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Introduction: Although procalcitonin (PCT) concentration increases in bacterial infections, it does not increase in viral infections
and inflammatory diseases. Rapid change and stability of the molecule made PCT as a potentially useful marker for the
differentiation of bacterial and viral infections. In the present study, we aimed to compare PCT, CRP, WBC and thrombocyte count
values as an infection marker.

Methods: Patients admitted to the pediatric emergency department with fever (=38.5 °C), and collected blood, urine, stool and
CSF samples for culture test were enrolled. 52% of patients were girl. The mean age was 6.77+4.84 years. PCT, CRP, WBC and
PLTC values obtained from blood and serum samples at admission to the pediatric emergency department were compared.
Results: The mean PCT concentration was =3.375 pg/L in children with positive CSF culture. It was =1.95 pg/L in children with
positive blood culture which was statistically significant. It was not significant in children with positive urine and stool culture. CRP
threshold value was =1.285 mg/L in children with a positive CSF culture; it was statistically significant. CRP was not significant in
children with a positive blood culture. The WBC value was significantly higher in children with a positive urine culture. PLTC was
not statistically significant in whole patients. PCT, WBC, CRP and PLTC values were not significantly differed in children with
pathogenic bacterial growth in a stool culture.

Discussion: In our study, PCT value of >1.95 pg/L has higher specificity and sensitivity compared to CRP to differentiate various
bacterial infections. The threshold value of 3.375 pg/L for PCT was significantly higher specificity, sensitivity for septicaemia and
meningeal infections compared to CRP. The threshold value of 1.285 mg/L for CRP was seen in children with positive CSF culture,
and it was statistically significant. CRP can be useful in differentiating bacterial and viral infections in children, but PCT has a more
significant significance in the pediatric emergency setting, especially for the decision to start early treatment of antibiotic in

ABSTRACT

septicemia and meningitis.

INTRODUCTION

Fever is a physiologic response characterised by an elevation of
body temperature above normal daily variation (1). Fever is a
common reason for visits to the pediatric emergency departments
(EDs), and it is responsible for 15-25% of consultations in primary
care and emergency departments (2-4). Commonly, the majority
of patients have minor bacterial or viral infections, but it is essential
to recognise those having serious bacterial infections to provide
appropriate care with antibiotics and early hospitalisation (5). It
may be challenging to differentiate bacterial infections from viral
infections in EDs accuracy.

Body temperature and other clinical findings often provide
inadequate information for diagnosis. Therefore, a more sensitive
and specific laboratory markers are needed. Today, blood culture is
still the gold-standard method for the bacterial infection diagnosis.
However, blood culture has disadvantages such as the lack of
rapidity and low diagnostic sensitivity (6,7).

For this reason, increasingly, clinicians have begun proposing other
surrogate markers, such as procalcitonin (PCT) and C-reactive
protein (CRP). The most commonly used acute phase markers in
clinical practice are leukocyte count (WBC), absolute neutrophil
count, erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP) levels and procalcitonin levels (PCT) (8-10). C-reactive
protein (CRP), an acute-phase reactant which is secreted by the
liver in response to a bacterial infection and procalcitonin (PCT),
the precursor of calcitonin, which is released from all tissues in
response to a bacterial infection are useful for discriminating
febrile children with a bacterial infection from those with self-
limiting febrile ilinesses. However, the superiority of one biomarker
than the others has not yet been proven convincingly. It was
reported that neither CRP nor PCT could be used as a solitary
predictor of bacterial infection without other clinical features or
diagnostic markers(11-15).

CRP can be useful to discrimination between bacterial and viral
infection in children but serum level of CRP increases within 12-48
hours. Because PCT, a 14-kDa protein prohormone of calcitonin
rises within 6-8 hours, earlier than CRP, it may be more useful in
the early diagnosis of severe infections in children such as sepsis
and meningitis. Because it can increase nearly a 1000-fold in the

very invasive bacterial infections. (16,17). Therefore, we aimed to
compare CRP, WBC, PLTC and PCT values in febrile children with
positive blood, urine, stool and CSF culture and to determine the
specific cut-off values for these infection markers. Also, we aimed
to clarify which acute phase marker is better for early diagnosis.

