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Background: Sepsis is a life-threatening organ dysfunction caused by a dysregulated 

host response to infection. Soluble Programmed cell death protein-1(sPD-1) increased in 

patients with sepsis and involved in immunosuppression. It is associated with a poor 

prognosis, severity and 28-day mortality. Objectives: Identification of the caustive 

agents of sepsis using Bact Alert 3D system, measurement of serum level of sPD-1 in 

patients with sepsis compared to control group by ELISA and evaluation of sPD-1 as a 

diagnostic and prognostic marker for the severity and 28-day mortality. Methodology: 

Our study was done on 40 patients diagnosed as sepsis in Chest and Intensive Care 

Units Departments of Benha University Hospital. Blood samples were withdrawn from 

the patients for blood culture, Subcultures and biochemical tests were done for 

identification of the caustive agents of sepsis and ELISA is used for for measurment of 

sPD-1 level in patients and control group. Results: According to the causative 

pathogens, Klebsiella pneumoniae was the most frequently isolated organism (32.5%), 

followed by Pseudomonas aeruginosa (22.5%) and Staphylococcus aureus (17.5%). 

According to sPD-1, the mean serum level was significantly higher in the case group 

(17.58 ± 15.05 pg/mL) compared to the control group (0.53 ± 0.37 pg/mL). SPD-1 levels 

were markedly higher in non-survivors compared to survivors. Conclusion: sepsis is a 

common disease with multimicrobial causes. Klebsiella pneumoniae is the main 

causative bacteria for sepsis. sPD-1 is a promising diagnostic marker for sepsis with 

high sensitivity (97.5%), and specificity (95.0%), and prognostic marker for the severity 

and 28-day mortality 

 

INTRODUCTION 
 

According to the World health organization (WHO); 

Sepsis is a life-threatening organ dysfunction caused by 

a dysregulated host response to infection. Septic shock 

is a subset of sepsis in which underlying circulatory, 

cellular, and metabolic abnormalities contribute to a 

greater risk of mortality than that occurs by sepsis 

alone.1 

  Annual worldwide estimates include 31.5 million 

sepsis cases, 19.4 million severe sepsis cases and 5.3 

million deaths due to sepsis.2 

The pathogenesis of sepsis depends mainly on the 

host immune response. Any infection stimulates the 

immune system to elicit an inflammatory response. If 

dysregulated inflammation occurs, it will result in sepsis 

which comprise two phases: the first hyperinflammatory 

state (Cytokine storm) followed by a second phase of 

immune suppression (immune paralysis).3 

This immunosuppression is caused by the excessive 

release of anti-inflammatory cytokines and the decline 

in the number and function of immune cells and 

continuous immunosuppression will lead to increased 

mortality. 4 

  Recent studies have shown that Soluble 

Programmed cell death protein-1(sPD-1) also known as 

CD279 which is a member of the B7-CD28 

immunoglobulin superfamily is increased in patients 

with sepsis and involved in immunosuppression in 

sepsis, it is associated with a poor prognosis and it 

shows valuable predictive ability for the severity and 

28-day mortality of severe sepsis and septic shock 

during the first week of ICU treatment, So it is one of 

the most promising biomarkers of sepsis.4  

The most common pathogen in the septic patients is 

Escherichia coli (21.5%), followed by Klebsiella  
pneumoniae (9.0%), Methicillin-Sensitive 

Staphylococcus aureus (MSSA) (6.5%), and 

Streptococcus pneumonia (5.0%).5 

The dominant pathogens in patients with a 

respiratory source of infection are Streptococcus 
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pneumoniae and Gram-negative bacteria (Pseudomonas 

aeruginosa and Klebsiella pneumoniae).6 

Blood culture is an excellent method for diagnosis of 

sepsis. Automated blood culture system makes the 

processing of blood cultures more efficient. It eliminates 

the need for blind or terminal subcultures of bottles, 

reducing the number of times bottles must be handled 

during processing, speeding detection of microbial 

growth, maximizing blood culture sensitivity and 

specificity.7 One of such system is the BacT/Alert 3D , 

an automated system for blood cultures. BacT/Alert 

system is used for detection of bloodstream infections 

with bacteria or yeasts.8  

 

METHODOLOGY 
 

This research was conducted between June 2024 to 

February 2025 at the Microbiology and Immunology 

Department, Faculty of Medicine, Benha University. 

