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Fever and inflammation of unknown origin (FUO/IUO) remain challenging clinical syndromes today, in which
the internists play a central role in orchestrating the diagnostic process and interpreting key findings. FUO and
IUO share similar diagnostic evaluations and overlapping etiologies, although the relative frequencies of their
causes may differ. The established five-category classification includes infectious diseases (INF), non-infectious
inflammatory diseases (NIID), malignancies (MAL), miscellaneous (MISC) and undiagnosed illnesses (UI). The
relative distribution of these categories varies depending on the FUO diagnostic criteria applied, as well as
geographical region and socioeconomic factors. Although infectious diseases were historically the predominant
cause of FUO, in recent years there has been a shift toward UI and NIID, especially in high-income settings. IUO is
typically associated with a lower likelihood of infections compared to FUO, while the most common causes are
mainly NIID. Meticulous medical history and clinical examination, aimed at identifying potential diagnostic clues
(PDCs), remain pivotal to FUO/IUO diagnostics. Modern technologies such as PET/CT and next-generation
sequencing (NGS) have advanced the diagnostic workup of FUO/IUO. However, they should be employed
selectively, guided by PDCs, and with consideration of their limitations and cost-effectiveness. Emerging tech-
niques, including metagenomic NGS and cytokine-based assays (e.g. IL-1p/DNA complex detection), show
promising results in distinguishing sterile from infectious inflammation. Despite advancements in diagnostics
and considering that UI now represent a leading cause of FUO in the European region, there remains an urgent
need to deepen our understanding of underlying disease mechanisms and to develop novel, pathophysiology-
based diagnostic tools.

1. Introduction several occasions” and “uncertain diagnosis after one week of study in

hospital”. These were the first criteria for the diagnosis of FUO [2].

Fever of unknown origin (FUO) and inflammation of unknown origin
(IUO) are among the most complex and challenging clinical syndromes
in Internal Medicine. Internists, by virtue of their broad expertise across
the whole spectrum of adult diseases, serve as the cornerstone specialists
in the diagnostic evaluation of FUO/IUO, orchestrating structured and
methodical diagnostic processes. This thorough approach is essential to
avoid unnecessary tests or treatments and narrow down the differential
diagnosis [1].

The diagnosis of FUO is based on a set of clinical and paraclinical
criteria that significantly evolved over the past century. In 1961, R.
Petersdorf and P. Beeson published a prospective study reporting 100
cases of FUO at Yale University. The selection criteria included “illness
of more than 3 weeks duration”, “fever higher than 101°F (or 38.3 °C) on

Since then, diagnostic criteria have evolved to accommodate tech-
nological advancements in medicine and provide better care for patients
(Table 1) [3-5]. In 2009, Vanderschueren et al., attempting to include
patients suffering from extended inflammatory syndromes without
meeting the formal criteria of FUO, defined IUO as the prolonged and
perplexing inflammation with temperatures <38.3 °C, raised inflam-
matory markers and uncertain diagnosis. IUO and FUO were found to
share the same diagnostic yield and causative reservoir and as such the
authors suggested that the diagnostic algorithm followed in FUO should
also extend in patients fulfilling the criteria of IUO [6].

Today, the latest recommendations for the management of FUO/IUO
are based on a Delphi-generated consensus. According to these criteria,
FUO is now defined as: >3 weeks of fever (>38.3 °C on >3 occasions),
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Table 1
Highlights in FUO/IUO definition.
FUO study/Criteria Petersdorf & Beeson Durack & Street de Kleijn et al. Vanderschueren et al. Wright et al. Delphi panel (2024)
(1961) (1991) (1997) (2009) [TUO*] (2022)
Temperature (°C) >38.3 >38.0 >38.3 <38.3 >38.0 >38.3
Duration of Fever >3 weeks, >3 >3 weeks, >3 >3 weeks, >3 >3 weeks, >3 occasions >3 weeks, >3 >3 weeks, >3
occasions occasions occasions occasions occasions
Inpatient/ Inpatient Inpatient or Inpatient or Inpatient or outpatient N/A N/A
Outpatient outpatient outpatient
Days of mandatory 1 week 3 days (or 3 N/A 3 days (or 3 outpatient N/A N/A
evaluation outpatient visits) visits)
Paraclinical tests Not recommended Not recommended Mandatory™ Mandatory " Recommended ™ Recommended”
Number of patients 100 N/A 167 114 (57 FUO vs 57 IUO) N/A N/A
studied
Type of study Single center, Narrative review Multicenter, Single center, Prospective Narrative review Delphi-generated
Prospective study Prospective study study consensus

" Vanderschueren et al. [6], defined IUO and compared the diagnostic procedure to the one followed in FUO.

T To define TUO patients should present raised inflammatory markers: CRP >30mg/L and/or ESR >age/2 in male or (age+10)/2 in female on >3 occasions.

