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Abstract 

Background: Previous reports on the behavior of pro-

calcitonin blood levels in diverse clinical conditions sug-

gest that it is part of the activation of cellular immunity 

and is another acute-phase reactant.  

Objective: To compare procalcitonin with C-reactive 

protein, a well-known acute-phase reactant, in a series of 

acutely febrile pediatric patients and to review recent lit-

erature on procalcitonin.  

Methods: Procalcitonin and CRP levels were evaluated 

in 38 blood samples of pediatric patients who were admit-

ted to the Dana Children’s Hospital for evaluation of un-

explained fever or for sepsis work-up. 

Results: The parallelism between procalcitonin and 

CRP was found to be highly significant (P<0.01).  

Conclusion: The rise of procalcitonin blood levels in 

febrile pediatric patients suggests that it is part of the 

acute-phase reaction, parallel with the CRP reaction.  

IMAJ 2000;2:147–150 

Procalcitonin, the precursor molecule of calcitonin, has 

been found to increase in serum of patients with diverse 

clinical condition such as sepsis, severe invasive bacterial 

infections and systemic inflammatory response syndrome. 

Procalcitonin blood levels are low or undetectable in the 

serum of healthy subjects [1]. Inflammatory processes 

other than infection appear to cause secretion of procalci-

tonin [2]. The types of cells producing procalcitonin during 

the inflammatory processes are not known. The pattern of 

procalcitonin production seems to be similar to that of 

some markers of the activation of cellular immunity, sug-

gesting that it is another acute-phase reactant during in-

fection [1]. Moreover, the increase in procalcitonin associ-

ated with septicemia may be mediated through the effect 

of the endotoxin [3]. 

In order to assess the reliability of procalcitonin as an 

early acute-phase reactant in acutely febrile pediatric pa-

tients, we compared it to C-reactive protein, a proven and 

useful acute-phase reactant in pediatric patients.  

                                                           
CRP = C-reactive protein 

Patients and Methods 

Blood samples from 38 patients (ages 4 month to 11 

years) who were admitted to the Dana Children’s Hospital 

of the Tel Aviv Sourasky Medical Center for evaluation of 

unexplained fever or for sepsis work-up were evaluated. 

Both the procalcitonin and CRP levels were measured 

from the same blood sample of each patient at admission. 

We could not separate those patients into groups accord-

ing to different etiologies of their illness because we sus-

pected they had infections — based mainly on clinical 

signs, blood count, urine examination, or chest X-ray — 

although there was no clear evidence of bacterial infec-

tion. 

Procalcitonin was detected with a radioimmunoassay 

kit (Peninsula Laboratories, USA) with a range of 1–128 

pg/ml. The assay is based upon the competition of labeled 
125I-peptide and unlabeled peptide binding to the limited 

quantity of antibodies specific for the standard peptide in 

each reaction mixture. CRP was detected with an immu-

nochemistry method by rate nephelometry (Beckman In-

struments, USA), the normal level being less than 0.6 

mg/dl.  

Statistical analyses were performed using the two-

sample t and Fisher exact tests. Data are expressed as 

mean±SD. P≤0.05 was considered statistically significant. 

Results 

Seventeen patients with CRP values above the normal 

range (mean 13.37±9.7 mg/dl) also had high levels of pro-

calcitonin (mean 99.72±52.6 pg/dl) (P<0.01). Fourteen 

patients with the highest level of procalcitonin (128 pg/ml) 

also had high CRP values (mean 16.27±9.2 mg/dl) 

(P<0.01). Patients with CRP levels below the normal 

range (mean 0.56±0.45 mg/dl) also had low procalcitonin 

levels (mean 12.44±8.2 pg/d) (P<0.01). One patient who 

had a high procalcitonin level in serum (128 pg/ml) 

showed no correlation with the CRP level (0.1 mg/dl).  

