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Abstract 
___________________________________________________________________________________________________________________ 

Background: Sepsis is a life-threatening condition that arises when the body's response to infection 
causes injury to its own tissues and organs. 

Materials and methods: This was cross sectional study conducted at Baraah pediatric center, 
Khartoum, Sudan during the period from May 2022 to August 2022, to measure protein C level in 
Sudanese children and infants with Sepsis. 50 patients were selected as a case group (46% were 
female and 54% were male.), and apparently healthy donors were selected as control group. 2.8 ml 
of venous blood samples were collected in Tri Sodium Citrate Anticoagulant. CRP and the blood 
culture were done for all the patients. The protein C level was performed using Ichroma device. 

Results: Protein C results revealed the mean of protein C in case was (63.7±8.9 ), and in the control 
group  was(79.8±11.1 ),  when compared protein C mean  between case and control groups there 
was a  highly significant decreased with ( p value 0.00) Also in the case group there was an 
insignificant differences between protein C,  age, gender, and culture,  p value >0.05),  . In addition 
the result showed insignificant correlation between protein C and CRP(p value ≥0.05). The most 
common types of isolated bacteria in sepsis patients was Klebsiella 

Conclusion: The study concludes that there is a significant decrease in protein C level in patients 
with sepsis. 
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INTRODUCTION 

For the Ancient Greeks, sepsis referred to rot, decay, or 
putrefaction. Galen and Celsus described the signs of 
inflammation as peripheral vasodilatation, fever, pain, 
increased capillary permeability, and organ dysfunction. The 
modern concept of sepsis has focused on the human response 
to invading organisms1 that arises when the body's response 
to infection causes injury to its own tissues and organs, this 
initial stage is followed by suppression of the immune 
system.2,3 

Neonatal sepsis is a systemic infection (blood infection) 
occurring in infants within first 28 days of life and is a major 
cause of morbidity and mortality in newborns.4,5 According to 
the international pediatric consensus conference of 2001, 
neonatal sepsis was defined as systemic inflammatory  
response syndrome in the presence of or as a result of 
suspected or proven infection with or without accompanying 
bacteremia, documented by a positive blood culture in the first 
28 days of life .6 

Protein C (PC) is the vitamin K-dependent zymogen of a serine 
protease with antithrombotic, anti-inflammatory, and pro 
fibrinolytic properties.7 the protein C pathway plays a critical 
role in immunocompetent patients with sepsis because of its 
antithrombotic and anti-inflflammatory properties. The 

conversion of protein C to activated protein C (APC) is 
mediated through thrombin. Thrombin binds to 
thrombomodulin, a receptor on the endothelial cell, and the 
thrombomodulin-thrombin complex coverts protein C to APC. 
APC generation also requires a second endothelial cell 
receptor, endothelial protein C receptor (EPCR), which 
presents protein C to the thrombomodulin-thrombin 
complex.1 In sepsis, APC contributes to restoring homeostasis 
by counteracting the pro coaguable and pro inflammatory 
down-regulating inflammatory cytokines, respectively. This 
may explain why lower baseline levels of protein C in patients 
with sepsis are associated with a worse outcome7 

In sepsis, activation of the extrinsic pathway combined with 
depression of the inhibitory mechanisms of coagulation and 
fibrinolytic system result in a procoagulant state that may lead 
to microvascular thrombosis and multi-organ dysfunction 
syndrome. protein C (PC) play a major role in the regulation of 
coagulation, shifting thrombin from procoagulant to 
anticoagulant. and PC plasma levels decrease in sepsis and, 
when low, predict high mortality in adults. At birth, PC and is 
present at approximately 20– 60% of adult levels. It might 
cause Newborns to be potentially susceptible to sepsis-
induced disseminated intravascular coagulation. Little is 
known about the prognostic value of plasma PC levels 
determined in neonates with suspected sepsis. This study was 
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design to measure protein C level in Sudanese infants and 
children with sepsis.  

MATERIAL AND METHODS  

This was cross sectional, hospital base study, conducted at the 
laboratory of ALbraa paediatric centre at Khartoum state 
during the period of May 2022 to august 2022. 

All patients attending ALbraa paediatric centre and diagnosed 
with sepsis during the aforementioned period were included. 
In addition to that, apparently healthy children with no history 
of thrombi or bleeding were selected as control group. 
Participants refuse to give consent, and those with previous 
history of bleeding, thrombi, under anticoagulant drugs were 
excluded from the study. 

From each participant 2.8 ml of blood samples were collected 
in trisodium citrate anticoagulant container for protein C level 
measurement.  