This cross sectional study was conducted on 40 

adults clinically suspected with sepsis and admitted to 

Chest and ICU Departments at Benha University 

Hospital, and 20 apparently healthy control subjects  

with matched age and sex for the patient group. 

Ethical consideration  

       The study protocol was explained to all subjects 

participated in this study and an informed written 

consent was taken from all the patients and control 

subjects. This study was approved by the Ethical 

Committee of Faculty of Medicine, Benha University, 

MS 18-2-2024. 

Inclusion criteria: 

• Patients aged ≥18 years with a sepsis diagnosis 

according to the Sepsis-3 criteria. 

• Patients with sepsis who had an acute organ 

dysfunction with a total Sequential Organ Failure 

Assessment (SOFA) score of ≥2 points consequent to 

an infection. 

• Patients with septic shock who had hypotension with 

a vasopressor requirement to maintain a mean arterial 

pressure (MAP) of ≥65 mmHg and lactate 

concentration of ≥2 mmol/L (18 mg/dL) in the 

absence of hypovolemia. 

Exclusion criteria were as follows:  

• Patients who had preexisting coagulopathy. 

• Who had intake anticoagulant or antiplatelet 

medication. 

• Who received blood transfusion within the last 3 

months. 

• Liver cirrhosis at stage C. 

• End-stage chronic kidney disease with intermittent 

hemodialysis. 

• Who were diagnosed with cancer. 

• Idiopathic thrombocytopenic purpura (ITP), multiple 

myeloma, hemolytic uremic syndrome, which could 

affect function and counts of platelets. 

• Human immunodeficiency virus (HIV) infection or 

viral hepatitis. 

• Chemotherapy, or radiation therapy within the past 

six months. 

All patients were subjected to: Laboratory 

investigations result as Complete blood count (CBC), C-

reactive protein (CRP), International Normalized Ratio 

(INR), Prothrombin time (PT), Lactate, Total bilirubin, 

Troponin, Urea, Creatinine, Aspartate transaminase 

(AST), Blood culture, Sequential Organ Failure 

Assessment (SOFA) score were collected from patients’ 

files.  

Microbiological examination 

▪ Under complete aseptic conditions blood samples will 

be taken for both patients and controls.10 ml of blood 

was collected from each patient clinically suspected of 

sepsis, 8 ml of blood was inoculated into 

BacT/ALERT PF Plus Culture Bottles (Automated 

culture bottles) at the bedside of patient.The other 2 

ml blood was inoculated in serum blood collection 

tubes vacutainer for further ELIZA assay of sPD1 for 

all patients and controls. 

▪ Blood culture: the inoculated BacT/ALERT bottles 

incubated in the BacT/ALERT®3D instrument 

bioMérieux until microbial growth is detected, then 

subcultures were done on suitable media (Blood agar 

medium, MacConkey’s agar medium, Sabouraud’s 

dextrose agar medium) (Oxoid UK). After 24 hours of 

incubation, Bacteria were identified by standard 

bacteriological methods.9 

▪ Measurement of Soluble programmed cell death 

protein-1: sPD-1 levels were measured in the serum 

of patients and control groups by enzyme-linked 

immunosorbent assay.  

 

RESULTS 
 

The present study was conducted on 40 sepsis  cases 

and 20 control .According to demographic data, in terms 

of age, there was no significant difference between the 

case and control groups, with mean values of 59.92 ± 

14.61 years and 57.95±18.66 years, respectively 

(p=0.655). Regarding sex distribution, the proportions 

of males (52.5% vs. 55.0%) and females (47.5% vs. 

45.0%) were comparable between groups, showing no 

statistical difference (p=1.000), as shown in table (1). 

According to the causative pathogens, Klebsiella 

pneumoniae was the most frequently isolated organism 

(32.5%), followed by Pseudomonas aeruginosa (22.5%) 

and Staphylococcus aureus (17.5%). Regarding fungal 

infections, Candida albicans was detected in 12.5% of 

cases, while Coagulase-negative Staphylococci had a 

similar prevalence (12.5%). Escherichia coli was the 

least common isolate (2.5%) as shown in Figure (1). 

