Open Access Original Article

Procalcitonin versus C-Reactive Protein: Usefulness as a Biomarker of Sepsis in
Surgical Patients

Saqib Hameed, Mubashir Hanif, Zaki Hussain Salamat, Omar Farooq, Sohail Ilyas, Fahim Liaqat

Department of General Surgery, Combined Military Hospital Quetta/National University of Medical Sciences (NUMS) Pakistan

ABSTRACT
Objective: To determine the diagnostic accuracy of serum procalcitonin and C-Reactive Protein in the detection of sepsis, us-
ing the American College of Chest Physicians criteria for sepsis as gold standard.
Study Design: Cross-sectional validation study.
Place and Duration of Study: Department of General Surgery, Combined Military Hospital, Quetta Pakistan, Nov 2021 to Apr
2022.
Methodology: A total of 102 patients with suspected sepsis following major surgery were included in our study. Patients who
suffered from immune-deficiency states, neoplastic disease or were on immunosuppressive drugs within the past one month,
or had samples that were hemolyzed, icteric or lipaemic were excluded. Patients were assessed for the presence of sepsis using
the American College of Chest Physicians criteria 24-hours post-admission. At the same time, patients were tested for serum
procalcitonin and C-Reactive Protein levels.
Results: The mean age of our sample was 49.20+11.48 years, with 57(55.9%) female patients. Serum procalcitonin levels, with a
using a cut-off level of greater than 2.0 ng/mL in determining the presence of sepsis had a sensitivity of 82.2%, a specificity of
30.0% and a diagnostic accuracy of 61.8%, in this regard. Using a cut-off level of 50 mg/L for detecting the presence of sepsis
with C-Reactive Protein levels carried a sensitivity of 74.2%, a specificity of 22.5% and an identical diagnostic accuracy of
53.9%.
Conclusion: Both serum procalcitonin and C-Reactive Protein levels showed a reasonable degree of accuracy in predicting the
presence of sepsis, however, neither was accurate enough to be used in isolation.
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INTRODUCTION septic insult, serum procalcitonin levels rise?

Sepsis-related mortality remains high despite ~ remaining in circulation till the septic focus is
medical advances, with a male mortality of 57 deaths ~ resolved, and rapidly return to normal® Thus, in
per 100,000 and a female mortality of 45.1 deaths per theory, serum procalcitonin can be measured at any
100,000 Early detection with timely management can ~ Point during septic illness and predict whether active
allow mitigation of disease severity and a resultant ~ Sepsis is present, as well as predict the clinical course
decrease in mortality.2 Various serum markers have  ©f the patient to guide antibiotic treatment duration, in
been used to detect the presence of early sepsis suchas ~ contrast to biomarkers such as CRP, which remain
serum lactate, lactate dehydrogenase and C-Reactive ~ elevated up to 1 week after the original infective
Protein (CRP) levels, with varying degrees of success.? stimulus.!? Septic complications following surgery are
However, a major hindrance with these markers was a common occurrence, compelling the use of broad-
their lack of specificity.* Cultures for identification of ~ Spectrum antibiotics for an undefined duration, often
the microbiological aetiology remain a time-consum- ~ Without certainty of diagnosis. We conducted this
ing process and may not yield a positive result despite study with the express purpose of determining
the presence of sepsis.> Procalcitonin is secreted in whether serum procalcitonin can reliably predict the
response to inflammation, which is proposed to be  Presence of sepsis in our sample population.
specific indicator of the presence of bacterial sepsis.® @ METHODOLOGY
Levels of >0.1 ng/mL are associated with the possibili- The cross-sectional validation study was

ty of bacterial infections, while higher levels may  .onducted between Nov 2021 to Apr 2022, in the

predict the presence of sepsis,” as within 2 - 6 hours of Department of General Surgery, Combined Military
I Hospital (CMH), Quetta Pakistan, after getting
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patients via consecutive non-probability sampling.
The WHO sample size calculator was used to calculate
the sample size keeping an expected sensitivity of
76.0%, expected specificity of 72.0%, expected
prevalence of 53.4%.11

Inclusion Criteria: Patients of either gender, aged 18
years or more, who had undergone major surgery
within the past one week, which required the opening
of a mesenchymal barrier i.e., the pleura, peritoneum
or meninges, to enter the cavity within, were included.

