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Abstract It is well known that the serum procalcitonin

(PCT) levels increase in severe bacterial infections. How-

ever, there is little information about the levels of PCT in

diverse diseases except mainly the infectious diseases. The

aim of this study was to investigate the progress of serum

levels of PCT together with traditional acute phase reac-

tants in children with familial Mediterranean fever (FMF)

during the attack and attack-free periods and to test whe-

ther PCT could help to diagnose the attack in FMF patients.

The study group comprised 21 FMF patients (mean age

10 ± 4.6 years) and 19 healthy controls (mean age

10.6 ± 4.2 years). Serum levels of PCT and traditional

acute phase reactants were measured during the attack and

attack-free periods. Blood samples were obtained within

the first 6–24 h of the attack period, 7 days later, and at

least 2 months after the attack. Traditional acute phase

reactants (hs-CRP, ESR, and fibrinogen) during the attack

period were significantly higher than the attack-free levels

and controls. PCT levels of the FMF patients during the

attack period were also significantly higher than the attack-

free and control group levels (median values, 0.044 ng/ml

vs. 0.028 ng/ml and 0.031 ng/ml, P = 0.04, respectively).

Although this difference was statistically significant

(P = 0.04), median PCT values of the attack, attack-free

period, and healthy subjects were lower than 0.05 ng/ml.

As a result, these findings suggested that PCT levels were

not conspicuously affected from inflammation and could

not be used as a descriptive marker for attack in FMF

patients.
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Acute phase reactants � Inflammation

Introduction

Familial Mediterranean fever (FMF) is an autosomal

recessive and autoinflammatory disease characterized by

recurrent inflammatory febrile attacks of serosal and

synovial membranes [1]. Inflammation typically involves

the peritoneum, pleura, joints, and skin. The typical clinical

course of FMF is that of exacerbations and remissions, and

the increased acute phase response seen during these

attacks that usually returns to normal in attack-free periods

[2]. Current pathogenic hypothesis of FMF is based on the

mutations in the MEFV gene, encoding the pyrin protein

thought to be associated with the inflammation cascade.

Mutant pyrin leads to the prevention of apoptosis and

persistence of leukocytes which produce increased amounts

of cytokines. In addition, during an attack, typical labora-

tory findings include leukocytosis, elevated erythrocyte

sedimentation rate and increased acute phase reactants (e.g.
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C-reactive protein, fibrinogen, serum amyloid A). To date,

levels of many blood cytokines and acute phase reactants

other than traditional tests have been measured in FMF

patients and the results have provided additional enticing

clues for more understanding of its inflammation [3–5].

Procalcitonin (PCT), a 116-amino-acid prohormone of

calcitonin, is used a new parameter for the severe bacterial

infections and its systemic inflammation. The origin of

PCT in the inflammatory response is not yet fully under-

stood, but it is believed that PCT is produced in the liver

and peripheral mononuclear cells, modulated by cytokines

[6–8]. Serum PCT concentrations are negligible in a

healthy population, but rapidly increase after bacterial

infections [9]. Recently, the levels of PCT are used for the

diagnosis of sepsis and/or evaluation of the response to

treatment. Generally, if the level of PCT is the less than

0.5 ng/ml, the test is considered as negative. Although PCT

elevation is significant in serious bacterial infections, its

levels do not increase or only slightly increase in neo-

plasms, autoimmune and allergic diseases [10–12]. In other

several disorders such as major surgery, heat and burn

injury, trauma, shock due to cardiogenic problems, and

severe systemic inflammation, PCT can be induced inde-

pendently of sepsis and infection [13]. Little information is

known about the levels of PCT in other diseases except

mainly the infectious diseases.

Although PCT levels have been evaluated in patients

with FMF in a few studies, none of them showed the

progress of the PCT levels during the attack and attack-free

periods of FMF patients.

The aim of this study was to investigate the progress of

serum PCT levels together with traditional acute phase

reactants in patients with FMF during the attack and attack-

free periods and also to find whether PCT could help to

diagnose the attack in FMF patients.

Materials and methods

A total of 21 consecutive FMF patients who were diag-

nosed according to the Tel-Hashomer criteria in Pediatric

Nephrology division of Ankara University School of

Medicine were included to the study. Patients were

enrolled during the attack period and followed up closely

at least 2 months. FMF patients with documented infec-

tions such as respiratory tract and urinary tract infections,

sepsis, other systemic diseases, and amyloidosis were

excluded. Blood samples were obtained within the first

6–24 h of the attack period, 7 days later, and at least

2 months after the attack. Control group that were mat-

ched according to age and sex consisted of completely

healthy children without any infection or any other sys-

temic diseases.

The ethical committee of our institution approved the

study protocol, and all parents of the patients and control

group gave written informed consent.

White blood cell counts (WBC), thrombocyte counts,

C-reactive protein (CRP), erythrocyte sedimentation rate

(ESR), fibrinogen, and PCT were measured in the patients

(at three different periods as described above) and control

group.

