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ABSTRACT 

 

 
ARTICLE DETAILS 

 
Background & objectives: Early identification of bacterial infection in patients with fever is 

important for prompt and specific treatment. However, the available biomarkers such as C-reactive 

protein (CRP) and leukocyte counts are not specific to bacterial diagnosis. This study aimed to 

assess the diagnostic value of procalcitonin (PCT) over CRP and leukocyte counts for bacterial 

infection screening in febrile patients while awaiting their hemoculture results, which takes up to 

7 Days before results are available though it is the gold standard for the diagnosis of bacterial 

infections.  

Methods: Blood samples were collected from febrile patients between January and July 2020 then 

processed for blood cultures. PCT, CRP and WBC levels were measured. The patients were divided 

into two groups according to the final diagnosis: bacterial infection group (group1) and non-

bacterial infection group (group 2).SPSS version 20.0 software package was used for data analysis 

and normally distributed variables were calculated using mean, standard deviation and ANOVA 

test while median and range were used for variables without a normal distribution. Significance 

testing was done using Kruskal-Wallis h test and Wilcoxon two sample test and the diagnostic 

accuracy was assessed by calculating the area (AUC) under the receiver operating characteristic 

curve (ROC). 

Results: There were significant (P<0.05) difference in the levels of PCT, CRP and WBC among 

the two groups. The PCT levels of patients in the bacterial infections group were significantly 

higher than those in the nonbacterial infections group (27.9 vs., 11.7 P < 0.001). The best cut-off 

value to detect bacterial infections was 1.46 ng/ml for PCT. PCT, CRP and WBC had areas under 

the curve of 0.71, 0.66 and 0.45 respectively and sensitivity of 100%, 72.7% and 27.3% 

respectively.  

Interpretation & conclusions: Our results showed that PCT was a valuable marker for the early 

and rapid diagnosis of bacterial infections in febrile patients in our setting when compared to 

CRP and WBC. However, prospective and large scale studies are warranted to confirm these 

findings in Cameroon. 
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INTRODUCTION 

Millions of deaths occur each year in the tropics due to 

bacterial, viral, or parasitic (malarial) infections that often 

initially present themselves as undifferentiated fever [1]. 

Many febrile patients seek care at peripheral levels of the 

healthcare system where diagnostic capacities are minimal. 

Given that malaria and bacterial infections may be rapidly 

fatal, overtreatment with antimicrobials is common, 

contributing to drug resistance that threatens health care 

systems at a global scale [2–4]. Traditionally, fever has been 

associated with bacterial infection. However, in up to 50% of 

febrile people, fever is caused by non-bacterial infection like 

malaria or other inflammatory conditions, such as malignancy 

or auto-immune disease [5, 6].  The early identification of   

bacterial infection in fever is very important, since 

appropriate etiological treatment and avoidance of 

unnecessary antimicrobial therapy could not only reduce the 

morbidity, mortality and costs to patients, but also can reduce 

the emergence of antibiotic-resistant bacteria. 

       The traditional diagnostic tools, such as C-reactive 

protein (CRP),erythrocyte sedimentation rate (ESR) and 

leukocyte count, are not specific for differentiating bacterial 

infections from viral infections and systemic inflammation 

[7,8]. Also, microbiologic culture being the gold standard for 

identifying and differentiating bacteria requires at least 24-48 

hours, and negative cultures do not exclude the presence of 

infections [9]. Moreover, only 5-10 per cent of cultures 

performed in hospitals show microorganisms [10]. Therefore, 

there is an obvious need for more specific and rapid 

biomarkers of bacterial infections in febrile patients. Lately, 

procalcitonin (PCT) has been added to the diagnostic work-

up of febrile patients.  

