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ABSTRACT 

 

Background and aim: Several markers of inflammation and sepsis such 
procalcitonin (PCT)and hs-C.reactive protein (hs-CRP) are being examined to study 
their accuracy for the diagnosis of bacterial infections in order to treat properly and 
effectively. 

This study aims to explain the diagnostic value of serum Procalcitonin test in 
comparison with hs-C.reactive protein as diagnostic tools for bacterial infections in 
blood . 

Method: Analytical cross-sectional hospital-based study include123participants 
from International Medical Center hospital (IMC) A large hospital in Jeddah, Saudi 
Arabia hospital from Jan ,1st 2018 to Dec 31st 2018.whom they entered the hospital 
with fever, high rate of breathing. hs-CRP and PCT in addition to blood culture had 
been requested. hs-CRP and PCT were measured immediately by automated Cobas 
machine, the results obtained was analyzed using SPSS version 23. 

Results: The results showed that (78.9%) of patients were above the age of 60, 
males are slightly higher than females. PCT and hs-CRP results have been 
compared with the Blood Culture’s results, sensitivity of PCT & hs-CRP was 100% 
while specificity was 98 % & 88% respectively. 

Receiver Operating Curve (ROC) for PCT; AUC= 0.984 with CI (0.954-1.015), 
P.value 0.00, while hs-CRP; AUC=0.646, with CI (0.547-745), P- value 0.006, 
which consider more significant on PCT than CRP 

Conclusion: Procalcitonin is the best marker for diagnosis of blood bacterial  

infection than hs-CRP. 
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 المستخلص 

 

 (PCT) يتم فحص العديد من علامات الالتهاب والإنتان مثل علامات البروكالسيتونين  الخلفية و الهدف:

البكتيرية من أجل علاجها بشكل صحيح  (CRP)  والبروتين المتفاعل لدراسة دقتها التشخيصية لالتهابات 

 .وفعال

التفاعلي كأدوات   هذه الدراسة تهدف لتوضيح القيمة التشخيصية للبروكالسيتونين بالمقارنة مع بروتين سي

 . تشخيصية محددة بين المرضى الذين تم تشخيصهم بالالتهاب البكتيري

  مشترك في المركز الطبي الدولي ، مستشفى كبير في جدة  123دراسة وصفية مقطعية أجريت على    الطريقة:

ستشفى بحمى ، ، اللذين تم ادخالهم للم  2018ديسمبر    31الى    2018يناير    1المملكة العربية السعودية من  

 . تنفس عالي بروتين سي التفاعلي عالي الحساسية و البروكالسيتونين بالأضافة لمزارع الدم

جهاز  باستخدام  البروكالسيتونين  و  التفاعلي  سي  بروتين  فحص  النتيجة   Cobas تم  تحليل  و  الاتوماتيكي 

 .23النسخة رقم    SPSS بأستخدام البرنامج الاحصائي

الن  النتائج: ( أظهرت  عاما  الستين  سن  فوق  المرضى  معظم  أن  الذين  78.9تائج  المرضى  إجمالي  من   (%

عاما  . نسبة الذكور والاناث متماثلة تقريبا مع غلبة طفيفة    60شاركوا في هذه الدراسة ، الوسط الحسابي للعمر

 .للذكور

تي نتائج الحساسية لهما معا  مع نتائج المزارع البكتيرية لتا  hs-CRP تمت مقارنة نتائج البروكالسيتونين و ال

 .%88% و للبروتين التحسسي عالي الحساسية 98% بينما الدقة للبروكالسيتونين  100

للبروتين عالي الحساسية بيحث يتضح  0.006للبروكالسيتونين و      0.00بقيمة   P value  و حيث تاتي قيمة

 . عالي الحساسية في التشخيص  CRP افضل من PCT  ان

  وكالسيتونين من افضل البروتينات المستخدمة كعلامات تشخيصية لالتهاب الدم بالبكتيريا البر الخلاصة:
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Chapter One 

1.1. Introduction: 

Inflammation is a basic way in which the body reacts to infection, irritation 

or other injury, the key feature being redness, warmth, swelling and pain 

(Stankov.,2012). 

Bacterial infection is a major cause of morbidity and mortality (Martin et al. 

2003 & Angus et al. 2001). Diagnosis of bacterial infections can be difficult 

because of the variety of its clinical presentations; for example, it may be 

problematic to differentiate viral from bacterial infections.(Tenover el 

at.,1997) 

According to the WHO`s report on infectious disease: overcoming 

antimicrobial resistance; Treating viral infections or non-infective causes of 

inflammation with antibiotics is not only ineffective, but also contributes to 

the development of resistance, increased cost of treatment and adds the risks 

of toxicity and allergic reactions, thus negatively affecting both patient, 

health care system and community(WHO.,2000). 

Sepsis is a systemic, toxic host response to infection leading to severe sepsis 

(acute organ dysfunction secondary to suspected infection) and septic 

shock.(Angus el at.,2013). 