The correlation between procalcitonin and CRP de-

tected by the Fisher exact test was highly significant 

(P<0.01).  
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Discussion 

Procalcitonin is a 116 amino acid peptide that undergoes 

proteolysis into the mature hormone, calcitonin, which is 

composed of 32 amino acids. Procalcitonin is known to be 

elevated in several systemic conditions, while it is low or 

undetectable in the serum of healthy subjects [1]. The 

types of cells producing procalcitonin during inflammatory 

processes are not known. The transformation of procalci-

tonin into calcitonin occurs in thyroid C cells, but the thy-

roid is not the sole tissue involved in the secretion. In-

deed, one burn victim who had undergone thyroidectomy 

reportedly had high procalcitonin values but no secretion 

of mature calcitonin [2]. Assicot et al. [3] demonstrated 

that the liver or lungs can serve as the site for production 

of procalcitonin during inflammatory processes [2].  In 

vitro studies using various cells, including endothelial 

cells, monocytes, macrophages, and polymorphonuclear 

cells stimulated with endotoxin, failed to reveal procalci-

tonin secretion [3]. 

The pattern of procalcitonin production seems to be 

similar to that of some components of the cytokine cas-

cade, and markers of the activation of cellular immunity 

suggest that it is an acute-phase reactant [1]. The procal-

citonin level in serum was found to be closely related to 

severe invasive bacterial infection and SIRS. When the 

infection is loco-regional or confined to a single organ in 

the absence of systemic response of the inflammatory 

reaction, the procalcitonin is low or moderately increased. 

It also remains low in viral infection [4]. It is likely that 

inflammatory processes other than infection lead to secre-

tion of procalcitonin, but its place in the cytokine cascade 

that occurs in sepsis and other inflammatory processes is 

not known [2]. 

A trial administration of a supraphysiologic amount of 

procalcitonin exacerbated mortality in experimental sepsis 

in an animal model, while prophylactic and therapeutic 

immune blockade of procalcitonin with multiregion-

specific goat antiserum reactive to procalcitonin increased 

survival [5].  Dandona et al. [3] investigated the effect of 

endotoxin, a product of gram-negative bacteria, on procal-

citonin concentration in normal human volunteers. After 

endotoxin injection, procalcitonin levels increased at 3–4 

hours in the blood of the volunteers and then rose rapidly 

to a plateau at 6 hours, remaining elevated for at least 24 

hours. The authors concluded that the increase in procal-

citonin associated with septicemia in patients may be me-

diated through the effect of the endotoxin. 

Measurement of plasma procalcitonin might be of value 

in the differential diagnosis of meningitis of either bacte-

rial or viral origin. In a study by Gendrel et al. [6], 18 chil-

dren with acute bacterial meningitis had elevated procalci-

tonin levels and 41 children with viral meningitis had low 

levels of procalcitonin. No traces of procalcitonin were 

found in the cerebrospinal fluid, and the plasma levels de-

                                                           
SIRS = systemic inflammatory response syndrome 

creased rapidly during antibiotic therapy. Serum procalci-

tonin levels were increased in children with febrile uri-

nary tract infection when renal parenchymal involvement 

was present, and enabled the prediction of patients at risk 

of severe renal lesion [7]. Serum concentration of procal-

citonin correlated well with the severity of Pseudomonas 

pseudomallei infection (melioidosis) [1] and Plasmodium 

falciparum malaria infection [8], and seemed to be a spe-

cific marker of bacterial sepsis in HIV-infected patients 

[9]. No increase in other secondary infections including 

Pneumocystis carinii, cerebral toxoplasmosis, viral infections, 

mycobacterial infections, fungal infections and localized bac-

terial infection, could be detected in HIV patients [9]. 

Procalcitonin is a good marker for detecting sepsis in 

neonates. Increased levels were found in all neonates with 

bacterial sepsis, while neonates with viral infection, bacte-

rial colonization, or neonatal distress had normal or only 

slightly increased levels [10]. For detecting early-onset 

sepsis, procalcitonin levels yielded a sensitivity of 92.6% 

and specificity of 97.5% [11]. 