      PCT is a prohormone of calcitonin hormone and is 

produced by C cells of the thyroid gland as well as by other 

cell types in response to infection. Some of the strongest 

inducers of PCT include inflammatory cytokines (TNF, IL-6, 

IL-2), bacterial endotoxins and exotoxin [11].  PCT is 

considered to be a specific marker of severe bacterial 

infection in patients with suspicious bacteremia [12, 13]. In 

healthy subjects serum PCT concentration is undetectable, 

but rises markedly under certain situations [14]. Following an 

infectious stimulus, it is detected in serum after 2-3 hours, 

peak within 6-12 hours and maintains plateau after a 24 hours 

or continues until appropriate treatment is initiated or the 

infection is under control. It has shown it relevance and 

usefulness in the treatment and monitoring of critically ill 

patients [15]. CRP and WBC are non-specific biomarker, 

used in detecting infections, inflammatory diseases, tissue 

damage and neoplasia. An increase in PCT level in bacterial 

infections occurs faster than with  CRP and WBC. Whilst 

CRP and WBC also increase in viral infections, PCT is 

known to increases only in bacterial infections [17] and has a 

long half-life in blood. Therefore, it is a useful auxiliary test 

for bacterial infection. Chronic non-bacterial infections such 

as  malaria, autoimmune diseases, other systemic diseases, 

non-infectious and neoplastic diseases do not induce PCT, 

thus do not increase plasma PCT concentrations [18].In 

Africa and Cameroon in particular, PCT is not yet frequently 

in use in most hospitals and the majority of our clinical 

laboratories lack adequate infrastructures, equipments and 

cannot afford to have a bacteriology unit were hemoculture 

can be done so as to isolate the causative bacterial responsible 

for the fever. Moreover, laboratories with units for 

hemoculture demands up to 7 days of analysis before the final 

diagnosis of the infection are known. 

   Therefore, we undertook this study to compare the 

diagnostic properties and assess the optimum cut-off values 

of PCT, CRP, and WBC in the early detection of bacterial 

infections in febrile patients presenting in the Douala General 

Hospital. 

 

MATERIAL AND METHODS 

Study design and settings: The study was conducted 

between January and July 2020, in the laboratory of the 

Douala General Hospital, Cameroon. Ethical clearance was 

obtained from the Cameroon National Ethical Committee; No 

2019/11/57/CE/CNERSH/SP and a research authorization 

was also obtained from the hospital involved in the study. 

Written informed consent was obtained from every enrolled 

patient and for children the parent/guardian or caregiver gave 

their assent. Included in the study; were persons of all age 

groups with fever, hyperthermia (temperature ≥38.5°C), 

hypothermia (temperature ≤ 36.5°C), admitted within 24 

hours and not yet on any anti-infectious treatment. 

Data Collection 

For all patients, the following variables were collected: age, 

gender and temperature. 

Blood Sample Collection and Assays. 

Blood was collected on the first day of admission from all 

febrile patients. The serum was separated, stored at -70°C, 

and used subsequently for assaying procalcitonin and CRP 

while whole blood was used for WBC and MP (malaria 

parasite) detection. Procalcitonin was measured using a 

florescence immunoassay (FinecareTM PCT Rapid 

quantitative test, Wondfo Biotech, Guangzhou, China). The 

detection limit was 0.1 ng/mL, and the assay ranged from 0.1 

https://ijmscr.org/
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~100 ng/ml. The normal serum procalcitonin concentration 

with this assay is < 0.5 ng/mL.[19] CRP was measured using 

a standard latex agglutination slide test for qualitative and 

semi quantitative determination of C Reactive Protein (CRP) 

in human serum nephelometric assay  (Biolabo SAS , France) 

and the analytical  sensitivity varied between 6 mg/L (0.5 - 

10.0)  mg/L. The normal value is equal or < 6 mg/L. [20] 

WBC counts were performed using the Cell-Dyn Sapphire 

Hematology analyzer (Abbott Diagnostics Division, Santa 

Clara, CA), MP detection was done using two methods: the 

rapid diagnostic test method for the antigen detection of 

malaria ( P. falciparum, P. vivax, P.ovale and P. 

malariae),where the Care StartTM Malaria pf/PAN 

(HRP2/Pldh)Ag Combo RDT was used for the rapid 

diagnosis and the Giemsa staining method to confirm the 

rapid diagnostics test method and quantify the trophozoites, 

while blood cultures were processed using the BacT/Alert 3D 

(Biomerieux,France) automated hemoculture system.  

Group classification: 

The patients were divided into two groups according to their 

final diagnosis. Group 1 represented patients with 

bacteraemia defined by a positive blood culture and Group 2 

represented patients with no bacterial infections define by a 

negative blood culture. The groups were comparable in age 

and sex.  

Statistical analysis: Data were analyzed using SPSS version 

17.0 software package (SPSS Inc., Chicago, USA).Variables 

with normal distribution; the mean, standard deviation and 

ANOVA test was calculated. Variables which did not fit the 

normal distribution were expressed as median and ranges. 

Univariate data analyses were used for categorical variables. 