Severe sepsis and septic shock are major healthcare problems, affecting 

millions of people around the world each year, killing one in four (and often 

more), and increasing in incidence (Angus et al.2001, Dellinger 2003, Martin 

et al. 2000 & Dombrovskiy et al.,2007) its mortality rate ranges from 21% to 

48%. The most significant feature in the prognosis of patients is bloodstream 

infection, so rapid and early diagnosis of bloodstream infection is important 

for proper treatment (Koch et al.,2014). 
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C-Reactive protein (CRP)is synthesized by the liver mainly in response to 

IL-6 and also in many types of inflammation. CRP level measurements were 

used to aid in the diagnosis of bacterial infections. (Ridker .,2003) 

C-reactive protein (CRP) is an ancient highly conserved molecule and a member 

of the pentraxin family of proteins. CRP is secreted by the liver in response to a 

variety of inflammatory cytokines. Levels of CRP increase very rapidly in response 

to trauma, inflammation, and infection and decrease just as rapidly with the 

resolution of the condition. Thus, the measurement of CRP is widely used to 

monitor various inflammatory states. CRP binds to damaged tissue, to nuclear 

antigens and to certain pathogenic organisms in a calcium-dependent manner. The 

function of CRP is felt to be related to its role in the innate immune system.  Similar 

to immunoglobulin (Ig) G, it activates complement, binds to Fc receptors and acts 

as an opsonin for various pathogens. Interaction of CRP with Fc receptors leads to 

the generation of pro-inflammatory cytokines that enhance the inflammatory 

response. Unlike IgG, which specifically recognizes distinct antigenic epitopes, 

CRP recognizes altered self and foreign molecules based on pattern recognition. 

Thus, CRP is thought to act as a surveillance molecule for altered self and certain 

pathogens. This recognition provides early defense and leads to a pro-inflammatory 

signal and activation of the humoral, adaptive immune system (Du clos TW.,2000). 

Procalcitonin (PCT) is produced by thyroid C cells and converted to calcitonin 

before being released into the bloodstream.  

Circulating levels of PCT which are produced by liver Monocytes, macrophages, 

and lung and intestinal lymphocytes are generally very low in healthy individuals, 

but can increase by 100 to 1000 fold in response to systemic bacterial infections 

(Whicher, Bienvenu&Monneret.,2001). 

Procalcitonin (PCT), a protein of 116 amino –acid with molecular weight of 13 
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KDa, was discovered 25 years ago as prohormone of calcitonin produced by C-

cell of the thyroid gland and intra-cellularly cleaved by proteolytic enzyme into 

the active hormone. Circulating levels of PCT in healthy subject are below  

Detection limit. PCT become important in the detection and differential 

diagnostics of inflammatory states. The production of PCT during inflammation 

is linked with bacterial endotoxin and with inflammatory cytokines (TNF, IL-6). 

PCT detectable in the plasma during inflammation is not produced in C-cells of 

the thyroid. The probable sites are neuroendocrine cells in the lungs or intestine 

(Marune P et al.,2000). 

PCT is used as a biomarker or initiating or terminating antibiotic therapy in various 

clinical settings, including the emergency department, intensive care unit (ICU), 

and primary care (Schuetz et al.,2010) 

The mechanism for PCT production after inflammation and its role are not       

known completely. It is believed that PCT is produced by the liver (Bouadma et 

al.,2010) and peripheral blood mononuclear cells (Briel et al.,2008), modulated 

by lipopolysaccharides and sepsis-related cytokines. 

Procalcitonin (PCT) and C-reactive protein (CRP) markers are being examined 

in this research to study their accuracy for the diagnosis of bacterial infections. 
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1.2 . RATIONALE: 

Blood cultures are considered to be the gold standard test for diagnosing blood born 

infections, despite the possible time delay (hours to days) until positive results can 

be confirmed. Therefore, great interest in biomarkers that could be used in either the 

emergency department or critical care to help effectively diagnosis of sepsis. Liu and 

co-workers [2016], research in biomarkers for diagnosis of sepsis 

 concluded that   Procalcitonin (PCT) and interleukin-6 (IL-6) had some degree of 

diagnostic accuracy.  

Procalcitonin (PCT) is one of the recent inflammatory markers that been used 

in laboratory medicine as aid for diagnosis sepsis ,this study aims to determine 

the better use of PCT and CRP  which is higher fast, and  more specific and 

sensitive. To our knowledge there were few studies has been conducted with 

regard of PCT correlation with sepsis in the Middle East countries such as 

Sudan and Saudi Arabia. 

1.3. OBJECTIVES: 

1.3.1. General objective: 

To Diagnose the value of serum Procalcitonin & high sensitive C- reactive protein 

for detecting bacterial blood Infection. 

1.3. 2. Specific objectives: 

 To compare Serum PCT and hs-CRP level in patients with bacterial infection 

and those without bacterial infection.(Study group) 

 To calculate the sensitivity and specificity of the Serum PCT and hs-CRP in 

relation to bacterial blood culture. 