MATERIAL AND METHODS

This prospective observational study was conducted at Eskisehir
Osmangazi University Faculty of Medicine, Pediatric Emergency
Department in Eskisehir, Turkey between March 2018 and
September 2018. The institutional review board approved the
study and written informed consent was obtained from parents or
caregivers. This study was supported by Eskisehir Osmangazi
University Scientific Research Projects Commission (Project
number: 2017-1640).

Patients admitted to the pediatric emergency department for fever
were selected. Using infrared thermometry, forehead skin
temperature was measured three times by a paediatrician. It was
positioned 5 cm in front of the subject's forehead, and the mean
temperature was calculated. The mean patient temperature of
>38.5 C°was accepted as febrile.

All patients with fever lasting longer than seven days, known
acquired or congenital immunodeficiency, any chronic pathology
and children treated with antibiotics or vaccination during the
previous two days were excluded from the study. After consent
was obtained, samples were taken for CRP, PCT, WBC, PLTC and
blood, stool, urine and CSF culture. Blood, stool and urine culture
were studied in all cases, but CSF culture was studied in selected
cases based on the clinical examination findings. A hundred
patients aged 0 to 18 years with positive blood, urine, stool or CSF
culture were included the analysis. Children were detailed
examined, and complete history and demographic information
were taken. Also, the degree and duration of fever were recorded.
Decisions on antibiotic treatment and hospitalisation were made
by emergency staff physician based on clinical assessment and the
presence of risk factors.

Procalcitonin was measured by automatic immunofluorescence
assay (Brahms Diagnostica, Berlin, Germany) following the
manufacturer's instructions. CRP was analysed using
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nephelometric assay according to the instructions of the
manufacturer (Siemens Healthcare Diagnostics, Marburg,
Germany). WBC and PLTC analysis were performed in blood
samples with ETDA using an automated cell counter (Beckman
Coulter, Miami, FL, USA).

Statistical Analysis

All statistical analysis were performed by commercial SPSS 17.0
software. Normally distributed data were expressed as mean
standard deviation (£SD); nonnormally distributed data were
expressed as median and frequency, and categorical variables
were reported as percentages. For nonnormally distributed data,
the comparison was performed employing Mann-Whitney U or
Kruskal Wallis tests when appropriate and comparison of normally
distributed data were performed using independent-samples t-
test. Receiver operating characteristic (ROC) analysis was used for
the diagnostic performance of CRP, WBC, PCT and PLTC and
Based on ROC analysis, the best statistical cut-off values for each
parameter was calculated. The sensitivity and specificity were
assessed. Results were assessed with a 95 % confidence interval.
P<0.05 was considered statistically significant. Parameters
displaying P<0.01 were considered advanced statistically
significant.

RESULTS

Totally 100 patients were analysed. Fifty-two of cases were girl
(52%), and 48 (48%) were boy. The mean age was 6.77+4.84
years (between 2 months and 18 years).

For the whole cohort, the mean CRP concentration was
3.153+4.974 mg/L (range 0.24 t0 21.0), the mean WBC value was
9922.1+5633.9 mm’(range 400 to 32.000) the mean PCT value
was 2.688+11.12 pg/L (range 0.2 to 94) and the mean PLTC value
was 296600+142553 x10°/uL (range 7000 to 760000).

Thirty-six patients had a positive urine culture, 21 had positive
blood culture, 14 had a positive stool culture, 10 had a positive CSF
culture. Both blood and urine cultures were positive in 12 patients,
both CSF and blood cultures were positive in 3 patients, both
blood and stool cultures were positive in 2 patients, and both urine
and stool cultures were positive in 2 patients.