Soluble programmed cell death protein-1 in the 

Study Groups is shown in table (2). 
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Table 1: Demographic data in Study Groups 

Parameter Category Case group (n=40) Control group (n=20) Test Results 

Age (years) Mean ± SD 59.92 ± 14.61 57.95 ± 18.66 t: 0.449, p=0.655 

Median (Range) 63.50 (19.00-82.00) 56.00 (28.00-84.00) 

Sex Male 21 (52.5%) 11 (55.0%) X²: 0.000, p=1.000 

Female 19 (47.5%) 9 (45.0%) 

 

 
Fig. 1: Blood culture distribution in Case group 

 

Table 2: Soluble programmed cell death protein-1 in Study Groups 

Parameter Category Case group (n=40) Control group 

(n=20) 

Test Results 

sPD-1 (pg/mL) Mean ± SD 17.58 ± 15.05 0.53 ± 0.37 t: 5.047, p<0.001* 

Median (Range) 11.78 (1.53-55.57) 0.35 (0.24-1.38) 
sPD-1: Soluble Programmed Cell Death Protein-1, t: Student t test, * for significant p value (<0.05) 

 

 

According to sPD-1 expression, the mean serum 

level was significantly higher in the case group (17.58 ± 

15.05 pg/mL) compared to the control group (0.53 ± 

0.37 pg/mL) (p<0.001).  

Soluble programmed cell death protein-1 in cases 

survivors and non-survivors is shown in table (3). 

Outcome in cases group is shown in table (4). 

In terms of clinical course, mechanical ventilation 

was required in 75.0% of sepsis patients. Regarding 

survival, 72.5% of patients did not survive after the 28-

day follow-up, while only 27.5% survived.  

Validity of sPD-1 is shown in table (5). 

 

Table 3: Soluble programmed cell death protein-1 according to outcome 

Parameter Category Non survivor (n=29) Survivor (n=11) Test Results 

sPD-1 (pg/mL) Mean ± SD 22.95 ± 14.37 3.44 ± 1.16 t: 4.463, p<0.001* 
sPD-1: Soluble Programmed Cell Death Protein-1, t: Student t test, * for significant p value (<0.05) 

SPD-1 levels were markedly higher in non-survivors (22.95 ± 14.37 pg/mL) compared to survivors (3.44 ± 1.16 pg/mL) (p<0.001).  

 

Table 4: Outcome in cases  group 

Parameter Category Case group (n=40) 

On mechanical ventilation n(%) 30 (75.0%) 

Survivor after follow-up for 28 days n(%) 11 (27.5%) 

Non-survivor after follow-up for 28 days n(%) 29 (72.5%) 

 

Table 5: Validity of sPD-1 

Variable AUC 95% CI p-value 
Cut 

off 

Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

Accuracy 

(%) 

Sepsis prediction 0.975 0.921 - 1.000 <0.001* 1.5 97.5 95.0 97.5 95.0 96.7 

Survival prediction 0.690 0.505 - 0.862 0.038* 11.0 69.0 72.7 87.0 47.1 70.0 

sPD-1: Soluble Programmed Cell Death Protein-1, AUC: Area Under the Curve, CI: Confidence Interval, PPV: Positive Predictive Value, NPV: 

Negative Predictive Value. 
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DISCUSSION 
 

Sepsis is still a major cause of morbidity and 

mortality  worldwide, despite improvements in medical 

care and raised awareness.10 

 This work aimed to identify the causative agents of 

sepsis by blood culture using BacT/Alert 3D system, 

measurement of serum level of sPD-1 in patients with 

sepsis compared to control group by ELISA technique 

and evaluation of sPD-1 as diagnostic and prognostic 

marker for the severity and 28-day mortality during 

Sepsis.  