Exclusion Criteria: Patients who suffered from
immune-deficiency states, neoplastic disease or were
on immunosuppressive drugs within the past one
month, or samples that were hemolyzed, icteric or
lipaemic, were excluded.

Patients were assessed for the presence of sepsis
using the American College of Clinical Pharmacy
(ACCP) criteria, 24 hours after admission into the
surgical intensive care unit. At the same time, a phle-
botomy was conducted and samples for procalcitonin
(K-EDTA tube) and CRP (Gel separator tube) were
drawn and tested using a RaFIA Procalcitonin (PCT)
Fluorescence ImmunoAssay (FIA) Test and a Cobas B-
101 POC system, respectively. In case of delay in
processing of samples, they were stored at -4°C for
later processing. Procalcitonin was tested for using

RESULTS

Our study enrolled 102 patients, who had a mean
age of 49.20£11.48 years with females in slight
preponderance 57(55.9%). The patients had a mean
Body Mass Index (BMI) of 27.87+1.90 kg/m?2. A total
of 61(59.8%) blood cultures, 18(17.6%) urine cultures,
11(10.8%), 7(6.9%) and 5(4.9%) wound swab, tracheal
aspirate and pus cultures, respectively, were
performed of which, 62(60.8%) patients were culture
positive with 34(54.8%) being Escherichia coli, 7(11.3%)
Streptococcus pyogenes, and 6(9.7%) Enterococcus faecalis.
The mean serum procalcitonin level was 6.65+4.57
ng/mL, while the mean CRP level was 115.16+69.80
mg/L. Patient characteristics according to gender are
displayed in Table-IL

Serum procalcitonin levels, using a cut-off level
of greater than 2.0 ng/mL for predicting the presence
of sepsis, carried a sensitivity of 82.2%, a specificity of
30.0% and a diagnostic accuracy of 61.8%. The CRP
cut-off level of 50 mg/L, for estimating the presence of
sepsis, was associated with a sensitivity of 74.2%, a
specificity of 22.5% and an identical diagnostic
accuracy of 53.9%. The results for the wvarious
characteristics of the tests are shown in Table-II.

Table-I: Patient Characteristics According to the Gender
(n=102)

5 Male Female -
patients’ plasma, while serum was used for CRP. Variables Patients Patients Va};ue
Cultures were also drawn from each patient, if Gender 45(44.1%) 57(55.9%) N
possible, from the suspected source of infection or, if ~ Age (years) 52.18+11.59| 46.84+10.92 | 0.019
none was available, blood was drawn. A procalcitonin Body Mass Index(kg/m2) | 27.62+1.94 | 28.07+1.86 | 0.231
level of greater than 2.0 ng/mL was considered Culture Origin _ _
indicative of sepsis, while a figure of greater than 50 Blood 23(511%) | 38(66.7%)

. . Urine 11(24.4%) 7(12.3%)
mg/L for CRP was also considered suggestive of the S 5
1213 Two levels of controls were run and found Wound Swab o5 3%) S 0455
same. . Tracheal Aspirate 3(6.7%) 4(7.0%)
acceptable before analysis was conducted. Pus 2(4.5%) 3(5.2%)
We analyzed all data using Statistical Package for Culture Positive 25(55.6%) | 37(64.9%) | 0.337
the Social Sciences (IBM) version 26. We calculated Organism Cultured . .
mean and SD for quantitative variables. Qualitative Escherichia coli 13(52.0%) | 21(36.8%)
. . Streptococcus pyogenes 3(12.0%) 4(10.8%)
variables were recorded in terms of frequency and - p -
Enterococcus faecalis 2(8.0%) 4(10.8%)
percentage. The 2x2 table was constructed to calculate 157l preumoniae N 5(13.5%)
the sensitivity, specificity, positive predictive value, Acinetobacter baumannii 3(12.0%) 1(2.7%) 0.076
negative predictive value and diagnostic accuracy of  Staphylococcus epidermidis | 3(12.0%) -
both serum procalcitonin levels and CRP levels in Staphylococcus aureus - 2(5.4%)
predicting the presence of sepsis. ROC curves were  Pseudononas aeruginosa 1(1.0%) -
calculated for both tests. Procalcitonin Level (ng/mL)| 6.26+4.56 6.96+4.60 0.602
CRP Level (mg/L) 123.18469.88| 108.82+69.70 | 0.775
Table-II: Diagnostics Parameters (n=102)
OO0 o Tc Positive Predictive Negative Diagnostic
Tests Sensitivity Srsa ity Value Predictive Value Accuracy
Procalcitonin 82.2% 30.0% 60.7 % 52.2% 61.8%
C-Reactive Protein 74.2% 22.5% 59.7% 36.0% 53.9%
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DISCUSSION