A Beckman Coulter Hematology Analyzer was used for

WBC and thrombocyte counts. The ESR was evaluated by

the westergren method and \20 mm/h was considered to

be normal. The measurement of high-sensitive CRP (hs-

CRP) was performed by the nephelometric method (Dade,

Behring, Germany) and \0.8 mg/dl was accepted as

normal.

Serum PCT level was determined by an immunofluo-

rescent assay (B.R.A.H.M.S PCT Sensitive Kryptor,

B.R.A.H.M.S AG, Henningsdorf, Germany). The samples

were stored at -70�C, and assays were performed at the

end of the study. Values of PCT levels [0.5 ng/ml were

considered as abnormal [14].

The parameters which were obtained from the patients at

three different periods were compared with each other and

with the control group. Statistical analysis was performed

with SPSS for Windows 11.0. Results were given as

median value with range. Differences between the patients

and controls were compared by Mann–Whitney U test. A

level of P \ 0.05 was considered to be statistically

significant.

Results

The study group comprised 21 FMF patients (10 males, 11

females; mean age 10 ± 4.6 years) and 19 healthy controls

(8 males, 11 females; mean age 10.6 ± 4.2 years). There

were no significant differences between the patients and the

control group in terms of age and sex distribution. Four of

the patients were newly diagnosed. The remaining patients

were diagnosed previously (mean follow-up period:

47.7 ± 35.5 months) and were already taking colchicine

(0.5–2 mg/day). The most common symptoms seen during

the attacks were: abdominal pain (52%), arthritis or

arthralgia (52%), chest pain (24%), and fever (24%). When

genotypes of the patients were evaluated, M694V was the

most frequent mutation. Ten of the patients had homozy-

gous M694V, one had homozygous M680I, 5 had com-

pound heterozygous (2 patients had M694V/V726A, 1

patient had M680I/M694V, 1 patient had M680I/E148Q,

and 1 patient had M694 V/E148Q), and 5 had heterozygous

M694V mutations.

Attack hs-CRP, ESR, and fibrinogen of the FMF patients

were significantly higher than the healthy control group.
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Attack PCT of the FMF patients was also higher than the

controls (Table 1).

Attack hs-CRP, ESR, fibrinogen levels, WBC, and PCT

levels of the patients were also significantly higher than the

attack-free period levels (Table 2). Although there were no

significant differences between the PCT levels of the

attack-free periods and healthy control group, attack-free

CRP, ESR, and fibrinogen levels were still significantly

higher than the healthy control group levels (Table 3).

During the attack, only two patients had elevated PCT

levels as is more than 0.5 ng/dl. The first patient was a 7.5-

year-old boy who was followed up for 13 months and

treated with colchicine. He was admitted with chest pain

and right axillary lymphadenopathy. Other system exami-

nation and chest radiographic evaluation were normal. His

hemoculture, urine, and throat cultures were negative. His

PCT levels were 2.6, 0.29, and 0.05 ng/ml at the 6th hour

of the attack, on the 7 days, and on the 3 months after the

beginning of attack, respectively.

Second patient was a 3.5-year-old boy who was diagnosed

newly. He had diffuse abdominal pain and had been kept

under observation for possible appendicitis in the pediatric

surgery department. However, abdominal ultrasonographic

findings were not consistent with appendicitis. Other system

Table 1 The inflammation markers of the FMF patients during attack and healthy control group

During attack (n:21)

median (min–max)

Control group (n:19)

median (min–max)

P

Hematocrit (%) 38.4 (32.2–45) 39.1 (36–48) 0.19

WBC (9109/l) 9,850 (4,200–29,700) 6,550 (4,700–11,100) \0.01

Thrombocyte (/mm3) 307,500 (12,100–544,000) 341,000 (225,000–425,000) 0.7

hs-CRP (mg/dl) 4.56 (0.97–19.3) 0.3 (0.015–0.43) \0.001

ESR (mm/h) 35 (25–80) 8 (2–35) \0.001

Fibrinogen (mg/dl) (normal 180–350) 465.5 (376–983) 256.5 (159–390) \0.001

PCT (ng/ml) (normal \0.05) 0.044 (0.02–2.54) 0.031 (0.02–0.08) 0.04

Significant differences in P values are kept in italics

Table 2 Inflammation parameters of the FMF patients during attack and attack-free periods

During attack median

(min–max)

After attack P

Median 7 days later

median (min–max)

Median 101 days later

median (min–max)

Hematocrit (%) 38.4 (32.2–45) 37.5 (28–41) 37.8 (33–41) 0.2

WBC (9109/l) 9,850 (4,200–29,700) 7,600 (5,100–18,300) 7,100 (4,700–9,700) \0.001

Thrombocyte (/mm3) 307,500 (12,100–544,000) 321,000 (172,000–602,000) 354,000 (141,000–404,000) 0.2

hs-CRP (mg/dl) 4.56 (0.97–19.3) 0.46 (0.11–9.5) 0.49 (0.1–2) \0.001

ESR (mm/h) 35 (25–80) 21 (2–51) 23 (13–60) 0.07

Fibrinogen (mg/dl) (normal 180–350) 465.5 (376–983) 356 (220–635) 350 (249–462) \0.01