 To evaluate the association of Serum PCT and hs-CRP with type of the 

Bacteria.  

 To determine the usefulness of serum PCT on speed of diagnosis of the 

Bacterial infection.  
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Chapter Two 

         2. LITERATURE REVIEW 

2.1. Sepsis 

Sepsis is a systemic immune response to infection by microbial organisms. Sepsis is 

defined as the presence (probable or documented) of infection together with systemic 

manifestations of infection. The most common primary source of infection resulting 

in sepsis is the lungs, accounting for about half of all cases, followed by the abdomen, 

and the urinary tract. No definitive source is found in one third of cases [Munford 

Robert S, et al 2014]. Sepsis encompasses a spectrum of illness that ranges from 

minor signs and symptoms through to organ dysfunction (severe sepsis) and shock. 

Increasing severity correlates with increasing mortality, which rises from 25-30% for 

severe sepsis up to 40-70% for septic shock.(Lever A, et al.,2007). 

Sepsis and its complications have a significant and increasing impact on health 

sector, and are one of the leading causes of mortality. The incidence of sepsis is 

increasing in all areas of the world. (Martin et al., 2012) 

Timely diagnosis and treatment are highly important in reducing the morbidity and 

mortality associated with sepsis. At-times the diagnostic uncertainty still remains 

high despite the available clinical information. Thus, a laboratory test with more 

specificity is essential. Serum biomarkers like procalcitonin may aid in the early 

diagnosis of sepsis and therapeutic intervention. (Shiferaw, et al.,2016) 

2.1.1 Risk factors for sepsis: 

Everyone is susceptible to sepsis, but the risk is higher in weakened immune 

systems, Infants and children, the elderly, people with chronic illnesses like 

diabetes, AIDS, cancer, kidney , liver disease also People suffering from a severe 

burn or physical trauma. 

Common symptoms of sepsis are fever, chills, rapid breathing and heart rate, 
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rash, confusion, and disorientation. The systemic inflammatory response 

(SIRS) to infection, manifested by at least two of ;Temperature of >38 °C or 

<36°C ,Heart rate of >90 beats per minute , Respiratory rate of >20 breaths 

per minute or partial pressure of CO2 of <32 mmHg or White blood cell count 

of >12,000 per ml or <4,000 per ml, or >10% immature (band) forms 

(Muckart & Bhagwanjee.,1997) 

2.2. Laboratory test helpful in diagnosis of sepsis: 

The following were the proposed laboratory tests for the diagnosis of sepsis. 

2.2.1. White blood cells (WBCs): to screen for or diagnose a variety of conditions 

that can affect an infection, inflammation or a disease that affects the production 

or survival of WBCs; to monitor treatment of a blood disorder or to monitor 

therapy that is known to affect WBCs. (Magrini.,2014) 

2.2.2. The blood differential test: is used to diagnose a variety of medical 

conditions. These may include infections, autoimmune diseases, anemia, 

inflammatory diseases, and leukemia and other types of cancer. It is a common test 

that is frequently used as part of a general physical exam. 

A blood differential test measures the amount of each type of white blood cell 

(WBC) that you have in your body. White blood cells (leukocytes) are part of your 

immune system, a network of cells, tissues, and organs that work together to 

protect you from infection. There are five different types of white blood cells: 

Neutrophils are the most common type of white blood cell .These cells travel 

to the site of an infection and release substances called enzymes to fight off 

invading viruses or bacteria.(Ballard & Harold S.,1997). 

Lymphocytes There are two main types of lymphocytes; B cells and T cells. B 

cells fight off invading viruses, bacteria, or toxins. T cells target and destroy 

the body's own cells that have been infected by viruses or cancer cells. (Spiering 

&Martin J., 2015). 
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Monocytes remove foreign material, remove dead cells, and boost the body's 

immune response.( Kovacs et al.,2002) 

Eosinophils fight infection, inflammation, and allergic reactions. They also 

defend the body against parasites and bacteria.(Acharya et al., 2014).  

Basophils release enzymes to help control allergic reactions and asthma 

attacks. However, your test results may have more than five numbers. For 

example, the lab may list the results as counts as well as percentages (Peters et 

al.,2004). 

2.2. 3. Blood Cultures (BCs): are considered the gold standard for detecting 

pathogens in patients with sepsis; however, given the time required, it cannot 

be applied to make early therapeutic decisions (Bone et al.1992). 

2.2.4. C-Reactive protein: Is a non-glycosylated circulating pentraxin 

composed of 5 identical subunits arranged with pentameric symmetry. 

Also it is an acute-phase reactant, and CRP level measurements are frequently 

used to aid in the diagnosis of bacterial infections. It is synthesized by the liver, 

mainly in response to IL-6, which is produced not only during infection but 

also in many types of inflammation (Ridker.,2003). It binds to polysaccharides 

in pathogens, activating the classical complement pathway. 

2.2.5. Procalcitonin: Procalcitonin (PCT) is a 116-amino acid protein with a 

molecular mass of  13 kDa  that  is  produced  by  thyroid  C  cells  and  

converted to calcitonin before being released into the bloodstream. 