SIRS is initiated by pro-inflammatory cytokines. As one 

of those cytokines, procalcitonin can serve as a marker to 

predict outcome [12], identifying patients who may benefit 

from pro- or anti-inflammatory therapies, and monitoring 

the immune status of the patients [13]. Patients with sep-

tic shock had high concentration of procalcitonin and ni-

trite/nitrate, while other pro-inflammatory cytokines, in-

cluding tumor necrosis factor and interleukin-6, resulted 

from inflammation, not shock [14].  Al-Nawas and Shah 

[15] investigated whether the rise of procalcitonin in sep-

tic patients is related to their immune status. Patients 

with sepsis and immunodeficiency had high values on days 

0 to 2, similar to patients with no immunodeficiency, but 

showed significantly lower levels in the following 3 days. 

Procalcitonin was found to be a sensitive, specific and 

predictive indicator of infections in heart transplantation 

[16], and of invasive bacterial infection or partial graft ne-

crosis in 57 kidney graft recipients [17]. 

An early and transient release of procalcitonin into the 

circulation was observed after severe trauma, and the 

amount of circulating procalcitonin seemed proportional to 

the severity of tissue injury and hypovolemia. It exhibited 

an early and transient increase in serum levels similar to a 

more delayed change of CRP levels. Peak levels of both 

procalcitonin and CRP were related to the injury severity 

score, the extent of tissue damage, and hypovolemia [18].  

In addition, procalcitonin seems to be an early predic-

tive marker of infective complications after elective colo-

rectal or aortal surgery [19].  Patients who undergo intes-

tinal surgery and other major operations more often dem-

onstrate an increase in procalcitonin values, whereas they 

are normal in the majority of patients after minor and pri-

marily aseptic surgery [20]. 
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Measurement of procalcitonin is helpful for differentiating 

infection from active autoimmune diseases. It is an important 

marker because patients with autoimmune diseases are 

prone to infection, particularly under conditions of immuno-

suppression [21].  Interpretation of the values must be sup-

plemented by clinical and laboratory findings, since procalci-

tonin levels can be elevated in rare cases of highly active 

Wegener’s granulomatosis without infection [22]. 

Procalcitonin levels did not exceed the normal range as do 

other cytokines, such as interleukin-10 and -6, in patients 

with acute pancreatitis following endoscopic retrograde 

cholangiopancreatography [23], but it was found in high con-

centrations in infected necrosis and associated systemic 

complications in patients with acute pancreatitis. [24]. 

The serum concentration of procalcitonin in burn vic-

tims was closely related to infectious complications and 

acute septic episodes [2].  In contrast, Carsin et al. [25] 

found that procalcitonin and interleukin-6 levels corre-

lated well with the severity of skin burn injury although no 

proven infection was found in those patients. Procalcitonin 

was not associated with smoke inhalation [25]. 

A Saudi Arabian study, addressing the correlation of se-

rum procalcitonin with the course of classic (non-

exertional) heatstroke, revealed that heatstroke was asso-

ciated with increased concentration of serum procalci-

tonin, particularly among survivors [26]. 

We chose to compare procalcitonin with CRP because 

the latter is a well-known acute-phase protein that is sen-

sitive and a rapidly reacting index in bacteremic infection 

[27].   We did not check the value of procalcitonin as a 

marker for severe invasive bacterial infections because 

cultures were either not available or were sterile in most 

of the study patients, although we suspected those pa-

tients to have infections, based mainly on clinical signs, 

blood count, urine examination or chest X-ray. We found a 

good correlation between both proteins, suggesting that 

procalcitonin is another sensitive acute-phase reactant. 

Monneret et al. [28] also found a good correlation between 

procalcitonin and CRP in infected newborn infants. They 

showed that the procalcitonin levels increased and re-

turned to the normal range more quickly than CRP.  

