehiscence vs non 
anastomosis dehiscence or Antibiotic schedule up 2016 vs 
antibiotic schedule from 2016 up today). Univariate and 
Multivariate analyses were also performed. P values below 
0.05 were considered statistically significant. All analyses 
were performed with the Graph Pad software (Mac Os 
10.13), PSPP MacOs Bundles. Data are shown as either 
median or range, in the case of continuous variables or 
number and percentage, for categorical variable.

Results

In this study, we enrolled 260 consecutive patients under-
went non-emergency major abdominal surgery (Table 1); 
140 out 260 were classified as non-infection group (Group 
A) while 120 were found to be affected by infections at the 
time of surgery or after surgical procedure with one or more 
microbes (Group B) (Table 2). As first consideration we did 
not find any difference in age, sex, smoke, alcohol abuse, 

ASA, type of surgery and BMI distribution of enrolled 
patients in both groups. Among those in Group B we had 
21 out 120 patients with postsurgical pneumonia, 15 out 120 
patients had urinary tract infections and 84 out 120 patients 
had cIAI including abdominal abscess at the time of hospital 
admission. 12 out 21 patients with pneumonia had bacterial 
isolation during ICU stay being positive for not multidrug 
resistant Pseudomonas aeruginosa and Klebsiella spp. No 
microbiological data were available for 9 out 21 patients 
with hospital acquired pneumonia. 10 out 15 patients with 
urinary tract infections were positive to Klebsiella pneu-
moniae while the remaining was positive to Acinetobac-
ter baumannii MDR. Eighty-four patients with cIAI, had 
a 65% mixed Gram negative isolates including Klebsiella 
KPC (4.5% of total), Enterobacter spp (20% with 15% of 

Table 1  Baseline characteristics of the entire cohort of study 
(N = 260)

In table, all analyzed parameters are reported on overall patient popu-
lation. Data are expressed ad either number and percentage or median 
and interquartile range (IQR)
CDP cephalic duodeno-pancreatectomy
a Right hemicolectomy, transverse colectomy, left hemicolectomy, sig-
moidectomy

Parameter

Age (yrs), median [IQR] 66.5 [55.2–73.7]
Sex, n (%)
 Male 161 (62)
 Female 99 (38)

BMI, median [IQR] 25.5 [22–25]
Smoke, (%) 25
Potus, (%) 12
Diabetes, n (%) 14
Metabolic syndrome, n (%) 3
Lactates at EAB, median [IQR] 1.15 [0.73–1.15]
ASA Score (as number)
 ASA I 13
 ASA II 127
 ASA III 40

Type of surgery (as number)
 Cholecistectomy 50
 Hepatectomy 80
 CDP 45
 Segmental resection of the duodenum 20
 Total gastrectomy 25
 Partial gastrectomy 16
 Colon  surgerya 22
 Abdominal abscess 27

Fungal infections, n (%) 20 (7.6)
Bacteria, n (%)
 Gram negative 78 (65)
 Gram positive 42 (35)
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ESBL), E.coli (25% with 35% of ESBL), Acinetobacter 
baumanni (3.3%), Klebsiella spp (22%), Pseudomonas aer-
uginosa 15%, other Gram negative (10.2%) (Tables 1 and 
2). On the other hand, 35% of isolated were Gram positive 
including Enterococcus spp non VRE (67% of the isolates) 
or Staphylococcus (33%) of whom MSSA (78%) and MRSA 
(22%). Fungal infections represented 7.6% of overall infec-
tions and were based on Candida albicans (75%), Candida 

tropicalis (12%), Candida Glabrata (8%), Candida spp (5%). 
58% of patients had ICU admission for at least 72 h after 
surgical procedure, 42% of patients had fast track ICU, 
defined as less than 48 h intensive care stay. Our findings 
showed that PCT serum levels did not show any statisti-
cal significant difference among patients with or without 
infection after major abdominal surgery in all observed time 
points (U Mann–Whitney p > 0.05). Indeed procalcitonin 

Table 2  Baseline characteristics 
according to infection: 
univariate and multivariate 
analysis (n = 260)

Table shows the results related to the analysed variables in both groups. Statistically significant differences 
were found in ICU stay over 14 days and response at 48 h. No differences have been found in bacterial 
infections
a Gram-negative MDR including Klebsiella KPC, in this case the following therapeutic schedule was used 
(Colimicine plus Tigecycline plus Meropenem
b Parameters after surgery. Data are expressed ad either number and percentage or median and interquartile 
range (IQR)