Septic complications following major surgery are
not an uncommon occurrence as penetration into the
major body cavities during surgery results in the
seeding of bacteria, not only from the outside but also
from bacterial nidi within the body and administration
of appropriate broad-spectrum antibiotics during the
“golden hour” of sepsis can result in a significant
reduction in morbidity, mortality and length of
hospital stay.* Early identification of sepsis is
paramount, with most research being done on the
usage of biomarkers.’> Our study showed culture
positivity in 60.8% of tested samples, also reported by
another study with slightly lower rate of culture
positivity of 53.4%.11 While these numbers vary in
literature, with studies reporting culture positivity
rates of 31.4% and 52.6%,167 we believe these differen-
ces are attributable to the time of administration of
antibiotics in each study as administration of anti-
biotics prior to the drawing of cultures results in low
rates of culture positivity.’®8 The most common
organism cultured in our study was Escherichia coli
which was found in 54.8% of all positive cultures,
similar to other studies.’® Bacterial infective
aetiologies in surgical wounds tend to vary depending
on the type of surgery employed as well as the
geographical location of the patient and time as the
prevalence of an organism in causing surgical site
infection may change.?® Our study did not show a
significant difference in serum procalcitonin levels
between patients who had a positive culture versus
those who did not, (p=0.959), is in contrast another
author, who found that positive blood cultures were
associated with higher serum procalcitonin levels
when compared to culture negative individuals,
(p=0.01).2t One study concluded that patients who
have cultures positive other than blood have lower
serum procalcitonin levels, which may account for
why our study did not demonstrate a significant
difference.?? Our study showed that serum procal-
citonin levels had a sensitivity of 82.2%, a specificity of
30.0%, and a diagnostic accuracy of 61.8% in the
detection of the presence of sepsis. In addition, serum
C-reactive protein levels had a sensitivity of 74.2%, a
specificity of 22.5% and a diagnostic accuracy of 53.9%
in diagnosing the presence of sepsis, similar to a study
which noted that serum procalcitonin levels had
a sensitivity of 97% and a specificity of 78% in
differentiating  Systemic Inflammatory Response
Syndrome (SIRS) from sepsis/septic shock.?? Luzanni
et al. noted that serum procalcitonin levels had a

diagnostic accuracy of 75.6% in the diagnosis of sepsis,
while CRP had one of 58.0%2* but Ugarte et al. noted
that serum procalcitonin levels had a lower sensitivity
of 67.6%, a lower specificity of 61.3% and a lower
diagnostic accuracy of 66.0% when compared to serum
CRP levels in the diagnosis of sepsis, which had values
of 71.8%, 66.6% and 78.0%, respectively.?

LIMITATION OF STUDY

There was a fair degree of heterogeneity in the patients
with regards to surgery performed, as it is unclear whether
certain types of surgeries raise serum procalcitonin levels
more than others.

CONCLUSION

Serum procalcitonin levels are a useful biomarker in
establishing the presence of bacterial sepsis, however, it may
perform as a more accurate biomarker if used in conjunction
with other indicators for sepsis.

Conflict of Interest: None.
Authors’ Contribution

Following authors have made substantial contributions to
the manuscript as under:

SH & MH: Data acquisition, critical review, approval of the
final version to be published.

ZHS & OF: Data acquisition, data interpretation, critical
review, approval of the final version to be published.

SI & FL: Conception, data acquisition, data analysis, drafting
the manuscript, approval of the final version to be
published.

Authors agree to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and
resolved.