The effect of positivity of blood culture on PCT level was
statistically significant (p=0.000). The optimum cut-off value of
positivity of blood culture for PCT level was 1.95. The sensitivity
was 66.7%, and specificity was 88.2%. Also, the effect of
positivity of CSF culture on PCT level was statistically significant
(p=0.000) The optimum cut-off value of positivity of CSF culture
for PCT was 3.375. The sensitivity was 80.0%, and specificity was
95.6%. The effect of positivity of urine culture on WBC level was
statistically significant (p=0.000). The optimum cut-off value of
positivity of urine culture for WBC was 9370. The sensitivity was
78.6%), and specificity was 58.3%. The effect of positivity of CSF
culture on CRP level was statistically significant (p=0.045). The
optimum cut-off value of positivity of CSF culture for CRP was
1.285. The sensitivity was 80.0%, specificity was 57.8%. ROCs for
laboratory values for the prediction of culture positivity are shown
inFigure 1,2, 3and 4.

The mean PCT concentration was >3.375 pg/L in children with
positive BOS culture. It was =1.95 pg/L in children with positive
blood culture (with higher sensitivity and specificity) It was not
significant in children with positive urine and stool culture. CRP
threshold value was >1.285 mg/L in children with a positive CSF
culture. It was not significant in children with positive blood
culture. The WBC value was significantly higher in children with a
positive urine culture (=9370 x10%uL). PLTC was not statistically
significant in whole patients. PCT, WBC, CRP and PLTC values
were not significantly differed in children with pathogenic
bacterial growth in a stool culture. The sensitivity, specificity, cut-
off and AUC rates for CRP, WBC, PCT and PLTC according to the
positivity of culture are shownin Table 1.
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Figure 4. ROC for CRP for prediction of CSF culture positivity.
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Figure 3. ROC for WBC for prediction of urine culture
positivity.
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Figure 1. ROC for PCT for prediction of blood culture
positivity.
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Figure 2. ROC for PCT for prediction of CSF culture positivity.

Table 1. Sensitivity, specificity, cut-off and AUC rates for
laboratory values according to the positivity of culture.

Marker|{Culture AUC p | Cut off| Sensitivity | Specificity
positivity|
CRP |Blood |0,611 (0,455 -| 0,172 -
0,767)
Urine 0,614 (0,498 -| 0,078 -
0,730)
Stool 0,444 (0,280 -| 0,548 -
0,609)
CSF 0,694 (0,517 -| 0,045 1,285 80,0% 57,8%
0,871)
WBC |Blood | 0,495 (0,326 -| 0,954 -
0,664)
Urine 0,700 (0,588 -| 0,002 9740 78,9% 58,3%
0,811)
Stool 0,552 (0,373 -| 0,574 -
0,731)
CSF 0,553 (0,339 -| 0,585 -
0,766)
PCT |Blood |0,784 (0,649 -| 0,000| 1,95 67,7% 88,2%
0,918)
Urine 0,597 (0,474 -| 0,134 -
0,719)
Stool 0,403 (0,234 -| 0,298 -
0,573)
CSF 0,927 (0,837 -| 0,000 3,375 80,0% 95,6%
0,999)
PLTC|Blood | 0,643 (0,476 -| 0,078| -
0,810)
Urine | 0,378 (0,257 -| 0,058] -
0,498)
Stool 0,437 (0,274 -| 0,498 -
0,601)
CSF 0,687 (0,476 -| 0,054 -
0,897)
DISCUSSION

At pediatric EDs, early diagnosis of bacterial infections still poses a
major challenge. Bacterial infections can cause fetal outcomes if
untreated. Sometimes complaints are similar in patients with viral
and bacterial infections. Therefore, high sensitivity and specificity
markers or certain approaches are needed the distinction between
these two conditions. The growth of the causative organism in
culture is gold-standard for diagnosis (6, 18). However, it is known
that culture techniques may not be sufficient in some cases
including long growth time for bacteria some types, expensive
tissue culture procedures for viruses, negative culture of certain
microorganisms, taking culture samples after starting antibiotics
or sent to the laboratory in unsuitable conditions (19,20).