Our study comprised 40 patients with sepsis , 

according to demographic data, in terms of age, the 

mean values were 59.92 ± 14.61 years.Regarding sex 

distribution, the proportions of males and females were 

(52.5% vs. 47.5%). The results agreed with Madkour et 

al.11; their study included 100 cases with sepsis out of 

403 admitted cases in the same duration. Among sepsis 

patients, 72% were males and 28%were females, with 

mean age 51.62 ± 18.62 years. 

In our study; According to the causative pathogens, 

Klebsiella pneumoniae was the most frequently isolated 

organism (32.5%), followed by Pseudomonas 

aeruginosa (22.5%) and Staphylococcus aureus 

(17.5%). Regarding fungal infections, Candida albicans 

was detected in 12.5% of cases, while Coagulase-

negative Staphylococci had a similar prevalence 

(12.5%). Escherichia coli was the least common isolate 

(2.5%). The results were consistent with the findings of 

Madkour et al.11 research who stated that the total 

number of patients with sepsis admitted at RICU during 

his study were 100 patients, the  causative organisms of 

infection among sepsis cases were Klebsiella 

pneumoniae (29%), followed by  Pseudomonas 

aeruginosa (19%),  Acid fast bacilli (17%), 

Acinetobacter species  (16%), Candida (14%), 

Staphylococcus aureus (10%),  Escherichia coli (8%) , 

and Proteus species (2%) .  

The results were also similar to that observed by 

Tabah et al.12; in his study the  most frequent pathogens 

were Gram-negative bacteria (59.0%), predominantly 

Klebsiella spp. (27.9%), Acinetobacter spp. (20.3%), 

Escherichia coli (15.8%), and Pseudomonas spp. 

(14.3%).  

 In our study; according to sPD-1 expression, the 

mean serum level was significantly higher in the case 

group (17.58 ± 15.05 pg/mL) compared to the control 

group (0.53 ± 0.37 pg/mL) (p<0.001). The results  

agreed with Liu et al.,13 who conducted his study on 91 

patients with sepsis and stated that his study suggested 

that serum sPD-1 levels were significantly increased in 

septic patients compared with Healthy controls (HC) 

(P = 0.000).  

In this study; sPD-1 levels were markedly higher in 

non-survivors (22.95±14.37 pg/mL) compared to 

survivors (3.44±1.16 pg/mL) (p<0.001), and in terms of 

sepsis prediction, sPD-1 demonstrated excellent 

diagnostic performance with an AUC of 0.975 

(p<0.001), a cutoff value of 1.5 pg/mL, high sensitivity 

(97.5%), and specificity (95.0%), leading to an overall 

accuracy of 96.7%. Regarding survival prediction, sPD-

1 showed moderate prognostic value with an AUC of 

0.690 (p=0.038), a cutoff of 11.0 pg/mL, sensitivity of 

69.0%, specificity of 72.7%, and an accuracy of 70.0%. 

The results  agreed with Zhao et al.,14 who reported that, 

as the severity of sepsis increased, the level of sPD-1 

gradually increased as well. The cutoff value of the 

level of sPD-1 (2.7 ng/mL) on day 7 for the prediction 

of the 28-day mortality showed the highest specificity 

(97.3%). A Kaplan–Meier survival analysis indicated 

that patients with sPD-1 levels higher than the cutoff 

values of 2.66 ng/mL on day 1 or 2.7 ng/mL on day 7 

had a lower probability of survival at 28 days . 

In the present study mechanical ventilation was 

required in 75.0% of sepsis patients .Regarding survival, 

72.5% of patients did not survive after the 28-day 

follow-up, while only 27.5% survived. The results were 

similar to that observed by Mohamed et al. 15 who 

stated that (70%) of patients with severe sepsis 

underwent invasive mechanical ventilation. The 

mortality rate among these patients was found to be 

significantly higher (85.7%) as compared with those 

who were treated without invasive mechanical 

ventilation (25.0%).  

 

CONCLUSION 
 

Sepsis a common multimicrobial disease with 

Klebsiella pneumoniae is the main causative agent of 

sepsis following respiratory tract infections. sPD-1 is an 

excellent diagnostic marker for sepsis with high 

sensitivity (97.5%), and specificity (95.0%), and 

prognostic marker for the severity and 28-day mortality 

during Sepsis. 
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