Circulating levels of PCT—which are produced by liver Monocytes, 

macrophages, and lung and intestinal lymphocytes—are generally very low  in  

healthy  individuals, but can increase by 100 to 1000-fold in response to 

systemic bacterial infections (Whicher, Bienvenu&Monneret.,2001). 

PCT is used as a biomarker for initiating or terminating antibiotic therapy in 

various clinical settings, including the emergency department, intensive care 
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unit (ICU), and primary care (Schuetz 

As mentioned above among several markers of inflammation and sepsis, 

procalcitonin (PCT) and C-reactive protein (CRP) markers are being examined 

to study their accuracy for the diagnosis of bacterial infections. 

PCT is the prehormone of calcitonin, which is normally secreted by the C cells 

of the thyroid in response to hypercalcemia; under these normal conditions, 

negligible serum PCT concentrations are detected (Schuetz et al.,2009). 

The mechanism for PCT production after inflammation and its role are not 

known completely. It is believed that PCT is produced by the liver (Bouadmaet 

al.,2010) and peripheral blood mononuclear cells, modulated by 

lipopolysaccharides and sepsis-related cytokines. (Brielet al., 2008). 

 

2.3 Previous studies: 

The literature regarding studies if efficiency and comparison between CRP and 

PCT are numerous, this review includes recent, relevant and variant studies, 

covering many methodologies, study participants with different risk factors and 

demographics. 

A prospective cross-sectional study, among neonates in Neonate Intensive Care 

Unit (NICU) at King Abdul-Aziz Medical City, Riyadh (Saudi Arabia). 

Number of participants included healthy control neonates (n=80), clinical 

sepsis group (n=80) with clinical signs of sepsis but their blood culture was 

negative and sepsis group with clinical signs of sepsis and their blood culture 

was positive. CRP sensitivity was of 78 % and specificity of 70 %. On the other 

hand, CRP specificity was (70%). Results showed that similar finding was 

found using CRP and PCT combination (Fattah MA.,2017). 

A cross sectional study conducted in Sudan in the efficacy of procalcitonin in 

early diagnosis of neonatal sepsis. The results showed that CRP have 93.5% 
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sensitivity and50% specificity ,on the other hand PCT showed better sensitivity 

and specificity 96.8%,85.7 respectfully (El-Amin et al.,2017). 

A meta-analysis was performed to evaluate the accuracy of determination of 

procalcitonin (PCT) and C-reactive protein (CRP) levels for the diagnosis of 

bacterial infection.  PCT level was more sensitive (88% vs. 75%) and more 

specific (81% vs. 67%). The sensitivity for differentiating bacterial from viral 

infections was also higher for PCT markers (92%vs.86%); the specificities 

were comparable (73% vs. 70%) (Simon et al.,2004). 

A systematic review of 17 articles stated that the concentrations of both PCT 

and CRP were higher in the serious bacterial infections (SBI) group than in the 

non- bacterial infection group. Sensitivity for differentiating bacterial 

infections from nonbacterial infections was higher for PCT compared with 

CRP (Hu et al.,2017). Also a comprehensive systemic search including 18 

studies, comprising 3470 patients aimed to assess the accuracy of presepsin for 

the diagnosis of sepsis in adult patients and compared the performance between 

presepsin, C-reactive protein (CRP), and procalcitonin (PCT). Found no 

significant difference between presepsin and PCT .However, for studies 

conducted in ICU, the  pooled  sensitivity of presepsin was found to be higher 

than PCT while the pooled specificity of presepsin was lower than PCT((Wu 

et al.,2017). 

      Serum samples were collected from febrile patients and processed for 

blood cultures. PCT and CRP. The patients were divided into three groups 

according to the final diagnosis: bacteraemia group (group1), bacterial 

infection with negative blood culture (group 2) and non-bacterial infection 

group (group 3).There were significant (P<0.05) difference in the levels of 

PCT and CRP among the three groups. The PCT levels of patients with 

Gram-positive bacterial infections were lower than Gram-negative bacterial 
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infections (0.53 vs. 2.13, P < 0.01). The best cut-off value to detect bacterial 

infections was 0.26 ng/ml for PCT (Qu et al.,2015). 

A retrospective study with 59 patients was divided into sepsis and septic 

shock groups, as well as survivor and non-survivor groups, according to the 

severity of   the disease and patient survival. On the 2nd, 3rd, and 5th days, 

the CRP level was higher in the non-survivor group than in the survivor 

group, and the serum CRP level was higher in patients in the septic shock 

group than in patients in the sepsis group. PCT levels were significantly 

different between non-survivor and survivor groups, whereas they did not 

differ between patients in the sepsis and septic shock groups. Serum PCT 

kinetics (ΔPCT) was similar between groups (Cui et al.,2019). 