REFERENCES

Prest ], Sathananthan M, Jeganathan N. Current trends in sepsis-
related mortality in the United States. Crit Care Med 2021; 49(8):
1276-1284.

https://doi.org/10.1097 /CCM.0000000000005017

Yan MY, Gustad LT, Nytro O. Sepsis prediction, early detection,
and identification using clinical text for machine learning: a
systematic review. ] Am Med Inform Assoc 2022; 29(3): 559-575.
https://doi.org/10.1093 /jamia/ ocab236

Akdogan D, Guzel M, Tosun D, Akpinar O. Diagnostic and early
prognostic value of serum CRP and LDH levels in patients with
possible COVID-19 at the first admission. J Infect Dev Ctries 2021;
15(6): 766-772.

https:/ /doi.org/10.3855/jidc.14072

Yigit E, Demir Yigit Y. Diagnostic importance of serum C-reactive
protein and procalcitonin in sepsis after burn. Int ] Burns Trauma
2021; 11(5): 391-396.

Arias-Felipe A, Ramirez-Berrios J, Recio-Martinez R, Orellana-
Miguel MA, Fontiveros-Escalona D, Bergén-Sendin E, et al
Determining time to positivity of blood cultures in a neonatal unit.
J Pediatric Infect Dis Soc 2022; 11(11): 510-513.

https:/ /doi.org/10.1093 /jpids/ piac084

Pak Armed Forces Med ] 2024; 74(5):1297


https://doi.org/10.1097/CCM.0000000000005017
https://doi.org/10.1093/jamia/ocab236
https://doi.org/10.3855/jidc.14072
https://doi.org/10.1093/jpids/piac084

10.

11.

12.

13.

14.

15.

16.

17.

Procalcitonin versus C-Reactive Protein

Pink I, Raupach D, Fuge ], Vonberg RP, Hoeper MM, Welte T, et al.
C-reactive protein and procalcitonin for antimicrobial stewardship
in COVID-19. Infection 2021; 49(5): 935-943.

https:/ /doi.org/10.1007/s15010-021-01615-8

Cleland DA, Eranki AP. Procalcitonin. In: StatPearls. Treasure
Island (FL): StatPearls Publishing; 2022.

Vijayan AL, Vanimaya, Ravindran S, Saikant R, Lakshmi S, Kartik
R, G M. Procalcitonin: a promising diagnostic marker for sepsis
and antibiotic therapy. ] Intensive Care 2017; 5: 51.
https://doi.org/10.1186/s40560-017-0246-8

Samsudin I, Vasikaran SD. Clinical utility and measurement of
procalcitonin. Clin Biochem Rev 2017; 38(2): 59-68.

Carr JA. Procalcitonin-guided antibiotic therapy for septic patients
in the surgical intensive care unit. ] Intensive Care 2015; 3: 36.
https:/ /doi.org/10.1186 /s40560-015-0100-9

Nargis W, Ibrahim M, Ahamed BU. Procalcitonin versus C-reactive
protein: usefulness as biomarker of sepsis in ICU patient. Int J Crit
IlIn Inj Sci 2014; 4(3): 195-199.

https://doi.org/10.4103 /2229-5151.141356

Vijayan AL, Vanimaya, Ravindran S, Saikant R, Lakshmi S, Kartik
R, et al. Procalcitonin: a promising diagnostic marker for sepsis and
antibiotic therapy. ] Intensive Care 2017; 5: 51.

https:/ /doi.org/10.1186 /s40560-017-0246-8

Pradhan S, Ghimire A, Bhattarai B, Khanal B, Pokharel K, Lamsal
M, et al. The role of C-reactive protein as a diagnostic predictor of
sepsis in a multidisciplinary Intensive Care Unit of a tertiary care
center in Nepal. Indian J Crit Care Med 2016; 20(7): 417-420.
https://doi.org/10.4103/0972-5229.186226

Ray S, Sundaram V, Dutta S, Kumar P. Ensuring administration of
first dose of antibiotics within the golden hour of management in
neonates with sepsis. BMJ Open Qual 2021; 10(Suppl 1): e001365.
https:/ /doi.org/10.1136 /bmjog-2021-001365

Durkin TJ, Barua B, Savagatrup S. Rapid detection of sepsis: recent
advances in biomarker sensing platforms. ACS Omega 2021; 6(47):
31390-313905. https:/ /doi.org/10.1021/acsomega.1c04788

Wu YC, Wong LT, Wu CL, Chao WC. The association between
culture positivity and long-term mortality in critically ill surgical
patients. ] Intensive Care 2021; 9(1): 66.

https:/ /doi.org/10.1186 /s40560-021-00576-2

Ou WF, Wong LT, Wu CL, Chao WC. Culture positivity may
correlate with long-term mortality in critically ill patients. BMC
Infect Dis 2021; 21(1): 1188.

https:/ /doi.org/10.1186/512879-021-06898-8

18.