# The minimum standard of investigations should include:

a) Laboratory tests: Complete blood count, ESR, CRP, ferritin, liver and renal function tests, calcium, TSH, RF, ANA, ANCA (plus amylase and lipase in de Kleijn criteria)
b) Microbiology tests: Blood cultures (aerobic and anaerobic, >3 separated sets incubated for >5 days), HIV 1/2 serology, tuberculin skin test or IGRAs

c) Imaging tests: Abdomen ultrasonography plus chest X-ray (posteroanterior and lateral) OR computed tomography including chest, abdomen and pelvis (preferred if
available).

" Wright WF et al. criteria [5], suggest the early use of *®FDG-PET/CT imaging, while the Delphi-generated consensus [7] favors the use of *®FDG-PET/CT right after
the patients meets the criteria for FUO/IUO. Delphi panel further suggests the use of molecular diagnostics if pathogens are highly suspected as well as genetic testing
for unexplained relapsing periodic fevers (i.e. familial Mediterranean fever).

18EDG-PET/CT imaging, fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography; ANA, antinuclear antibodies; ANCA, anti-
neutrophil cytoplasmic antibodies; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; FUO, fever of unknown origin; HIV, human immunodeficiency virus;
IGRAs, interferon gamma release assays; IUO, inflammation of unknown origin; N/A, not applicable; RF, rheumatoid factor; TSH, thyroid stimulating hormone.

without any sufficient explanation, despite a complete and adequate 2. Etiology and epidemiology of FUO

workup of diagnostic tests, in an immunocompetent patient (Table 1)

[7]. Terms such as “nosocomial”, “neutropenic” and “HIV-related” FUO Recent studies estimate that FUO accounts for up to 3 % of hospital
are now considered outdated and will not be discussed in this review, admissions. The causes of FUO are often common diseases presenting
since their causes differ significantly from those in immunocompetent with atypical symptoms [8,9]. The classical five category system used to
“classical FUO” patients, which will be henceforth referred to as “FUO”. stratify the etiology of FUO includes: infectious diseases (INF),

European Region Western Pacific Region
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- @ NID
MAL
mIsC

o ul

Eastern Mediterranean Region South-East Asia Region

Fig. 1. Etiologies of FUO on different geographic regions and time periods using the classical five category system. INF, infectious diseases; NIID, non-
infectious inflammatory diseases; MAL, malignancies; MISC, miscellaneous diseases; UI undiagnosed illnesses. Created with mapchart.net.

*6204 FUO cases from 37 studies, between 1995 and 2021, worldwide, retrieved by previous systematic reviews, were analyzed and presented. Duplicate studies recorded
among the aforementioned systematic reviews were removed [13,14,17].

**Geographic regions were recorded according to the WHO countries list [20].
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Table 2
Most common causes of FUO in Europe.
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Infectious diseases

Tuberculosis, Endocarditis, Urinary tract infections, Abscess, Viral infections, Brucellosis, Pneumonia/pleural infections, Enteric fever, Parasitic infections (not malaria), Intra-
abdominal infections (not abscess), Yersiniosis, Malaria, Fungal infections, HIV, Meningitis, Odontogenic, Viral Encephalitis, Head and neck infections, Mycoplasma, Visceral leishmaniasis,

Salmonellosis, Leptospirosis, Non-tuberculous Mycobacteria.

Nonv-infectious Inflammatory Diseases

Adult-onset Still’s disease, Giant cell arteritis, Systemic Lupus Erythematosus, Sarcoidosis, Polymyalgia rheumatica, Infl

ory bowel disease, Familial Mediterranean Fever, ANCA

vasculitis, Polyarteritis nodosa, Rheumatoid arthritis, Henoch Schonlein purpura, Bechet’s disease, Granulomatous hepatitis, Polymyositis, Sjogren’s syndrome, Relapsing polychondritis,

Schnitzler syndrome, Mixed connective tissue disease, Cryoglobulinemic vasculitis

Malignancies

Non-Hodgkin Lymphoma, Hodgkin lymphoma, Leukemia, Breast cancer, Myelodysplastic syndrome, Colon cancer, Lung cancer, Gastric cancer, Renal cancer, Multiple myeloma

Miscellaneous

Drug fever, Thyroid disease, Venous thrombosis, Addison’s disease, Dressler’s syndrome, Factitious fever

*This table was created according to data presented in previous systematic reviews and meta-analyses [17-19].
**FUOQ categories are listed in order of prevalence, bolds represent the top 10 most prevalent conditions of FUO in Europe.

non-infectious inflammatory diseases (NIID), malignancies (MAL),
miscellaneous diseases (MISC) and undiagnosed illnesses (UI). Until the
end of the 20th century, infectious diseases comprised by far the leading
cause of FUO [10]. Overall, there has been a shift in the etiology of FUO
over time, with a slight decline in infectious causes and an increase in
NIID and UI [4,11]. Furthermore, considering that IUO falls within the
same spectrum as FUO, in a meta-analysis of 1452 patients from 8
studies, IUO was associated with a moderately lower likelihood of
infection compared to FUO, while the main causes of IUO were NIID
[12].