Many studies in children were also carried out, for instance a study where 

plasma was obtained from pediatric oncology patients presenting with febrile 

neutropenia; median PCT levels were significantly increased in patients with 

a bacterial infection, in contrast to CRP. After 24–48 hr, only PCT was 

significantly elevated during bacterial infection (Miedema et al. 2011). 

Another one with children undergoing intensive chemotherapy, found a 

highly significant difference in PCT levels between bacterial and 

nonbacterial episodes. Sensitivity and specificity of PCT were 94 and 96.5%, 

respectively (Hatzistilianou et al.,2010). 

A prospective study with 49 patients, who had 60 febrile episodes and were 

hospitalized. All patients had been diagnosed with neutropenic fever after 

intensive chemotherapy. The PCT and CRP levels were significantly higher 

in neutropenic- fever patients (group I and group II separately) than in control 

patients (P<0.001) throughout the study period, the median of PCT 

concentrations shows a tendency  to fall after the 8th hour of onset of fever, 

whereas in patients with documented infections PCT concentrations fell after 
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the 48th hour. the PCT was more helpful when measured periodically in 

diagnosing inflammation in pediatric neutropenic- fever patients than 

CRP(Secmeer et al.,2007).Also it observed that serum levels of PCT and 

CRP were higher in the sepsis group than non-sepsis group (p<0.001).  The 

sensitivities of both PCT and CRP at the recommended cut-off level for all 

infants were 68.2% and 38.6% respectively, the sensitivities of both 

biomarkers for the diagnosis of neonatal sepsis were increased to 95.5%. The 

birth weight and gestational age had no effects on the diagnostic value of 

these serum biomarkers (Yang et al.,2016). Paper observed that at baseline 

and during the febrile episodes, the highest levels of all parameters were 

observed in cases of gram‐negative bacteraemia. However, in fever of 

unknown origin (FUO) and localized infections, low or only slightly elevated 

median levels of all parameters were documented. In comparison with the 

other inflammatory parameters, PCT (optimum cut‐offlevel0·5 μg/l) was a 

more sensitive and more specific parameter in the diagnosis of high‐risk 

(gram‐negative bacteraemia) and low‐risk (FUO) episodes (Fleischhack et 

al.,2000). 

Some studies among pregnant ladies were also carried out. A research with 

50 normal pregnant women and 59 pregnant women with preeclampsia (PE), 

Mean of CRP and PCT was higher in pregnant women with PE than normal 

pregnant women. The optimal cut-off point for CRP was 5.24 with a 

sensitivity of 62.7% and a specificity of 56%. The optimal cut-off point for 

PCT was 0.042 with a sensitivity of 71% and a specificity of 54% 

(Jannesari& Kazemi.,2017). 

A retrospective analysis to evaluate the diagnostic value of procalcitonin 

(PCT) and C-reactive protein (CRP) for the prediction of subclinical 

intrauterine infection in patients with premature rupture of membranes 
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(PROM). The study included 276 cases. The area under the ROC curve of 

CRP is 0.632, and it is significantly better than PCT. The sensitivity, 

specificity, positive predictive value, and negative predictive value of CRP 

are 0.686, 0.958, 0.501, and 0.765, which are all better than those of PCT. 

The group analysis according to different gestational weeks demonstrated 

that for the group of 28–33+6 weeks pregnant women, the area under the 

ROC curve of CRP and PCT is 0.869, and 0.787. The both test have 

satisfactory accuracy. But the sensitivity and specificity of PCT is 0.830, and 

0.950, respectively. That is significantly better than CRP (Li et al.,2016). 

A retrospective study of 293 patients who presented to the ED in which a 

urinalysis test and a PCT level was obtained within the first 24 h of 

presentation .A PCT threshold of 0.25 ng/ml corresponded to the best 

combination of sensitivity (67%) and specificity (63%), with a positive 

predictive value and negative predictive value of 26% and 91%, respectively 

(Levine et al.,2018). 

A study with161 participant aged 75 years or older in which 95 with probable 

bacterial infection and 66 without infection. Observed that Patients with probable 

bacterial infection criteria, 72% of them had PCT >0.5 ng/mL. Patients without 

infection, 8% of the patients had PCT >0.5 ng/mL. Sensitivity and specificity of 

PCT to bacterial infection with the cutoff value of 0.5 ng/mL was 72% and 92%, 

respectively (Gómez-Cerquera et al.,2015). Another study with 382 subjects 

(mean age, 78.9 years) were consecutively enrolled and stratified  in two groups at 

the  time of the admission based on the absence or presence of chronic kidney 

disease CKD, these two groups were further divided according to the presence or 

absence of sepsis and the serum PCT was analyised. It was detected that PCT was 

highly sensitive and specific in patients presenting with sepsis and no CKD.  (Lo 

et al.,2016). 
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A study with a total of 308 elderly female patients with systemic 

inflammatory response syndrome (SIRS) was enrolled for this prospective 

study. The levels of all the inflammatory variables were significantly higher 

in the sepsis group than in non-sepsis group (all P＜0.05). Additionally, PCT 

and CRP were independent factors for diagnosis of blood stream infection. 