Procalcitonin and CRP have commonly investigated marker for the
differentiation of bacterial and viral infections. Higher sensitivity

and specificity rates were reported for them (21,22). CRPis a good
index but may not be elevated in the first 24 hours of serious
bacterial illness. CRP would also be raised in many viral diseases,
whereas PCT rises only slightly in response to viral infections.
Compared with CRP, the increase of PCT in the circulation was
found more rapid and more specific (23,24). It has been reported
that PCT has better diagnostic accuracy to detect severe bacterial
infections in children with fever without source than does CRP
(12).

In the present study, the mean PCT concentration was >3.375 pg/L
in children with positive BOS culture. It was >1.95 pg/L in children
with positive blood culture which was statistically significant. It
was not significant in children with positive urine and stool culture.
CRP threshold value was 1.285 mg/L in children with a positive CSF
culture; it was statistically significant. CRP was not found
significant in children with positive blood culture. The WBC value
was significantly higher in children with a positive urine culture.
PLTC was not statistically significant in whole patients. PCT, WBC,
CRP and PLTC values were not significantly differed in children
with pathogenic bacterial growth in a stool culture.

CRP level increases in many cases with tissue damage, such as
acute infections, rheumatic diseases, malignancies and acute
myocardial infarction. (25) In general, high CRP value is detected in
severe acute bacterial infections, and it may be lower in viral
infections. (26) It can be detected as high in some diseases
including adenovirus, cytomegalovirus, influenza, mumps,
measles and other viruses related infections. However, the low
level of CRP does not eliminate the possibility of bacterial infection.
CRP level may be low in the first 12 hours after onset of the iliness.
However, serial CRP measurements should be used if a bacterial
infection is clinically suspected (27) Tayyil et al. reported that the
sensitivity and specificity were 75% and 68.7%, respectively for
CRP (>50 mg/L) to detect bacterial infection.(28) Ip et al. reported
that the sensitivity and specificity of CRP (>10 mg/L) were 95% and
55%, respectively.(29) Yo et al. found that the sensitivity was 74%
and the specificity was 76 % for CRP (>9.83 mg/L) to detect severe
bacterial infection.(12). In our patients, a cut-off value of 1.285
mg/L for CRP was demonstrated 80% sensitivity and 57.8%
specificity (for CSF culture positivity). As it is shown in these
studies, the sensitivity and the specificity of different values are
variable; and suggesting that it is difficult to give a certain amount
for the distinction between bacterial and viral infections.

Procalcitonin concentrations were strongly correlated with disease
severity in several bacterial infections such as meningitis or urinary
tract infection (30-32). Also, it was reported that serum PCT, CRP
and WBC levels were significantly higher in bacterial meningitis
group than the viral group, and it continued to remain significantly
higher on the 3rd day of treatment.(33) It was also reported that
serum PCT, CRP and WBC levels were significantly reduced after
72 hours of treatment in bacterial meningitis group (20). Similarly,
CRP and PCT levels were significantly higher in patients with
positive BOS culture in our study. In our patients, a cut-off value of
1.95 pg/L for PCT was demonstrated 67.7 % sensitivity and 88.2 %
specificity (for blood culture positivity). But, the threshold of 3.375
pg/L for PCT had higher sensitivity (80%) and specificity (95.6%)
(for CSF culture positivity).

In a study by Virkki et al., the proportion of patients with increased
WBC was similar in bacterial and viral pneumonia (34). Moulin et
al. measured the sensitivity as 65.1% and specificity as 79.3% for
WBC to distinguish bacterial and viral pneumonia (35). In our
study, the cut-off value of WBC for prediction of urine culture
positivity was 9740 x10°/[JL, and WBC was significantly higher
only in patients with positive urine culture with higher sensitivity
(78.9%) but lower specificity (58.3%). Majority of these patients
had urinary tract infection. Compared to the literature, relatively
lower specificity levels in our study may be due to different
bacterial infection from other studies. Our WBC result indicated
that WBC may not be essential for early prediction of bacterial
infection, especially very severe bacterial infections.