19.

20.

21.

22.

23.

24.

25.

Scheer CS, Fuchs C, Griindling M, Vollmer M, Bast ], Bohnert JA, et
al. Impact of antibiotic administration on blood culture positivity at
the beginning of sepsis: a prospective clinical cohort study. Clin
Microbiol Infect 2019; 25(3): 326-331.
https://doi.org/10.1016/1.cmi.2018.05.016

Karlsson S, Heikkinen M, Pettild V, Alila S, Viisdnen S, Pulkki K, et
al; Finnsepsis Study Group. Predictive value of procalcitonin
decrease in patients with severe sepsis: a prospective observational
study. Crit Care 2010; 14(6): R205.

https:/ /doi.org/10.1186/cc9327

Montalvo RN, Natoli RM, O'Hara NN, Schoonover C, Berger PZ,
Reahl GB, et al. Variations in the organisms causing deep surgical
site infections in fracture patients at a level I trauma center (2006-
2015). ] Orthop Trauma 2018; 32(12): e475-481.

https:/ /doi.org/10.1097 /BOT.0000000000001305

Webb AL, Kramer N, Stead TG, Mangal R, Lebowitz D, Dub L, et
al. Serum procalcitonin level is associated with positive blood
cultures, in-hospital mortality, and septic shock in emergency
department sepsis patients. Cureus 2020; 12(4): e7812.

https:/ /doi.org/10.7759/ cureus.7812

YuY, Li XX, Jiang LX, Du M, Liu ZG, Cen ZR, et al. Procalcitonin
levels in patients with positive blood culture, positive body fluid
culture, sepsis, and severe sepsis: a cross-sectional study. Infect Dis
2016; 48(1): 63-69.

https:/ /doi.org/10.3109/23744235.2015.1082618

Harbarth S, Holeckova K, Froidevaux C, Pittet D, Ricou B, Grau
GE, et al; Geneva Sepsis Network. Diagnostic value of
procalcitonin, interleukin-6, and interleukin-8 in critically ill
patients admitted with suspected sepsis. Am ] Respir Crit Care
Med 2001; 164(3): 396-402.

https:/ /doi.org/10.1164 /ajrccm.164.3.2009052

Luzzani A, Polati E, Dorizzi R, Rungatscher A, Pavan R, Merlini A.
Comparison of procalcitonin and C-reactive protein as markers of
sepsis. Crit Care Med 2003; 31(6): 1737-1741.
https://doi.org/10.1097/01.CCM.0000063440.19188 . ED

Ugarte H, Silva E, Mercan D, De Mendonca A, Vincent JL.

Procalcitonin used as a marker of infection in the intensive care
unit. Crit Care Med 1999; 27(3): 498-504.

https://doi.org/10.1097 /00003246-199903000-00024

Pak Armed Forces Med | 2024; 74(5):1298


https://doi.org/10.1007/s15010-021-01615-8
https://doi.org/10.1186/s40560-017-0246-8
https://doi.org/10.1186/s40560-015-0100-9
https://doi.org/10.4103/2229-5151.141356
https://doi.org/10.1186/s40560-017-0246-8
https://doi.org/10.4103/0972-5229.186226
https://doi.org/10.1136/bmjoq-2021-001365
https://doi.org/10.1021/acsomega.1c04788
https://doi.org/10.1186/s40560-021-00576-2
https://doi.org/10.1186/s12879-021-06898-8
https://doi.org/10.1016/j.cmi.2018.05.016
https://doi.org/10.1186/cc9327
https://doi.org/10.1097/BOT.0000000000001305
https://doi.org/10.7759/cureus.7812
https://doi.org/10.3109/23744235.2015.1082618
https://doi.org/10.1164/ajrccm.164.3.2009052
https://doi.org/10.1097/01.CCM.0000063440.19188.ED
https://doi.org/10.1097/00003246-199903000-00024