AUC of the combination of two biomarkers of PCT and CRP was 0.694 for 

diagnosis of sepsis which was higher than the either biomarkers alone with 

AUC of 0.628 for PCT and 0.627 for CRP .The combination group of PCT 

and CRP showed better values of sensitivity, specificity, positive predictive, 

and negative predictive (86.2％,59.1％,65.1 

％, 81.3％)  (Sun, Liang & Shao.,2017). 

Surgical patients observed the same conclusion, a research of 200 patients 

undergoing four routine elective spinal procedures were included for analysis 

it observed that procalcitonin was the most sensitive and specific marker for 

the detection of surgical site infection in the immediate post-operative period 

with sensitivity and specificity of 100% and 95.2% respectively. Although 

Procalcitonin is an inflammatory marker, extent of surgical physiological 

insult did not alter its biokinetics as opposed to the other inflammatory 

markers making it a valuable marker of infection (Aljabi et al.,2019). 

A prospective study where 44 patients presenting with febrile neutropenia 

after autologous stem cell transplantation were recruited. Mean levels of PCT 

and CRP were significantly increased in infections of critically ill patients 

who by dysfunction or failure of one or more organs/system depend on 

survival from advanced instruments of monitoring and therapy. The 

combination of the biomarkers PCT and Interleukin (IL-8) achieved a high 

sensitivity of 90% and specificity of 74% for the identification of serious 
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complications in febrile neutropenia, whereas the combination of CRP and 

PCT or IL-8 achieved a high sensitivity of 100%, but with the addition of a 

low specificity of 47or 41% (Michel et al.,2017). 

A research with 60 burned people with and without infection assessed the 

value of the information for diagnosis of sepsis. A significantly higher PCT 

level was observed in the septic group compared to those without sepsis (8.45 

± 7.8 vs. 0.5 ± 1.0, respectively, p < 0.001); no significant differences were 

found in CRP levels. (Barati et al.,2008). 

A study aimed to evaluate the diagnostic efficacy of serum procalcitonin 

(PCT), c- reactive protein (CRP) concentration and clinical pulmonary 

infection ventilator- associated pneumonia Of the included 49 patients, PCT 

serum concentration was significantly different (P<0.05) , the serum CRP 

was not statistically different between the two groups (P>0.05). A significant 

correlation was found between serum PCT and CRP concentrations (r=0.55, 

P<0.01)(Chen et al.,2018). 

In summary of the literature, Serum PCT and CRP have good clinical 

diagnostic and prognostic value for patients with sepsis and septic shock.  

 

 

 

 

 

 

Chapter Three 

3. Materials and Methods 
 
 

3.1. Materials: 
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3.1. 1. Study design: 

A descriptive cross-sectional hospital based study. 

3.1.2. Study area: 

The study was carried out in International Medical Center hospital 

(IMC) A large hospital in Jeddah, Saudi Arabia. 

3.1.3. Study period: 

This study has been carried out between January 2018 and December 2018 

3.1.4. Study population: 

All patients come to (IMC) hospital with high fever > 38 C, chill, fatigue, body pain 

during the period from 1/1/2018 to 31/12/2018. 

3.1.5.  Inclusion criteria: 

All multination patients pass by International Medical Center Hospital(IMC), 

Jeddah with high fever > 38C, physicians request to them complete blood count, 

C-reactive protein (CRP) and procalcitonin (PCT) along with blood culture & 

sensitivity. 

3.1.6. Exclusion criteria: 

1- Any known patients under antibiotic therapy before taking the blood 

samples for hs-CRP & PCT. 

2- Cancer patients.  

3.1.7. Ethical consideration: 

Research purpose and objectives was explained to (IMC) hospital 

administration board. 

Ethical approval was sought from (IMC) Hospital Administration Board, and 

Sudan University of Sciences and Technology. 

(IMC) Hospital Administration Board had the right to voluntary informed consent. 

The patients had the right to no harm (Privacy and confidentiality by using 

coded data). 
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3.2. Methodology: 

3.2.1. Data collection: 

The data collection started immediately after the approval was obtained, (IMC) 

Hospital provided access to the Hospital Information System (HIS) in which 

the questionnaire was filled using it, then serum samples prepared from each 

participant blood. 

3.2.2. Measurement of PCT and CRP: 

Cobase 601module which is highly innovative and patented 

Electrochemiluminescence (ECL) technology had been used to measured PCT 

and CRP. 

PCT principle is depending on the Sandwich technique with a Total duration 

of the assay about 18 minutes.  

▪ 1st incubation: Antigen in the sample (30 µL), a biotinylated monoclonal 

PCT-specific antibody, and a monoclonal PCT-specific antibody labeled with 

a ruthenium complexa) react to form a sandwich complex. 

 ▪ 2nd incubation: After addition of streptavidin-coated microparticles, the 

complex becomes bound to the solid phase via interaction of biotin and 

streptavidin.  

▪ The reaction mixture is aspirated into the measuring cell where the 

microparticles are magnetically captured onto the surface of the electrode. 