CONCLUSION
In conclusion, PCT value of =1.95 pg/L has higher specificity and
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sensitivity compared to CRP to differentiate various bacterial
infections. The threshold value of 3.375ug/L for PCT was
significantly higher specificity, sensitivity for septicaemia and
meningeal infections compared to CRP. The threshold value of
1.285 mg/L for CRP was seen in children with positive CSF culture,
and it was statistically significant. CRP can be useful in
differentiating bacterial and viral infections in children, but the PCT
has a more significant significance in distinguishing the bacterial
and viral infections in the paediatric emergency setting, especially
in the decision to start early treatment of antibiotic in septicemia
and meningitis.

REFERENCES

National Collaborating Centre for Women’s and Children’s Health. Feverish Iliness
in Children: Assessment and Initial Management in Children Younger than 5 Years;
National Collaborating Centre for Women's and Children’s Health: London, UK,
2013.

Whitburn, S.; Costelloe, C.; Montgomery, A.A.; Redmond, N.M.; Fletcher, M.;
Peters, T.J.; Hay, A.D. The frequency distribution of presenting symptoms in
children aged six months to six years to primary care. Prim. Health Care Res. Dev.
2011,12,123-134.

De Bont, E.G.P.M.; Lepot, J.M.M.; Hendrix, D.A.S.; Loonen, N.; Guldemond-
Hecker, Y.; Dinant, G.-J.; Cals, J.W.L. Workload and management of childhood
fever at general practice out-of-hours care: An observational cohort study. BMJ
Open 2015, 5,e007365.

Sands, R.; Shanmugavadivel, D.; Stephenson, T.; Wood, D. Medical problems
presenting to paediatric emergency departments: 10 years on. Emerg. Med. J.
2012, 29,379-382.

L.J. Baraff Management of infants and young children with fever without source
Pediatr Ann, 37 (2008), pp. 673-679. L.J. BaraffManagement of fever without
source ininfants and children Ann Emerg Med, 36 (2000), pp. 602-614.

Dien Bard J, McElvania TeKippe E. Diagnosis of bloodstream infections in children. J
Clin Microbiol 2016;54(6):1418-24.

Hossain B, Islam MS, Rahman A, et al. Understanding bacterial isolates in blood
culture and approaches used to define bacteria as contaminants: a literature
review. Pediatr Infect Dis J 2016;35(5 Suppl 1):45-51.

Don M, Valent F, Korppi M, et al. Differentiation of bacterial and viral community-
acquired pneumonia in children. Pediatr Int 2009;51(1):91-6.

Nosrati A, Ben Tov A, Reif S. Diagnostic markers of serious bacterial infections in
febrile infants younger than 90 days old. Pediatr Int 2014;56(1):47-52.

Simon L, Gauvin F, Amre DK, et al. Serum procalcitonin and C-reactive protein
levels as markers of bacterial infection: a systematic review and meta-analysis. Clin
Infect Dis 2004;39(2):206-7.

Van den Bruel A, Thompson MJ, Haj-Hassan T, et al. Diagnostic value of laboratory
tests in identifying serious infections in febrile children: systematic review. BMJ.
2011;342:d3082.

Yo CH, Hsieh PS, Lee SH, et al. Comparison of the test characteristics of
procalcitonin to C-reactive protein and leukocytosis for the detection of serious
bacterial infections in children presenting with fever without source: a systematic
review and meta-analysis. Ann Emerg Med. 2012;60:591-600.

Sanders S, Barnett A, Correa-Velez |, et al. Systematic review of the diagnostic
accuracy of C-reactive protein to detect bacterial infection in nonhospitalized
infants and children with fever. J Pediatr. 2008;153:570-574.

Van Rossum AM, Wulkan RW, Oudesluys-Murphy AM. Procalcitonin as an early
marker of infection in neonates and children. Lancet Infect Dis. 2004;4:620-630.
Nijman RG, Vergouwe Y, Thompson M, et al. Clinical prediction model to aid
emergency doctors managing febrile children at risk of serious bacterial infections:
adiagnostic study. BMJ. 2013;346:f1706.

