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ABSTRACT

Febrile conditions of unidentified origin are still unknown
in modern medicine despite the development of diagnostic
procedures. There are various agents of long-term temperature
encompassing numerous infectious or non-infectious diseases.

The aim of this study was to determine if there was a sta-
tistically significant difference in the values of proinflamma-
tory cytokines (IL-1, TNFa, IL-6) in patients who meet the
criteria for febrile conditions of unidentified origin, between
the group of infectious, malignant, rheumatic, “other” dis-
eases and undiagnosed patients.

The study was conducted in the Immunology laboratory of
the Center for Molecular Medicine and Stem Cells Research of
the Faculty of Medical Sciences in Kragujevac. Blood samples
were taken from patients tested at the Clinic for Infectious Dis-
eases, of the Clinical Center of Kragujevac, in the period from
2014 to 2016. The study included 70 patients.

The measured values of the level of TNFa showed signifi-
cantly higher values in a group of malignant diseases than in
the group of infectious diseases, while the values of IL-1 and
IL-6 did not show statistical significance.

TNFa can improve diagnosing in case of patients with
an unknown febrile condition, which can shorten the length
of the hospital stay and reduce the volume of performance of
diagnostic procedures.
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SAZETAK

Febrilna stanja nepoznatog porekla i dalje predstavijaju ne-
poznanicu u savremenoj medicini i pored razvoja dijagnostickih
procedura. Uzrocnici dugotrajne temperature mogu biti razliciti,
obuhvatajuci brojne infektivne ali i neinfektivne bolesti.

Cilj istrazivanja je bio da utvrdimo da li postoji sta-
tisticki znalajna razlika u vrednostima proinflamatornih
citokina (IL- 1, TNFa, IL-6) kod bolesnika koji ispunjavaju
kriterijume za febrilna stanja nepoznatog porekla, izmedu
grupe infektivnih, malignih, reumatoloskih, ,drugih” bolesti i
nedijagnostikovanih bolesnika.

Istrazivanje je radeno u Imunoloskoj laboratoriji Centra
za molekulsku medicinu i istraZivanja maticnih Celija Fakul-
teta medicinskih nauka u Kragujevcu. Krv za analizu uzeta
je od bolesnika ispitivanih na Klinici za infektivne bolesti,
Klinickog Centra Kragujevac, u periodu od 2014. godine do
2016. godine. U ispitivanju je ucestvovalo 70 bolesnika.

Izmerene vrednosti nivoa TNFa su pokazale statisticki
znacajno vise vrednosti u grupi malignih bolesti u odnosu
na grupu infektivnih bolesti, dok vrednosti IL-1i IL-6 nisu
pokazale statisticku znacajnost.

TNFa moze unapredi postavljanje dijagnoze kod bolesni-
ka sa nejasnim febrilnim stanjem, cime se moZe skratiti traja-
nje hospitalizacije i smanjiti obim izvodenja dijagnostickih
procedura.

Kljucne reci: temperatura, temperatura nepoznatog
uzroka, IL- 1, TNFa, IL-6

ABBREVIATIONS

ELISA - engl. enzyme-linked immunosorbent assay

IL - interleukin (engl. interleukin)

FUO - febrilna stanja nepoznatog uzorka (engl. Fever of
unknown origin)

BE-FDG - 2-deoxy-2-(**F) fluoro-D-glucose

PET - pozitronska emisiona tomografija (engl. Positron

emission tomographu)
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PGE2 - prostaglandin E2

serr - standardna greska (engl. standard error)

SD - standardna devijacija (engl. standard deviation)
TNF-« - faktor nekroze tumora-a (engl. tumor necrosis
factor-a)

TRAIL - (eng. TNF related apoptosis-inducing ligand-
TRAIL)
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INTRODUCTION

In the pathogenesis of fever, proinflammatory cytokines
IL-1, IL-6, and TNF have an important role which, by cir-
culating from sites of infection or inflammation, go to the
blood brain barrier in the hypothalamus (1, 2, 3). On endo-
thelial cells of the preoptic region of the hypothalamus they
are band to their receptors and they induce the formation of
prostaglandin E2 (PGE2), which is the main pyrogenic me-
diator in the genesis of elevated temperature (4, 5).

Tumor necrosis factor (TNF) is a proinflammatory cy-
tokine that shares many biological similarities with IL-1,
which is a result of the activation of the same transcription
factors, despite the existence of structural and receptor dif-
ferences (6). It represents a mediator of acute inflamma-
tory response and is responsible for many systemic com-
plications during the infection (7, 8). TNF in the case of
a large production may have a number of system effects,
and thus causes the loss of myocardial contractility and
the inhibition of the tone of blood vessels, which has a role
in the development of shock (9). It stimulates endothelial
cells to express the activators of coagulation and to inhibit
the expression of thrombomodulin coagulation inhibitor,
which consequently leads to the formation of intravascular
thromboses (10, 11, 12). It is believed that TNF « medi-
ates in oncogenesis, by activating the transcription of the
pro-inflammatory transcription factor NF-kB, which allows
expression of genes associated with tumor survival, prolife-
ration, invasion, angiogenesis and metastasis (13).