PCT (ng/ml) (normal \0.05) 0.044 (0.02–2.54) 0.028 (0.02–0.25) 0.044 (0.02–0.51) 0.018

Significant differences in P values are kept in italics

Table 3 Inflammation parameters of healthy control group and the FMF patients during attack-free periods

Control group median

(min–max)

After attack P

Median 7 days later

median (min–max)

Median 101 days later

median (min–max)

WBC (9109/l) 6,550 (4,700–11,100) 7,600 (5,100–18,300) 7,100 (4,700–9,700) 0.06

Thrombocyte (/mm3) 341,000 (225,000–425,000) 321,000 (172,000–602,000) 354,000 (141,000–404,000) 0.4

hs-CRP (mg/dl) 0.3 (0.015–0.43) 0.46 (0.11–9.5) 0.49 (0.1–2) \0.01

ESR (mm/h) 8 (2–35) 21 (2–51) 23 (13–60) 0.001

Fibrinogen (mg/dl) (normal 180–350) 256.5 (159–390) 356 (220–635) 350 (249–462) \0.001

PCT (ng/ml) (normal \0.05) 0.031 (0.02–0.08) 0.028 (0.02–0.25) 0.044 (0.02–0.051) 0.8

Significant differences in P values are kept in italics
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examination was normal. His hemoculture, urine, and throat

cultures were negative. His PCT level was 1.63 ng/ml at the

44th hour of attack. The levels of PCT decreased to 0.02 ng/

ml on the 7 days. It was detected 0.03 ng/ml on 3 months

after the attack.

Discussion

How PCT changes during the attack of FMF and after it is

largely unknown. This is the first study which investigated

the progress of PCT concentrations in the same FMF

population during the attacks and attack-free periods. We

showed that PCT levels increased slightly during the

attacks of FMF patients. Meanwhile, increase of the tra-

ditional acute phase reactants such as CRP, fibrinogen,

WBC, and ESR was much more significant.

During the last decade, PCT has become increasingly

popular as a novel marker of inflammation which particu-

larly is caused by severe infection. Recent studies showed

that, under normal conditions, the levels of PCT in healthy

subjects are very low (\0.05 ng/ml) [14]. The highest

concentrations (C10 ng/ml) are seen in systemic bacterial

infections but have also been reported in multi-organ

dysfunction as seen following trauma [8, 15, 16]. PCT

concentrations between 2 and 10 ng/ml are suggestive of

sepsis while levels between 0.5 and 2 ng/ml make sepsis

possible but are also seen in other conditions. Although

sepsis is unlikely with concentrations less than 0.5 ng/ml,

such levels may still be consistent with localized infections

[8]. In lower respiratory tract infections, PCT concentra-

tions between 0.25 and 0.5 ng/ml may be seen [17].

However, a mild increase of PCT values could be

observed in the patients with non-infectious inflammatory

diseases such as systemic lupus erythematosus [18]. Until

today, two studies which were evaluated PCT levels in

patients with FMF have been reported. However, these

studies did not compare PCT levels in same FMF patients

during the attack and after the attack. One of the studies

was performed by Colak et al. [19] and consisted of 41

adult FMF patients during the attack-free period and 31

healthy subjects. In this study, statistically significant dif-

ference between PCT levels of the FMF patients and

healthy subjects was not found. PCT levels which were

measured with LUMItest PCT kit (BRAHMS) were within

the normal range in all patients and healthy control group

(0.04 ng/ml vs. 0.045 ng/ml). As a result, the authors

emphasized that the high PCT levels might be seen in FMF

attacks [19]. The second study that was performed by

Kisacik et al. [20] consisted of 28 FMF patients with acute

abdominal attacks and 29 patients with acute appendicitis

proven by clinical and pathologic examination. PCT levels

were also measured by the BRAHMS PCT kit. They found

that median PCT value of the FMF patients with attack was

0.1 ng/ml (range 0.06–0.21). Whereas, the median PCT

value of the patients with acute appendicitis (0.55 ng/ml,

range 0.26–0.70) was higher than the FMF patients with

attack. PCT levels of the patients were not evaluated after

the attack in this study [20].

We found that PCT levels during the attack were sig-

nificantly higher than both PCT levels of the same patients

during attack-free period and healthy control group.

Although this difference was statistically significant

(P = 0.04), median PCT values during the attack, after the

attack, and in healthy subjects were lower than 0.05 ng/ml

(Tables 1, 2, and 3). On the other hand, traditional acute

phase reactants such as CRP, ESR, and fibrinogen were

markedly higher than the controls. These results showed us

that PCT cannot be used as a descriptive marker for attack

in FMF patients instead of traditional acute phase reactants.

However, we are aware of the limitation of our study such

as small sample size.

In conclusion, we suggested that PCT values were far

from useful for identification of FMF attacks, and PCT

level was not conspicuously affected from inflammation of

FMF. PCT might be useful in the differential diagnosis of

some crucially state that might mimic FMF attacks such as

severe bacterial infections. But, further studies should

elucidate whether using the PCT could help in differential

diagnosis of severe infections and FMF attacks.
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