Nijsten MW, Olinga P, The TH, et al. Procalcitonin behaves as a fast responding
acute phase protein invivo and in vitro. Crit Care Med. 2000,28:458-461.
Dandona P, Nix D, Wilson MF, et al. Procalcitonin increase after endotoxin injection
in normal subjects. J Clin Endocrinol Metab. 1994;79:1605-1608.

Fields E, Chard J, Murphy MS, et al. Assessment and initial management of feverish
iliness in children younger than 5 years: summary of updated NICE guidance. BMJ
2013;346:2866.

Huttenen R, Syrjdnen J, Vuento R, et al. Current concepts in the diagnosis of blood
stream infections. Are novel molecular methods useful in clinical practice? Int J
Infect Dis 2013;17(11):€934-8.

Bozlu G, Tanrverdi H, Aslan G, Kuyucu N. The value of acute phase reactants and
LightCycler® SeptiFast test in the diagnosis of bacterial and viral infections in
pediatric patients. Arch Argent Pediatr. 2018;116(1):35-41.

Carcillo JA, Planquois JS, Goldstein B. Early markers of infection and sepsis in
newborns and children. Adv Sepsis. 2006;5:118-125.

Altunhan H, Annagiir A, Ors R, et al. Procalcitonin measurement at 24 hours of age
may be helpful in the prompt diagnosis of early-onset neonatal sepsis. Int J Infect
Dis.2011;15:e854-e858.

Gendrel D, Raymond J, Coste J, et al. Comparison of procalcitonin with C-reactive
protein, interleukin 6 and interferon-alpha for differentiation of bacterial vs. viral
infections. Pediatr Infect Dis J. 1999;18:875-881.

Dandona P, Nix D, Wilson MF, et al. Procalcitonin increase after endotoxin injection
in normal subjects. J Clin Endocrinol Metab. 1994;79:1605-1608.

Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J Clin Invest
2003;111(12):1805-12.

Nabulsi M, Hani A, Karam M. Impact of C-reactive protein test results on evidence-
based decision-making in cases of bacterial infection. BMC Pediatrics
2012;12:140.

Kono T, Otsuka M, Ito M, et al. Negative C-reactive protein in children with a
bacterial infection. Pediatr Int 1999;41(5):496-9.

Tayyil S, Shenoy M, Hamaluba M, et al. Is procalcitonin useful in early diagnosis of
serious bacterial infections in children? Acta Paediatr 2005;94(2):155-8.

Ip M, Rainer TH, Lee N, et al. Value of serum procalcitonin, neopterin, and C-
reactive protein in differentiating bacterial from viral etiologies in patients
presenting with lower respiratory tract infections. Diagn Microbiol Infect Dis
2007;59(2):131-6.

Nylen E, Snider R, Thompson KA, Rohatgi P, Becker KL. Pneumonitis associated
hyperprocalcitonemia. AmJ Med Sci 1996;312:12-18.

31

32

33

34

35

Dandona P, Nix D, Wilson MF, et al. Procalcitonin increase after endotoxin injection
in normal subjects. J Clin Endocrinol Metab 1994;79:1605-8.

Benador N, Siegrist CA, Gendrel D, et al. Procalcitonin is a marker of severity of
renal lesions in pyelonephritis. Paediatrics 1998;102:1422-5.

Alkholi UM, Abd Al-Monem N, Abd EI-Azim AA, et al. Serum procalcitonin in viral
and bacterial meningitis. J Glob Infect Dis 2011;3(1):14-8.

Virkki R, Juven T, Rikalainen H, et al. Differentiation of bacterial and viral
pneumonia in children. Thorax 2002; 57(5):438-41.

Moulin F, Raymond J, Lorrot M, et al. Procalcitonin in children admitted to hospital
with community acquired pneumonia. Arch Dis Child 2001;84(4):332-6.

[ 167 |