It emerged from the present work that procalcitonin 

paralleled the CRP reaction, and that the rise in procalci-

tonin blood levels occurs earlier in acutely febrile pediatric 

patients. The recent literature on this subject indicates 

that procalcitonin is a promising marker for the diagnosis 

of invasive bacterial infection, and enables a differential 

diagnosis between bacterial and nonbacterial etiologies of 

acute situations. The serum concentration of procalcitonin 

correlates well with the severity of other systemic condi-

tions and is also a very useful marker for SIRS. 

 

 

 

 

Acknowledgment: We thank Hadasah Shalit, head nurse, Department 

of Pediatrics, Dana Children’s Hospital, for participating in this study. 

References 

1. Smith MD, Suputtamongkol Y, Chaowagul W, Assicot M, Bohuon C, 
Petitjean S, White NJ. Elevated serum procalcitonin levels in patients 
with Melioidosis. Clin Infect Dis 1995;20:641–5. 

2. Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, Bohuon C. 
High serum procalcitonin concentration in patients with sepsis and infec-
tion. Lancet 1993;341:515–18. 

3. Dandona P, Nix D, Wilson MF, Aljada A, Love J, Assicot M, Bohuon C. 
Procalcitonin increase after endotoxin injection in normal subjects. J Clin 
Endocrinol Metab 1994;79:1605–8. 

4. Gendrel D, Bohuon C. Procalcitonin, a marker of bacterial infection 
[Editorial]. Infection 1997;25:133–4. 

5. Nylen ES, Whang KT, Snider RH, Steinwald PM, White JC, Becker KL. 
Mortality is increased by procalcitonin and decreased by an antiserum re-
active to procalcitonin in experimental sepsis. Crit Care Med 
1998;26(6):1001–6. 

6. Gendrel D, Raymond J, Assicot M, Moulin F, Iniguez JL, Lebon P, 
Bohuon C. Measurement of procalcitonin levels in children with bacterial 
or viral meningitis. Clin Infect Dis 1997;24(6):1240–2. 

7. Benador N, Siegrist CA, Gendrel D, Greder C, Benador D, Assicot M, 
Bohuon C, Girardin E. Procalcitonin is a marker of severity of renal le-
sions in pyelonephritis. Pediatrics 1998:102(6):1422–5. 

8. Hollenstein U, Looareesuwan S, Aichelburg A, Thalhammer F, Stoiser B, 
Amradee S. Serum procalcitonin levels in severe Plasmodium falciparum 
malaria. Am J Trop Med Hyg 1998;59(6):860–3. 

9. Gerard Y, Hober D, Assicot M, Alfandari S, Ajana F, Bourez JM, Chi-
diac C, Mouton Y, Bohuon C, Wattre P. Procalcitonin as a marker of 
bacterial sepsis in patients infected with HIV-1. J Infect 1997;35(1):41–6. 

10. Gendrel D, Assicot M, Raymond J, Moulin F, Francouai C, Badoual J, 
Bohuon C. Procalcitonin as a marker for the early diagnosis of neonatal 
infection. J Pediatr 1996;128:570–3. 

11. Chiesa C, Panero A, Rossi N, Stegagno M, De Giusti M, Osborn JF, 
Pacifico L. Reliability of procalcitonin concentrations for the diagnosis of 
sepsis in critically ill neonates. Clin Infect Dis 1998;26(3):664–72. 

12. Whang KT, Steinwald PM, White JC, Nylen ES, Snider RH, Simon GL, 
Goldberg RL, Becker KL. Serum calcitonin precursors in sepsis and sys-
temic inflammation. J Clin Endocrinol Metab 1998;83(9):3296–301. 

13. Karzai W, Reinhart K. Sepsis: definitions and diagnosis. Int J Clin Pract 
Suppl 1998;95:44–8. 

14. Werra I, Jaccard C, Corradin SB, Chiolero R, Yersin B, Gallati H, Assicot 
M, Bohuon C, Baumgartner JD, Glauser MP, Heumann D. Cytokines, ni-
trite/nitrate, soluble tumor necrosis factor receptors, and procalcitonin 
concentrations: comparisons in patients with septic shock, cardiogenic 
shock, and bacterial pneumonia. Crit Care Med 1997;25(4):607–13. 