Febrile condition of unidentified origin represents a spe-
cial condition that refers to an elevated temperature above
38.3 °, which is registered on several occasions, and lasts lon-
ger than three weeks without any diagnoses despite an ad-
equate testing during three visits to the doctor that is after a
three-day stay at the hospital. (14). There are various agents
of unclear febrile conditions and they include a large num-
ber of clinical entities. Petersdorf and Besson described four
groups of diseases and divided them according to the etiologi-
cal agents (15). The division has been valid nowadays as well,
and it comprises: infectious, malignant, and other rheumatic
diseases involving granulomatous diseases, subacute thyroid-
itis, inflammatory bowel diseases, drug-induced temperature
and artificially induced temperature (16-18).

It has been discovered that some of the proinflamma-
tory cytokines have a role of endogenous pyrogens, while
on the other hand, certain cytokines can have antipyretic
effect. (19) Some of these circulating proteins are mediat-
ing intracellular communication between the immune and
nervous systems, which is the reason why the cytokine
profile is under examination in this study (20).

PATIENTS AND METHOD

Testing of the cytokine profile was done in Immu-
nological laboratory of the Center for Molecular Medi-
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cine and Stem Cells Research of the Faculty of Medical
Sciences in Kragujevac. Blood samples taken from pa-
tients were tested at the Clinic for Infectious Diseases,
of the Clinical Center of Kragujevac, in the period from
2014 to 2016. 70 patients participated in the study. FUO
group of patients, involved 38 patients who met the
criteria for febrile conditions of unknown etiology (22)
which comprises: a) a repeated appearance of the tem-
perature over 38.3 ° C within three weeks; b) the origin
of temperature remains unresolved after three visits to
the doctor of the ambulance service that is three days of
hospital tests. The control group included hospitalized
patients diagnosed with any of the preexisting acute
infectious diseases, of a viral or bacterial etiology. The
study included 32 patients.

The aim of this study was to determine whether there
is a statistically significant difference in the values of pro-
inflammatory cytokines (IL-1, TNFa, IL-6) between the
group of infectious, malignant, rheumatic, “other” diseases
and undiagnosed patients.

a) Determining the concentration of the cytokine in the
serum

Blood samples, with the amount of 10 ml, were tak-
en before treatment. The blood sample was centrifuged
at 2000 rpm for 5 minutes. After the centrifugation se-
rum was separated and distributed in 3-5 tubes. The
tubes were labeled and serum sample was stored at -20
° C. For determining serum level of cytokines, IL-1p,
IL-6, TNFa, commercial ELISA kits (R&D Systems, Mi-
nneapolis, MN, USA) have been used.

For performing the ELISA test manufacturer’s man-
ual was used. Optical density was read on a microplate
reader (ZENYTH 3100 MyLTi-Mode Detector, Anthos,
Austria) at a wavelength of 450nm.

Measured values of absorbance have, before the
analysis, been decreased for the value of the absor-
bance of blind probe (deionized water). The read-
ing values of the standard were used to construct a
standard curve, and then equation was determined
according to which concentration of the tested cyto-
kines was calculated.

b) Statistical data processing

Data were analyzed using the statistical program
SPSS version 22. For describing the linear relationship
between two variables Pearson linear correlation coef-
ficient r was used as well as Spearman’s rank correlation
coefficient rho. Results of the study and experiments are
expressed as an average value +/- standard error (SE) or
standard deviation (SD). For a statistically significant
difference in the values obtained between groups, we
used the two levels of statistical significance: statistical-
ly significant difference p<0.05 and highly statistically
significant difference p<0.01. The obtained results are
presented in tables and graphs.



RESULTS

The study included 70 patients who were examined and
treated at the Clinic for Infectious Diseases, of the Clinical
Center of Kragujevac. Criteria for unclear febrile condi-
tions were met by 38 patients. After the diagnosis, FUO
patients were classified according to the etiology into in-
fectious and non-infectious group of diseases. 11 patients
(29%) were diagnosed with some of the infectious diseases,
whereas 24 of FUO patients (63%) were diagnosed with
non-infectious disease. In 3 patients (8%) after exhausting
all diagnostic procedures the cause of febrile condition was
not discovered, and they belonged to a group of undiag-
nosed patients. 10 of rheumatic patients (26%), 9 who were
diagnosed with malignancy (23%), and 5 (13%) patients
who belong to the group of “other diseases” belonged to
the group of non- infective agents of FUO (Figure 1).

The control group consisted of 32 patients who were
diagnosed with some of the acute infectious diseases.

The results showed that there was no statistically sig-
nificant difference in the levels of IL-1f8 serum between
two groups. Values of IL-1f3 in the group of FUO patients
were approximately equal to values which were measured
in patients with acute infectious diseases, and in the study
they represented the control group. The average value of
IL-1f3 in the group of rheumatic diseases was higher than
the control group, but there was not a statistically signifi-
cant difference (Figure 2).