Significance testing was carried out using the Kruskal-Wallis 

Test and Wilcoxon two sample tests. Diagnostic accuracy 

was assessed by calculating the areas (AUC) under the 

receiver operating characteristic curve (ROC). ROC curve 

analysis was carried out using the method of DeLong et al 

[21].An AUC > 0.9 was considered excellent; 0.8- 0.9, very 

good; 0.7-0.8, good; 0.6-0.7, average; < 0.6, poor [22]. The 

best cut-off point is the point where sum of specificity and 

sensitivity is maximum, when equal weight is given to both 

[23]. A P < 0.05 was considered significant. 

 

RESULTS 

1. Demographic and clinical characteristic of the 

patients  

A total of 220 febrile patients (134 males and 86 females) 

were included in this study. 104 patients were from the 

pediatric units, 39 from the emergency unit, 17 from the 

reanimation unit, 7 from the burn unit, 25 from the 

neonatology unit, 10 from the surgical unit and 17 from the 

General medicine units. Demographic characteristics of 

patients with fever in this study are listed in Table I.1. 

The mean serum PCT level in the bacteria group (24.31%) 

was 27.8680 ng/ml, the mean serum CRP level was 85.6816 

ng/ml and the mean serum WBC was 12.0743 count/µl while 

for the non bacteria group; the mean serum PCT level was 

11.7 ng/ml, the mean serum CRP level was 48 ng/ml and the 

mean serum WBC was 12.0743 count/µl  as shown on Table 

I.2.

 

Table 1.1.Demographic characteristics of the febrile patients 

Characteristics                                                                                No. of cases [n (%)]  

0 -30 Days [              (Neonates)                                                  32 (14 .5 %)        

1 Month - 2 Years [   (Infants)                                                     46 (21%)      

3 - 12 Years [            (child)                                                         67 (30.5%)   

13- 18 Years [           (Adolescent)                                                7 (3.9%)   

19 – 100 Years         (Adults)                                                        80 (36.4%)   

Male                                                                                              134 (61%)       

Female                                                                                           86 (39.1%)          

Temperature   ≥ 38.50C                                                                  67 (30.5%)           

Temperature   ≤ 36.50C                                                                 10 (4.5%)     

Cases with procalcitonin                                                               209 (95%)         

                  CRP                                                                             202 (91.8%)     

                  WBC                                                                           197 (89.5%)   

                  Blood culture                                                               216 (98.2%)    

                  Thick blood films                                                         131 (59.5%)                                                                          
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Table I.2. Laboratory characteristics of enrolled patients (n=220) with fever      

Parameters                    All           Group 1 ( Bacteraemia)        Group 2 ( Non bacterial infections)       No Hemoculture     p Value 

Number                      220                        35                                                   109                                              76                         

Sex 

(Male vs. female)     134: 86                   27:8                                                67: 42                                          40: 36 

Age(Yr) (median)    32 years                   27                                                 19                          /                       1,0 

 (IQR)                   (7months-9years)     (1-4days)         (7months-32years)                  (1day-9month) 

 

PCT (ng/ml) Mean   13                             27.9                     11.7                                              6.7                   0.001 

( median) (IQR)       (1.67)(0.05-200)   (10)(0,163-200)  (1.12) (0.05-123)                (0.8) (0.2-9) 

 

CRP (mg/l)  Mean    54.8                          85.7                  48                                               50.4                 0.38 

(median) (IQR)       (105.6)(< 0.5-98.9)    (107)( <5-88)   (99.7) (<0.5-99)                  (78)(0.4-43) 

  WBC Mean            12.1                       12.1                   12.1                                          0.0                  0.8 

            

2. Microbiology 

Among the 220 febrile patients, hemoculture was done on 144 

patients, 109 had sterile growth, and 35 had microbiological 

evidence of infection.  

    Bacteraemia was confirmed in 28 patients; among which 

21 patients had Gram-negative bacteria, 7 patients had Gram-

positive bacteria and in 7 patients, more than one organism 

was recovered while parasitic infections was diagnosed in 8 

patients. Pathogens isolated from culture are shown in Table 

2.The most frequently isolated pathogen was Klebsiella 

pneumoniae (7/35), followed by Staphylococcus aureus 

(5/35).  