Unbound substances are then removed with ProCell/ProCell M. Application of 

a voltage to the electrode then induces chemiluminescent emission which is 

measured by a photomultiplier. 

 ▪ Results are determined via a calibration curve which is instrument 

specifically generated by 2-point calibration and a master curve provided via 

the reagent barcode. 

Hs-CRP Principle start with erythrocytes of the capillary or venous blood 
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sample are separated from the plasm by centrifugation. Then ,the plasma 

samples is diluted with HEPES buffer and transferred into a reaction chamber 

where it is mixed with CRP antibody on the latex particle. The concentration 

of CRP is calculated as a function of the changed absorbance measured at 

525nm and 625 nm which is in relation to the amount of agglutination.  

3.2.3. Quality Control Method: 

Control sera were used with all samples to ensure the validity of the results long with 

the calibration curve. 

3.2.3. Statistical analysis 

Data obtained were analysis using SPSS version 25.0, the frequency 

distributions for independent variable and dependent variable was generated 

Student t-test  

The sensitivity (true positive/ true positive + false negative), specificity (true 

negative/ true negative + false positives) were calculated for both PCT and 

CRP.  
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Chapter Four 

4. Result 

The study included 123 patients; come to the  hospital with fever and other 

symptom .The physicians request to them complete blood count ,C-reactive 

protein  (CRP) and  procalcitonin (PCT) along with blood culture. 

The results obtained were illustrated in tables and figures as follows 

Table (4.1) Demographic and clinical data of the study group. 

 

Table (4.2) Comparison between median of serum hs- CRP, PCT among study group 
according to Blood culture result. 

 

Table (4.3) hs-CRP and PCT Sensitivity and Specificity with cut off 5mg/l for hs-
CRP and 2ng/ml  
 
 

Figure (4.1) ROC curves for hs-CRP and PCT.  For hs-CRP; AUC=0.646, with 

CI(0.547-745), P- value 0.006, for PCT; AUC=  0.984 with CI( 0.954-1.015), 

P.value 0.00. 
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Table (3.1): Demographic and clinical data of the study group. 

Variable  Frequency  Percentage  
Age / years     less than 30 
                        30-59 
                       ≥ 60   

6 
20 
97 

4.9 
16.3 
78.9 

Sex     Male 
           Female 

69 
54 

65.1 
43.9 

Sepsis    Yes 
               No   

73 
50 

59.3 
40.7 

hs-CRP mg/L       0-5 
                              >5   

6 
117 

4.9 
95.1 

PCT  ng/mL         0.5- 2 
                             >2 

49 
74 

39.8 
60.2 

Bacterial sp          gram +ve 
                             gram -ve 
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Table (3.2): Comparison between median of serum hs- CRP, PCT among study group 
according to Blood culture result. 
Variable Infection absent (n=50) 

Median (IQR-3QR) 
Infection present (n=73) 

Median (IQR-3QR) 
P.Value 

hs-CRP  
mg/L              

90.4 (23.2- 145.2) 127.1 (63.1-228.2) 0.003 

 PCT 
ng/mL 

0.33 (0.12- 0.84 ) 8.7  (3.6-24.6) 0.000 

-Mann–Whitney U test was used to compared between the median of test 
-P. value considered significant at level≥0.05. 
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Table (3.3): hs-CRP and PCT Sensitivity and Specificity with cut off 5mg/l for hs-
CRP and 2ng/ml  
 infection   
Variable  present absent Sensitivity  Specificity 
hs-CRP mg/L   ≤5 
                        < 5 

0 
73 

6 
44 

100% 88% 

PCT ng/mL    <2.0 
                       ≥2.0 

0 
73 

49 
1 

100% 98% 
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Fig (3.1): ROC curves for hs-CRP and PCT.  For hs-CRP; AUC=0.646, with CI(0.547-745), P- 

value 0.006, for PCT; AUC=  0.984 with CI( 0.954-1.015), P.value 0.00. 
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Area Under the Curve 

Test Result 

Variable(s) Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence 

Interval 

Lower Bound Upper Bound 

PCT .984 .016 .000 .954 1.015 

hs-CRP .646 .051 .006 .547 .745 

a. Under the nonparametric assumption   

b. Null hypothesis: true area = 0.5 
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Chapter Five 

 

5.1. DISCUSSION: 

In this study both PCT and CRP values were higher in the positive than in the 

negative blood culture group. Previous studies have compared biomarkers in patient 

groups categorized according to PCT level (Harbarth S  2000 and  Muller B., 2001) 

The present study  demonstrated that the PCT  levels of  patients in the infected-

group were significantly higher than those of non-infected group, while CRP levels  

were insignificantly higher on the non-infected group, this agree with (Kruif MD et 

al., 2010 and  Simon L etal .,2004) in the part concerning PCT and disagree in the 

part concerning CRP because they were  demonstrated that the PCT and CRP levels 

of  generalized pustular psoriasis (GPP) patients in the infected-group were 

significantly higher than those of non-infected group., 

It has been a controversial issue whether PCT or CRP was significantly correlated 

with age in the infected or non-infected population, the present study implied that 

PCT/CRP was not correlated with age which disagree with  (Siyu Wang et al 2019) 

study which showed  moderately  positively correlated with age in the infected group, 

but not in the non-infected group . 