15. Al-Nawas B, Shah PM. Procalcitonin in patients with and without im-
munosuppression and sepsis. Infection 1996;6:434–6. 

16. Staehler M, Hammer C, Meiser B, Reichart B. Procalcitonin: a new 
marker for differential diagnosis of acute rejection and bacterial infection 
in heart transplantation. Trans Proc 1997;29:584–5. 

17. Eberhard OK, Langefeld I, Kuse ER, Brunkhorst FM, Kliem V, Schlitt 
HJ, Pichlmayr R, Koch KM, Brunkhorst R. Procalcitonin in the early 
phase after renal transplantation — will it add to diagnostic accuracy? 
Clin Transplant 1998;12(3):206–11. 

18. Mimoz O, Benoist JF, Edouard AR, Assicot M, Bohuon C, Samii K. 
Procalcitonin and C-reactive protein during the early posttraumatic sys-
temic inflammatory response syndrome. Intensive Care Med 
1998;24(2):185–8. 

19. Reith HB, Mittelkotter U, Debus ES, Kussner C, Thiede A. Procalci-
tonin in early detection of postoperative complications. Dig Surg 
1998;15(3):260–5. 

20. Meiser M, Tschaikowsky K, Hutzler A, Schick C, Schuttler J. Postopera-
tive plasma concentrations of procalcitonin after different types of sur-
gery. Intensive Care Med 1998;24(7):680–4. 

21. Schwenger V, Sis J, Breitbart A, Andrassy K. CRP levels in autoimmune 
disease can be specified by measurement of procalcitonin. Infection 
1998;26(5):274–6. 

22. Moosig F, Csernok E, Reinhold Keller E, Schmitt W, Gross WL. Ele-
vated procalcitonin levels in active Wegener’s granulomatosis. J Rheumatol 
1998;25(8):1531–3. 

23. Oezcueruemez PM, Kunz D, Hardt PD, Fadgyas T, Kress O, Schulz 
HU, Kretschmer H, Temme H, Westphal S, Luley C, Kloer HU. Diag-
nostic relevance of interleukin pattern, acute phase proteins, and procalci-



Rheumatology 

150 R. Somech et al. IMAJ • Vol 2 • February 2000 

tonin in early phase of post ERCP pancreatitis. Dig Dis Sci 
1998;43(8):1763–9. 

24. Rau B, Steinbach G, Gansauge F, Mayer JM, Grunert A, Beger HG. The 
potential role of procalcitonin and interleukin 8 in the prediction of in-
fected necrosis in acute pancreatitis. Gut 1997;41(6):832–40. 

25. Carsin H, Assicot M, Feger F, Roy O, Pennacino I, Le Bever H, Ainaud 
P, Bohuon C. Evolution and significance of circulating procalcitonin lev-
els compared with IL-6, TNF alpha and endotoxin levels early after 
thermal injury. Burns 1997;23(3):218–24. 

26. Nylen ES, Al-Arifi A, Becker KL, Snider RH, Alzeer A. Effect of classic 
heatstroke on serum procalcitonin. Crit Care Med 1997;25(8):1362–5. 

27. Peltola H, Jaakkola M. C-reactive protein in early detection of bacteremic 
versus viral infections in immunocompetent and compromised children. J 
Pediatr 1988;113:641–6. 

28. Monneret G, Labaune JM, Isaac C, Bienvenu F, Putet G, Bienvenu J. 
Procalcitonin and C-reactive protein levels in neonatal infections. Acta 
Pediatr 1997;86:209–12. 

Correspondence: Dr. Z. Spirer, Chairman, Dana Children’s Hospi-

tal, Tel Aviv Sourasky Medical Center, 6 Weizmann St., Tel Aviv 

64239, Israel. Tel: (972-3) 697 4271; Fax: (972-3) 697 4533; email: 

spirer@post.tau.ac.il. 