Ichroma™ protein C is fluorescence Immunoassay (FIA) for the 
quantitative determination of protein C in human whole blood 
/ plasma. The test was used a sandwich immune detection 
method; the detector antibody in buffer binds to antigen in 
sample, forming antigen antibody complexes and migrates 
onto nitrocellulose matrix to be captured by the other 
immobilized-antibody on test strip. The more antigen in 
sample forms the more antigen-antibody complex and leads to 
stronger intensity of fluorescence signal on detector antibody, 
which is processed by instrument for ichroma™   tests to show 
protein C level in sample.  The data was collected using pre-
designed structural questionnaire; the demographic and 
clinical data concerning each participant was obtained from 
the registry data base office.  

Participants was informed verbally in their simple language 
about the research, its benefits and method of sample 
collection, we were Provide privacy and confidentially for 
every participant, then their approval taken, and ethical 
approval was taken from ethical scientific committee and 
medical laboratory science of National University - Sudan.  

RESULTS  

 Socio- demographic data 

In the present study 100 samples were collected from the 
children, 50 of them were   affected by sepsis  and selected as 
case group, and  50 of them apparently healthy children were 
selected as control group. The case and control group had a 
same frequency in the age and gender; about 38% their ages 
were less than one month, 28% more than one year, 46% were 
female and 54% were male. CRP and the blood culture were 
done for all the patients. Regarding the isolated bacteria; 20% 
was Klebsiella, 18% was Pseudomonas, and only 8% was 
Staphylococcus aureus. On the follow up for 15 days  about 
40% of the patients were died. (Tables 1, 2, 3) ( figures 1,2,3) .   

Table 1: Distribution of age in study population 

 Age  Frequency Percent 

Case  

< 1 month 19 38.0 

1 month - 1 year 17 34.0 

> 1 year 14 28.0 

Total 50 100.0 

Control  

< 1 month 19 38.0 

1 month - 1 year 17 34.0 

> 1 year 14 28.0 

Total 50 100.0 

 

 

Table 2: Distribution of gender in study population 

 Gender Frequency Percent 

Case  

Male 27 54.0 

Female 23 46.0 

Total 50 100.0 

Case (survivor)    30  60.0 

Case (non 
survivor)   

 20 40.0 

Control  

Male 27 54.0 

Female 23 46.0 

Total 50 100.0 

 

 Table 3: Distribution of blood culture results  

Blood culture Frequency Percent 

E. coli 8 16.0 

Staphylococcus aureus 4 8.0 

Pseudomonas 9 18.0 

Klebsiella 10 20.0 

Proteus spp 1 2.0 

Acinetobacteria 2 4.0 

Candida 7 14.0 

No growth 9 18.0 

Total 50 100.0 

 

 

Figure 1: Distribution of age in the study population  

 

Figure 2: Distribution of gender in the study population  
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Figure 3: Distribution of blood culture results 

 

Protein C and S results  

Protein C results revealed; the mean of protein C in case was 
(63.7±8.9 ), and in the control group  was(79.8±11.1 ),  when 
compared protein C mean  between case and control groups 
there was a  highly significant decreased with ( p value 0.00) , 

Also in the case group there was an insignificant differences 
between protein C,  age, gender, and culture,  p value >0.05),  
In addition the result showed insignificant correlation 
between protein C and CRP(p value ≥0.05) .  (Table 4, 5, 6, 7, 
8,9 ) (Figure4). 

  

 

Table 4:  Descriptive Statistics of study parameter  

 N Minimum Maximum Mean Std. Deviation 

Case  

Protein C 50 39 120 63.7 14.1 

Control  

Protein C 50 65 111 79.8 11.1 

 

 Table 5: Comparison of Protein C between case and control  

 Study population N Mean ± SD P. value 

Protein C 
Case 50 63.6 ± 14.1 

0.000* 
Control 50 79.8 ± 11.1 

 

Table 6: Comparison of Protein C according to age 

 Age  P. value  

 < 1 month (n=19) 1 month - 1 year (n=17) > 1 year (n=14) 

Protein C 63.4 ± 14.1 64.3 ± 16.9 63.2 ± 10.9 0.972 

 

Table 7: Comparison of Protein C according to gender  

Parameter Gender N Mean ± SD P. value  

Protein C 
Male 27 64.0 ± 13.3  

0.845 Female 23 63.2 ± 15.3 
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Table 8: Comparison of Protein C according to blood culture results  