 

Table 2. Microbiological Characteristics 

 Isolate                                                                                                          Number 

                 Gram-positive bacteria 

Staphylococcus aureus                                                                                    5 

Staphylococcus heamolyticus                                                                          2 

Enterococcus fecalis                                                                                        3 

            Gram-negative bacteria 

Escherichia coli                                                                                              4 

Klebsiella pneumonia                                                                                     7 

Pseudomonas aeruginosa                                                                               2 

Enterobacter species                                                                                       3 

Acrobacter  species                                                                                         2 

Contaminant ( more than one bacteria)                                                         7 

Parasitic infections                                                                                       8 

Total                                                                                                              43 

 

3. Diagnostic Value of Procalcitonin. 

Serum procalcitonin concentrations on day 1 were 

significantly higher (p= 0.001) in the patients with bacterial 

infections than those without bacterial infections as shown in 

Table 1.2. PCT, CRP and WBC concentrations according to 

pathogens in patients with bacterial infection are shown in 

Table 3. The ROC curves of PCT, CRP and WBC 

concentrations for discrimination between patients in the 

bacterial infection group and non-bacterial infection group 

are shown in Fig. 1. The best cut-off value to detect bacterial 

infection was 1.46 ng/ml for PCT. The AUC values for the 

studied biomarkers are listed in Table 5. PCT was better than 

CRP and WBC for detecting bacterial infection. A cutoff of 

1.46 ng/ml had 100 % sensitivity and 53 % specificity for 

separating patients with bacterial infections from those 

without bacterial infections. Positive predictive value and 

negative predictive values were 28 % and 100 % respectively. 

Serum C reactive proteins and WBC concentrations were 

different in the two groups (Table 2). PCT concentrations 

were significantly elevated in gram-positive infections 

(62.3271ng/mL) than in those with gram- negative infections 

(20.9581ng/mL). 
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Table 3. Diagnostic value of procalcitonin (PCT), C-reactive protein (CRP), and WBC on day 1 of fever. 

                          Bacteraemia                             Non bacterial infections                             P values 

Biomarkers     Mean      Std .Deviation              Mean        Std .Deviation 

PCT                 27.9        49.1                             11.7          21.8                                          0.001  

CRP                 85.7        105.3                           47.9         55.7                                             0.9  

WBC               11.6         7.8                               12.1         9.3                                               0.8 

 

Table 4. Area under the curves (AUC) of the receiver operating characteristic (ROC) for procalcitonin (PCT), C-reactive 

protein (CRP), and WBC and the best cut-off values to detect bacterial infection in febrile patients.  

Biomarker AUC   Cut- off value   PPV (%)   NPV (%)  FP FN Sensitivity (%) Specificity (%) Youden’s index (%) 

PCT           0.71         1.46             20%          10%         28  0.0        100                52.5                        0.53 

CRP           0.66          117             34%          93%         15 3.0        72.7                74.6                        0.47 

WBC         0.445        17.7            21%          85%         11  8            27.3              81.4                        0.086 

 

 
Figure 1: Receiver operating characteristic (ROC) curve showing the diagnostic value of PCT, CRP and leukocytes for the 

differentiation between the bacterial infection group and non-bacterial infection group. 

 

       Area under the curve (AUC) for PCT was 0.71 

(sensitivity 100%/specificity 52.5% at cut-off 1.46 ng/mL); 

CRP was 0.66 (72.7%/74.6% at 117 mg %); and for 

leukocytes it was 0.45 (27.3%/81.4% at 17.7 giga/L), 

respectively   

DISCUSSIONS 

The rapid detection of bacterial infections in patients with 

fever facilitates early implementation of therapy and 

identifies patients at high risk for complications. [24]. 

Similarly, ruling out bacterial infections  in  febrile patients 
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have substantial benefits, including reduction of the  

hospitalization length, antimicrobial use and facilitating 

clinician focus on alternative diagnostic pathways [26]. In 

this study, we have focused on the rapid diagnosis of bacterial 

infections in feverish patients. We assessed the diagnostic 

properties of the most commonly and frequently used markers 

like hemoculture, CRP and WBC (leukocyte counts) then 

compared its value with a marker like PCT not yet frequently 

in used in our country for the rapid diagnosis of bacterial 

infections in febrile patients.  

       Of the 220 recruited patients for our study, most were 

from the pediatric unit, followed by the emergency unit and 

the reanimation unit; all these patients need urgent medical 

attention. Also most of our patients were male and most had 

temperatures over 380 C, which signals the presence of an 

infection and necessitated specific and rapid biomarkers of 

infection like PCT to compliment hemoculture which is the 

gold standard but requires up to 7 days to isolate the bacteria, 

in case the infection is cause by a bacteria. This result 

corroborates the work by Junyan Qu et al., 2015 [32], who 

also had more males than females patients with temperatures 

> 380 C. 