Tumor necrosis factor is a proinflammatory cytokine
that shares many biological similarities with IL-1. In the
group of FUO patients there was a trend of increasing se-
rum levels of TNFa as opposed to patients diagnosed with
acute infectious diseases, but not any statistical signifi-
cance was achieved.

Most common etiological of fever of unknown origin

m Infectious diseases

® Rheumatic diseases
= Malignant diseases

m Other diseases

® Undiagnosed diseases

Figure 1. TNFa values in sera of FUO patients vs. Control group.
Results are presented as average + SD, *p<0.05, **p<0.01
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Figure 2. TNFa in sera among different groups of FUO patients.
Results are presented as average + SD, *p<0.05, **p<0.01
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Figure 3. TNFa in sera among different groups of FUO patients.
Results are presented as average + SD, *p<0.05, **p<0.01

Serum levels of TNF« in the systemic circulation were
significantly lower in the group of infectious diseases, as
compared to the group of patients with malignant diseases
and other diseases. (Figure 3).

The highest levels of TNFa in a total sample of FUO
patients have been observed in a patient suffering from
Castleman’s disease, assigned to a group of other diseases,
in which maximum values of this pro-inflammatory me-
diator were registered.

By the analysis of level IL-6 in the serum, high values
in patients with acute infectious diseases were registered
compared to FUO patients but without reaching any statis-
tical significance. Average values of five etiological patient
groups were approximately equal.

DISCUSSION

In recent decades there have been numerous develop-
ments of both laboratory and visual diagnostic procedures,
but the number of undiagnosed FUO patients is still ap-
proximately 10-30% (21, 22). Such a high number of un-
diagnosed patients may be the cause of a fatal outcome,
especially for those patients who hide malignancy.

Our results show that in patients with prolonged febrile
condition non-infectious diseases are dominant. Most of
the patients were diagnosed with some of the rheumatic or
malignant diseases.

By analyzing previous studies it was observed that the
distribution of etiological agents since 1961 until today has
constantly been changing. In 1961 Petersdorf and Beeson
announced that the largest number of patients with un-
known febrile conditions has an infection or infectious dis-
eases (36%) (14). After infectious diseases, the leading po-
sition was occupied by malignant diseases that nowadays
many authors consider as an important cause of long-term
fever. More recent investigations show that a great impor-
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tance in the identification of the etiology of FUO has a
positron emission tomography with fluoro-deoxy-glucose
(FDG-PET), especially in the case of occult infections and
tumor (23, 24).

The published results of the authors of unclear febrile
conditions indicate that over the last decade a trend of in-
creasing the number of patients with rheumatic diseases
has been recognized, as shown by our results as well (25).

Although in recent decades the development of mod-
ern diagnostic procedures has occurred, febrile conditions
of unidentified origin still remain a diagnostic challenge,
which is why there is a constant need for a new research.

In order to evaluate FUO patients, serum concentra-
tion levels of TNFa with FUO patients have been mea-
sured as well as in patients with acute infectious diseases,
which in the study presented a control group. Statistically
speaking, significantly higher values have been achieved in
the group of malignant diseases than in the group of infec-
tious diseases.

Tumor necrosis factor is an important pro-inflamma-
tory cytokine, which may be a link between inflammation
and carcinogenic process (26). The role of TNF« in carci-
nogenesis, is reflected in the activation of the transcription
factor NF-kB (27). NF-kB is responsible for the enhanced
expression of genes that have a role in the survival, inva-
sion, proliferation, angiogenesis and metastasis of tumor
cells (28). In our study, in patients belonging to the group
of malignant diseases breast cancer, ovarian cancer, co-
lon cancer, etc. were diagnosed, and it is known that their
tumor cells can constitutively express TNFa. Most of the
cells with these characteristics are responsible for the per-
manent activation of NF-kB (29).

Unlike TNFa, other members of the TNF superfam-
ily may have a suppressive role in tumor immunity. It was
found that TRAIL can induce apoptosis in tumor or altered
cells but not in case of healthy cells, causing the conducted
clinical trials for the treatment of tumors (30).



The highest levels of TNFa in a total sample of FUO
patients have been observed in a patient suffering from
Castleman’s disease, assigned to a group of other diseases,
in which the maximum values of this pro-inflammatory
mediator are registered. Castleman’s disease, a rare lym-
phoproliferative disorder that is defined as a localized hy-
perplasia of the lymph follicles with or without germinative
centers, with the existence of endothelial hyperplasia (31).
It is believed that in the pathogenesis of Castleman’s dis-
ease a cytokine dysfunction of pro-inflammatory cytokines
plays an important part, with an involvement of hyperse-
cretion, IL-6 and TNFa, as was the case in this study (32).

CONCLUSION

Febrile conditions of unidentified origin remain a di-
agnostic challenge to clinicians because it encompasses a
heterogeneous group of diseases which belong to infec-
tious illnesses and infections as well as non-infectious dis-
eases. In view of the achieved results, determining cytokine
profiles in FUO patients, can improve the diagnosis, which
can shorten the duration of hospitalization, and reduce the
volume of the performance of diagnostic procedures.
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