Parameter Univariate analysis

Patients without infection
Group A

Patients with infection
Group B

p

Number of Pts 140 120
Age (yrs), median [IQR] 58.5 [55.2–67] 57.5 [47–61.7] 0.132
Sex, n (%) 0.210
 Male 105 (75) 78 (65)
 Female 35 (25) 42 (35)

BMI, median [IQR] 23 [22–25] 24 [23–26] 0.204
Smoke, n (%) 20 (14) 8 (10) 0.364
Potus, n (%) 7 (5) 8 (5) 0.329
Diabetes, n (%) 3 (12.5) 5 (25) 0.436
Metabolic syndrome, n (%) 2 (8.3) 5 (25) 0.217
SOFA Score, median [IQR] 8 [7–9] 8 [7, 8] 0.360
Lactates at  EABb, median [IQR] 2.3 [1.85–3] 2 [1.55–3.75] 0.849
Leukocytosis, median [IQR]
 Baseline 8.5 [5.2–9.3] 11 [19–22.8] 0.293
 72 h 10.5 [7–11.4] 18 [16–20] 0.785
 96 h 7.3 [6.2–8.4] 16 [15.2–18] 0.414

PCT, median [IQR]
 Baseline 4.5 [2–7.5] 5.6 [3.13–7.75] 0.129
 48 h 5.4 [2–8] 5.7 [4–7.5] 0.403

EAA, median [IQR]
 Baseline 0.4 [0.5–0.6] 0.65 [0.4–0.7] 0.457
 72 h 0.56 [0.5–0.6] 0.68 [0.5–0.7] 0.772

PCR, median [IQR]
 Baseline 105 [89–132.2] 284.5 [145.2–346.2] 0.548
 48 h 123 [108.2–174.7] 126 [110–197.2] 0.03

ICU stay over 48 h, n (%) 22 (15.7) 45 (37.5) 0.001
Abx response at 48 h, n (%) 6 (25) 17 (85) 0.000
Exitus, n (%) 15 (12) 10 (8) 1.000
Fungal infections, n (%) 2 (8.3) 2 (10) 1.000
Bacteria, n (%)
 Gram negative 0 78 (65) n.a
  MDRa 0 16(13.3) n.a
 Gram positive 0 42 (35) n.a
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had a trend to early increase after surgical procedure in all 
patients (Tables 1 and 2), (Fig. 1). PCT did not seem to 
show any difference in serum level following the antibiotic 
treatment response according to our treatment response cri-
teria (U Mann–Whitney p > 0.05). Indeed, it was found to 
be higher in the first 48 h, in those presenting anastomotic 
dehiscence (PCT 8.4 vs 4.8 – U Mann–Whitney p 0.004). 
CRP was increased after surgery in those patients presenting 

infection nonetheless it showed a statistical significant trend 
to decrease within 48 h in those being responsive to antibi-
otic treatment and with a clinical response within 10 days 
(U Mann–Whitney p = 0.01). Further we found that those 
showing CRP higher than 250 mg/L had a reduced per-
centage of success treatment at 14 days compared to those 
showing CRP < 250 mg/mL (U Mann–Whitney p < 0.05). 
We also managed a multivariate analysis to evaluate possible 
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Fig. 1  Figure represents serum levels of CRP and PCT throughout follow-up time (T0, T1, T2, T3 and so on) of the patients expressed as log 
scale. Data show the reduction of CRP during follow-up in response to antibiotic therapy

Table 3  Mann–Whitney comparison: PCT values at admission (presurgery), first, second, and third day after surgery (T1, T2, and T3) in patients 
developing postsurgical infection and not

This table shows different CRP and PCT levels according to the introduction of Fosfomycin in antibiotic treatment schedule

Patients with postsurgical infections Antibiotic 
schedule prior 2016

Patients without postsurgical infections
Antibiotic schedule after 2016 including 
Fosfomycin

Mann– 
Whitney 
comparison

PCT ng/mL, median (IR) PCT ng/mL, median (IR)

Presurgery 0.8 (0.6–1.1) 0.75 (0.7–1.83) n.s
T1 4.6 (0.36–6. 2) 5.34 (0.16–6.92) n.s
T2 4.45 (0.37–6.1) 3.75 (0.15–0.64) n.s
T3 2.25 (0.3–4.6) 1.24 (0.12–0.40) P = 0.001