     Klebsiella (7 %) and Staphylococcus aureus (5%) were the 

most frequent causal pathogens among the Gram-negative 

and gram-positive bacteria’s respectively. This was similar to 

the work by Helena et al, 2012 [30], who identified 

Staphylococci (33 %), E.coli (16%) and Klebsiella (14 %) as 

the most frequent causal pathogens in their cohort study. In 

general, Staphylococci (i.e.,Staphylococcus aureus) and 

Gram-negative rods from the Enterobacteriacea family are 

the most common causative agents of bacteraemia.  

   Our study showed a higher mean PCT level of 27.8 (ng/ml) 

in the bacteraemia group (group 1) than in the non 

bacteraemia group (group 2) with PCT level of 11.7 (ng/ml). 

This may be explained by the fact that interferon-gamma 

(IFN-γ) inhibits IL-1 beta-induced calcitonin mRNA 

expression and PCT secretion, so serum PCT levels increase 

less in viral 

infections as compared with bacterial infections [39].  This 

observation is consistent with the findings of Siyu Wang et 

al,.2018[31] and Junyan Qu et al,.2015 [32] who also had a 

higher PCT mean values with respect to the bacteraemia 

group.    

      CRP was also found to be of value in detecting bacterial 

infection in febrile patients but WBC was not. Other studies 

have also used CRP levels to identify bacterial infections in 

febrile patients [33, 34] however from our study; PCT was 

superior to CRP and WBC in identifying bacterial infection. 

This was further confirmed by calculating the area under the 

ROC curves, PCT (AUC= 0, 71) and CRP (AUC= 0, 66) 

performed equally well in differentiating bacterial infections 

from non-bacterial infections in febrile patients than WBC 

(AUC=0.45). Moreover, their Youden’s index and their cut-

off values showed the best combination of sensitivity and 

specificity in confirming that PCT was the best biomarker in 

differentiating bacterial infections from non-bacterial 

infections in febrile patients than CRP and WBC. From our 

study, the Youden’s index of PCT (53%) was higher than that 

of CRP (47%) and WBC (9%) to rapidly confirm the presence 

of a bacterial infection in febrile patients. It may be attributed 

to the fact, proven by previous studies, that PCT does not 

appear to be pivotally influenced by viral infections, 

autoimmune or allergic disorders, immunosuppressive, or 

steroids.[40---42] Nonetheless, CRP and WBC are 

biomarkers of inflammation rather than a 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. [43] 

These results corroborates with those of Junyan Qu et al., 

2015 who also had a higher Youden’s index of 48.5% and 

34% for PCT and CRP respectively. A cut–off value of 1.45 

ng/mL for PCT had a 100% sensitivity and a 52.5% 

specificity to detect the presence of bacterial infection than 

CRP with a cut–off value of 117 ng/ml which had only 72.7 

% sensitivity and 74.6% specificity and WBC with a cut-off 

value of 17.7 ng/mL had a 27.3% sensitivity and 81.4% 

specificity to confirm the presence of a bacterial infection. 

Furthermore, PCT had a higher NPV (100%) to rule out the 

presence of bacterial infections in blood stream infections 

(BSI) than CRP with a NPV of (93%) and WBC with a NPV 

of (85%). The finding of a significantly higher PCT level than 

CRP and WBC in BSI is consistent with reports of Siyu Wang 

et al., 2019 [31], who found a cut-off of 1.50, a sensitivity of 

100%, a specificity of 42.3%, NPV of 94.5%, PPV of 100% 

and AUC of 0.896 for PCT versus a cut-off of 46.8, sensitivity 

of 91.7%, specificity of 53%, NPV of 96.6%, PPV of 31.4% 

and AUC of 0.7 for CRP. M. Limper et al.,2011[35]  had a 

cut-off of 0.21,sensitivity of 90%,specificity of 71% and 

AUC of 0.84 for PCT versus cut-off of  8.5, sensitivity of  

89%, specificity of 4.3% and AUC of 0.65 for CRP  and 

Simon et al.,2004 [ 36] ,reported a sensitivity 92% , 

specificity of 73% for PCT versus 86% and 70% respectively 

for CRP . 

 In conclusion, PCT with a greater sensitivity, 

predictive value and AUC proved to be a valuable marker for 

the rapid and early diagnosis of bacterial infection in febrile 

patients with pending or no hemoculture results, than CRP 

and WBC markers of infection in a malaria endemic region 

of Cameroon. Therefore by implementing PCT as a routine 

marker in the work-up of febrile patients, the diagnostic 

power will be improved. This may eventually lead to a 

reduction in antibiotic prescriptions, costs and adverse events 

in patients. 
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