 

New clues to whooping cough 

The whooping cough bacterium, Bordetella pertussis, 

appears to be a master tactician. According to new find-

ings, the pathogen, after invading the respiratory tract, 

induces some cells to kill certain of their neighbors with 

toxic gas. The result likely contributes to the intense 

gasping cough that not only gives the disease its name but 

also spreads the bacterium to other victims. 

Physicians and researchers have known for decades 

that the pathogen destroys the ciliated cells in the epithe-

lial lining of the respiratory tract. The hair-like cilia sweep 

away mucus, but when they die, coughing provides the 

only way to clear the airway. Exactly how B. pertussis 

kills these cells has been a mystery, however. Now, re-

sults described in the July issue of Cellular Microbiology 

by microbiologist William Goldman of Washington Uni-

versity School of Medicine in St. Louis, may have re-

vealed the microbe's modus operandi. 

Using a tissue culture system in which the microbe 

causes the same type of damage as in humans, the re-

searchers found that two toxic substances produced by B. 

pertussis work together to kill the ciliated cells. One of 

those molecules, tracheal cytotoxin (TCT), has long been 

a suspect, but the other, endotoxin, is somewhat of a sur-

prise. It is usually known for causing widespread immune 

system stimulation, which can lead to shock. Even more 

surprising, the two toxins do not launch a direct attack on 

the ciliated cells. Instead, they work together to incite 

neighboring cells to produce a noxious molecule, nitric 

oxide (NO), which kills the ciliated cells by an as yet un-

known mechanism. In developed countries, vaccination 

largely holds whooping cough in check, but the incidence 

of the disease in adults appears to be increasing; in non-

developed countries, B. pertussis still kills from 300,000 

to 500,000 people every year. And although antibiotics 

eliminate the bacteria, by the time the characteristic 

cough develops, the microbes are often already gone, hav-

ing set a cascade of destructive events in motion. Drugs 

that inhibit NO production might allow the tracheal epi-

thelium to recover more quickly. 

Earlier work by Goldman's group had shown that NO is 

involved in the attack on the ciliated cells and suggested 

that TCT acts as a trigger. But when the team tested 

whether TCT causes epithelial cells in cultured hamster 

tracheal tissue to activate production of an enzyme called 

inducible NO synthase (iNOS) which makes NO --- they 

got what Goldman describes as a "surprise result." TCT 

had no effect at all on iNOS production in epithelial cells. 

The researchers concluded that something in addition to 

TCT may be required to coerce the epithelium to produce 

NO. Goldman and Flak suspected that this co-culprit 

might be endotoxin, because the team had previously un-

covered another case of TCT-endotoxin cooperation in 

preventing the growth of a single type of respiratory epi-

thehal cell in culture. It prompted the researchers to add 

endotoxin along with TCT to their culture system. The 

combination worked. 

Because not all the cells in the tracheal epithelium are 

ciliated, the team wondered whether the ciliated cells 

themselves or their neighbors produce the NO. Further 

studies provided an answer: TCT and endotoxin induce 

the non-ciliated, mucus-secreting cells to produce the 

toxic gas. 

Goldman notes that both TCT and endotoxin are made 

by many other bacteria in addition to B. pertussis, al-

though most of the other microbes recycle TCT rather 

than release it. Endotoxin and TCT might collaborate to 

kill other ciliated cells in the body as well. The research-

ers do not yet understand how NO kills the ciliated cells 

without harming the secretory cells that produce it. Many 

questions remain about how both NO and the TCT-

endotoxin partners produce their effects. Researchers 

also need to find out whether B. pertussis operates the 

same way in humans. This might be addressed, says Erik 

Hewlett, a B. pertussis expert at the University of Vir-

ginia, Charlottesville, by seeing whether the iNOS ex-

pression patterns in trachea specimens from children who 

died from whooping cough mimic those seen in Goldman's 

experiments. If so, it might indicate that B. pertussis is 

putting its subversive tactics to work in environments 

other than the culture dish. 
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