In the present results sensitivity of procalcitonin was 92% and specificity was 82.5% 

while sensitivity of C-reactive protein was 99.0% and specificity was 13.5%. Other 

study showed relative results of PCT level was sensitive (88%)vs.(75%)( Simon et 

al.,2004). 

A cross sectional study conducted in Sudan in the efficacy of procalcitonin in 

early diagnosis of neonatal sepsis. The results showed that CRP have 93.5% 

sensitivity and 50% specificity , on  the  other  hand PCT  show better 

sensitivity and specificity 96.8%,85.7 respectively (El-Amin et al.,2017). 

A systematic review of 17 articles stated that the concentrations of both PCT 
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and CRP were higher in the serious bacterial infections (SBI) group than in the 

non- bacterial infection group. Sensitivity for differentiating bacterial 

infections from nonbacterial infections was higher for PCT compared with 

CRP(Hu et al.,2017).  

Another study with 382 subjects (mean age, 78.9 years) were consecutively enrolled 

and stratified  in two groups at the  time of the admission based on the absence or 

presence of chronic kidney disease CKD, these two groups were further divided 

according to the presence or absence of sepsis and the serum PCT was analyzed. It 

was detected that PCT was highly sensitive and specific in patients presenting  with  

sepsis  and  no  CKD.  (Lo et al.,2016). 

A study included 276 cases and assessed procalcitonin (PCT) and C-reactive 

protein (CRP) for the prediction of subclinical intrauterine infection in patients 

with premature rupture of membranes (PROM). the sensitivity of PCT was  

significantly better than CRP (Li et al.,2016). Other study discovered unique 

results that the combination of two biomarkers of PCT and CRP was 0.694 for 

diagnosis of sepsis which was higher than the either biomarkers  alone with 

AUC of 0.628 for PCT and 0.627 for CRP (Min et al.,2018). Another study 

revealed the area under the receiver operating characteristics curve in the 

diagnosis of sepsis was 0.97 for PCT (p < 0.001) with sensitivity of 100% and 

specificity of 89.3%. Non-survivors had a mean PCT level significantly higher   

than that of survivors (Barati et al., 2008).CRP sensitivity was of 78 % and 

specificity of 70 %. On the other hand, CRP specificity was (70%). Results 

showed that similar finding was found using CRP and PCT combination (Fattah 

MA.,2017).The results showed that CRP have 93.5% sensitivity and 50% 

specificity,  

The results of this study go with the  international studies that PCT have much 

higher Specificity level than CRP and CRP have more Sensitivity. 
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The diagnostic specificity of PCT in detecting bacterial infection is superior to 

CRP in GPP patients. It may be attributed to the fact, proven by previous 

studies, that PCT did not appear to be pivotally influenced by viral infections 

,autoimmune or allergic disorders, immunosuppressives, or steroids, None the 

less, CRP is a biomarker of inflammation rather than a biomarker of infection. 

Its level rises in most pathological cases associated with inflammation, such as 

bacterial/viral infections, trauma, systemic disease flare and post-surgical 

period. 
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5.2 CONCLUSION: 

- Procalcitonin has high level of sensitivity 92% and specificity82.5%. 

- The C reactive protein test has very low level of specificity13.5 %. 

- There is no relation between levels of PCT and different diagnosis. 

- There is relation between levels of PCT and the causative organism if the 

organism is either Gram negative bacilli or Gram positive coci, this demand 

could be studied intensively on another study with a higher number of 

participants. 

- Significant organism more likely to give abnormal level of PCT. 

-  

     5.3 RECOMMENDATION: 

- PCT test should be the test of choice for early detection of infection inpatients. 

- Negative C reactive protein is conclusive for elimination of disease. 

- Ministry of health should conduct lectures for medical staff to update 

them with these results. 

- Further studies should be carried out on larger number of patients for 

detection of specific organisms groups. 
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1-Inform consent  

2- Questionnaire 

3-Method insert sheet   
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Sudan University of Science and Technology 

College Of Graduate Studies 

“Diagnostic Value of Procalcitonin in Comparison with C- reactive protein 
for detecting bacterial blood Infection” 

(Study has been done on Saudi Arabia) 

 

Questionnaire No (       ) 

Participant name &MRN.........................................        

Age ……………. years 

Gender: 

Male   (               )                         Female (                 ) 

What is the type of organism/s have been discovered from the blood Culture?  

……………………………………………………………… 

Is the growth consider Significant?     yes (        )         No (       ) 

Is the diagnosis of the case correlate with culture  ?    

 yes (        )        No (        ) 

 

 

Laboratory Investigations:  

PCT ……………… ng/ml 

CRP…………………mg/l 

 

 

Participant signature 
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