Patients with postsurgical infections Antibiotic 
schedule prior 2016

Patients without postsurgical infections
Antibiotic schedule after 2016 including 
Fosfomycin

Mann– 
Whitney 
comparison

CRP mg/mL, median (IR) CRP mg/mL, median (IR)

Presurgery 178 (198–345) 197 (174–315) n.s
T1 298 (210–374) 302 (232–394) P = 0.001
T2 198 (175–225) 135 (125–202) P = 0.0003
T3 126 (107–182) 86 (87–132) P = 0.0001
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influence of different treatment schedule on patients’ out-
come and the CRP and PCT-related response (Tables 2 and 
3). Of note antibiotic treatment started after 2016 and based 
on the schedule including Fosfomycin showed a faster and 
better infection outcome compared to those without in terms 
of Hospital Stay. Mainly they had a rapid improvement of 
the evaluated parameters for infection and sepsis treat-
ment response, (36 h ± 6 vs 48 h ± 12) (U Mann Whitney 
p = 0.032) (Table 3). In our cohort of patients we had 27 
exitus (15 Group A and 10 in Group B).

Conclusion

The surgical procedure may be a predisposing factor to 
infectious complications and consequently sepsis, influ-
encing the patient prognosis, hospital length of stay and 
therefore being an issue also in antimicrobial resistance 
onset as well on the cost of patient management [1, 2, 
15]. Therefore, an early diagnosis and prompt treatment 
may improve the patient’s care. Previously some studies 
have shown that both CRP and PCT levels significantly 
increase in almost all patients after surgery [3, 4]. Further 
it has also been found that CRP and PCT levels decrease 
during antibiotic treatment in patients suffering from VAP 
(ventilator-associated pneumonia) [5]. On the contrary 
PCT has been observed to be a good predictor of major 
anastomotic dehiscence, with a high sensitivity when 
increase between the third and fifth postoperative days 
[6]. In our cohort we also found that CRP and not PCT 
was statistically significant increased in case of infection 
after surgery and that it has a trend to decrease in response 
to antibiotic treatment. In fact CRP showed a tendency to 
decrease in those subjects with antibiotic response and 
that this response seems to be stronger in those schedule 
after 2016 including Fosfomycin. Therefore, although CRP 
has been considered a non-specific inflammation marker, 
in our cohort seems to be a useful laboratory tool to pre-
dict early onset of the infection and antibiotic response, 
according also to previous evidences too [6]. Particularly 
it seems that once increased and higher than 250 mg/dL 
it seems to be related to the reduced treatment response. 
Therefore, it is our opinion that a prompt antibiotic treat-
ment CRP driven should be managed as soon as possible 
once this marker increase after surgical procedures. Fur-
ther, in the light of the reduction showed in those patients 
with response to antibiotic treatment, it could be useful to 
be tested every 48 h, according to our results and proto-
cols. This approach could be significant to assess antibi-
otic response to promptly change schedule in case of no 
response. Instead, despite PCT increased in those having 
non-emergency major abdominal surgery, did not seem to 

be related to infection onset, antibiotic response or infec-
tion resolution in this setting of patients. This finding 
may be probably due to the stress of surgical procedure or 
abdominal/hepatic production of cytokines on gut where 
this molecule is produced too [8, 9]. Our findings could 
be of interest because it is the first time, at our knowledge, 
that CRP and CPT have been tested to evaluate infection 
after non-emergency major abdominal surgery infection 
showing interesting results about their usefulness. Mul-
tiple events may lead to inflammatory response after 
major abdominal surgery and most of those are related to 
massive inflammation following peritoneal damage and 
organ dysfunction. In this setting of patients underwent 
elective major abdominal surgery CRP rapidly increases 
after surgical procedure when an infection is present and 
it seems to be a useful marker to predict infectious disease 
evolution, and antibiotic response while PCT seem to be 
related to surgical procedure complications as previously 
suggested [5, 10, 11, 15, 16, 17]. It is to underline that our 
findings are based on data collected in patients undergo-
ing elective surgery. In case of emergency major abdomi-
nal surgery different factors may influence the assessed 
markers as cytokine production following the traumatic 
stress [18]. In conclusion, it is our opinion that in patients 
undergoing non-emergency major abdominal surgery CRP 
and not PCT should be managed to early assess possible 
infections as well as antibiotic treatment response and that 
schedule including Fosfomycin may give a clinical advan-
tage in those setting of patients.
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