 N Mean ± SD Std. Deviation 

Protein C E. coli 8 57.7 ± 13.8 0.426 

Staphylococcus aureus 4 64.7 ± 2.1 

Pseudomonas 9 59.7 ± 8.1 

Klebsiella 10 66.9 ± 18.6 

Acinetobacteria 2 54.0 ± 9.9 

Candida 7 61.8 ± 6.1 

No growth 9 72.3 ± 19.5 

 

Table 9: Correlations of CRP with protein C 

 CRP 

Protein C 
Pearson Correlation .250 

P. value  .080 

 

 

Figure 4: Mean of protein C in case and control 

DISCUSSION  

This was a cross sectional; hospital base study conducted in 
laboratory of Baraah children’s hospital at Khartoum state 
during the period of May 2022 to august 2022. The study 
performed to measure protein C levels among Sudanese 
infants and children with sepsis by using florescence immune 
assay method. 

 In the present study for the case group about 38% their ages 
less than one month and 28% more than one year, the 
frequency of the gender was;   54% were males and 46% were 
females. 

 This finding was agreed with plunkett et al study which   
found that the incidence of severe sepsis in their cohorts was 
significantly higher in younger age groups. Also agree with 
study done by Bindle et al which revealed; male gender 
predisposes to severe sepsis and septic shock more than 
female (ratio 1.7), this effect has been ascribed to higher levels 
of testosterone. 8,9 

And disagree with Scott Watson etal which reported; 
Incidence of sepsis was the highest in infants, fell dramatically 

in older children (10- to 14-year-olds), and was 15% higher in 
boys than in girls.10 

In this study CRP and the blood culture was done for all 
patients, also on the follow up for 15 days about 40% of the 
patients were died.  similarly, P. Póvoa et al reported that 
Daily measurement of CRP is useful in the detection of sepsis 
and it is more sensitive than the currently used markers, such 
as BT and WBC. 11 One another study done by Cui et al 
indicatedthat; on the 2nd, 3rd, and5th days, serum CRP level 
was higher in the no survivorgroup than in the survivor group, 
and serum CRP has goodclinical prognostic value for patients 
with sepsis and septicshock. 12 But Xiaomeng Tang etal found , 
there was no significant differencein aspect of CRP level on 
PICU admission between non survivors and survivors  patient 
in their study. 13 While Effat Hisamuddin et al stated that the 
CRP estimation does have a role in the diagnosis of sepsis but 
the test is not specific enough to be relied upon as the only 
indicator. 

Regarding the isolated bacteria; 20% was Klebsiella, 18% was 
Pseudomonas, and only 8% was Staphylococcusaureus, this 
results consist with Kuruvilla et al results which 
found E.coli and Klebsiella  were the most common organisms 
responsible for sepsis 14.. Also Movahedian et al found 
Pseudomonas and Klebsiell were the most prominent bacteria 
in sepsis15. In addition Zaidi et al suggested that Klebsiella 
species, E. coli, and S. aureus are major causes of infections in 
the first week of life 16.  While Gardner et al said E.coli is a 
common cause of sepsis while Pseudomonas, Klebsiell and 
Proteus were rare organisms in sepsis and S. aureas was 
unusual cause 17,18. 

For the protein C level, the study results revealed; there was 
clearly decreasing in protein C with highly significant 
differences when compared between case and control group. 
In spite there was an insignificant difference when the protein 
C in cases compared with the age, gender, CRP and culture.  In 
addition the result showed insignificant correlation between 
protein C and CRP.  This agree with study done by Ryszard., et 
al  showed that PC concentrations were significantly lower in 
neonates with sepsis19. Also agree with study done  by Yan and 
Dhainaut  et al which found  more than 80% of patients with 
severe sepsis have decreased levels of endogenous protein C 
to below the lower limits of normal20. 

In addition Eliwan and et al revealed; that Protein C levels are 
reduced during pediatric and neonatal sepsis, which may play 
a major role in the development of disseminated intravascular 
thrombosis, purpura fulminans, and multiorgan dysfunction.  
21. 

Other agreement with study done by  de Kleijn and et al which 
found ;  Meningococcal septic shock in children results in high 
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mortality and morbidity, and decreased protein C levels in 
these patients are associated with a poor outcome. So their 
carried out a study based on using protein C as a treatment 
(protein C concentrate) is safe in children with purpura 
fulminans and meningococcal septic shock and leads to dose-
related increases of plasma APC and resolution of coagulation 
imbalances22. 

CONCLUSION: 

The study concludes that there is a significant decrease in 
protein C level in patients with sepsis. 
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