Despite the increasing proportion of FUO diagnosed as NIID in recent
decades, there are still systematic reviews indicating INF as the primary
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cause of FUO [13,14]. However, a detailed analysis of these studies re-
veals a more complex and multifaceted perspective, showing that the
causes of FUO vary widely depending on the criteria used in studies, the
average income level, and the geographic location of the country where
the research was conducted [14,15]. For instance, a meta-analysis found
that the application of the latest criteria (i.e. Delphi-panel), in which a
minimum duration of evaluation is not mandatory, was associated with
a significantly higher incidence of NIID and UI, compared to those
requiring at least 3 days to 1 week of evaluation (i.e. Petersdorf’s) [15].
With respect to socioeconomic status, studies conducted in high-income
countries (e.g. European region) report a higher prevalence of UI and
NIID and a lower proportion of INF, whereas INF remain more prevalent
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Fig. 2. Examples of typical recorded fever patterns and key PDCs that guide targeted diagnosis and treatment. Extensive paraclinical investigations are usually not
required in such cases. (A) Familial Mediterranean Fever (FMF); (B) Leishmaniasis; (C) Adult-onset Still’s disease (AOSD); (D) Brucellosis. AOSD, adult-onset Still’s
disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FMF, familial Mediterranean fever; Hb, hemoglobin; IL-1, interleukin-1; MRI, magnetic
resonance imaging; NEU, neutrophils; PLTs, platelets; WBC, white blood cells.
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in upper-middle- and lower-middle-income countries [11,14-17].
Furthermore, geographic variation in FUO etiologies potentially reflects
environmental influences or underlying epigenetic mechanisms (Fig. 1
and Suppl. Table 1) [13,14,17].

The paradox that the higher prevalence of undiagnosed FUO is found
in countries with the most advanced diagnostic capabilities, suggests the
existence of diseases and conditions that are still elusive despite exten-
sive investigation and further research in this field is needed. It may
further be hypothesized that the lack of advanced diagnostic technolo-
gies in low-income settings may contribute to an increased incidence of
false-positive definitive diagnoses that could be excluded with appro-
priate tools.

Table 2 presents the most common causes of FUO per category in
Europe [17-19].

3. Classical diagnostic approach
3.1. History and physical examination

A thorough and repeated medical history and meticulous physical
examination are key in the diagnostic procedure of FUO. History and
clinical examination enable physicians to find potential diagnostic clues
(PDCs) to assist the final diagnosis. PDCs reportedly lead to diagnosis in
up to 62 % of FUO cases [4], however, they should be assessed carefully,
as they can be misleading in 48 % to 81 % of cases [21].

Detailed medical history should incorporate immune status, dietary
and animal exposure, ethnicity, travel history and drug use [7,22]. Im-
mune status is important since immunocompromised patients present
different disease spectrum compared to immunocompetent ones [11].
Dietary and animal exposure history is essential to diagnose zoonotic
diseases such as brucellosis [23],Q Fever [24], leishmaniasis [25] or
borreliosis [26], in accordance with local epidemiology. Ethnicity is
crucial in suspecting autoinflammatory diseases (AID) such as familial
Mediterranean fever (FMF) [27], while travel history is essential to
identify infectious diseases endemics [7,28]. Drugs are a frequent cause
of fever in hospitalized patients, although rarely drug-associated fever
may be prolonged and present as FUO [11,29].

Temperature should be measured with a calibrated thermometer and
fever patterns as well as the duration of other PDCs identified, should be
carefully recorded, as they may point toward specific diseases [30-32].
Representative examples of fever patterns accompanied by other PDCs
to establish diagnosis are presented in Fig. 2.

3.2. Initial paraclinical investigations

Today, most internists in Europe have ready access to a wide array of
paraclinical investigations. Nonetheless, clinical phenotype remains a
key determinant in guiding the diagnostic workup and prioritizing the
appropriate tests. Furthermore, the limitations in specificity and sensi-
tivity of laboratory and imaging studies must be carefully considered
during result interpretation to ensure diagnostic accuracy. Lastly, cost-
effectiveness constitutes also an essential parameter in the selection
and sequencing of diagnostic investigations.

The minimal obligatory studies recommended by the recent Delphi-
generated consensus are described in Table 1 [7]. Initial CT scan of the
chest, abdomen and pelvis, if available, should be preferred over chest
X-ray and abdominal ultrasound, since it demonstrates better diagnostic
yield [7,33]. Laboratory investigations should be requested based on the
PDCs identified through the patient’s history and physical examination
[7,8,21,34]. Although routinely used, blood cultures demonstrate a low
diagnostic yield in FUO cases [35]. Other tests, despite not being specific
on their own, may assist diagnosis when accompanied by particular
PDCs. For example, erythrocyte sedimentation rate to C-reactive protein
(ESR/CRP) ratio may be useful in systemic lupus erythematosus (SLE)
cases [36], while hyperferritinemia (ferritin >500 pg/L) is indicative of
adult-onset  Still's  disease = (AOSD) or  hemophagocytic
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lymphohistiocytosis (HLH) [37,38]. Peripheral blood smear may reveal
atypical lymphocytes or parasites such as Plasmodium [39]. Despite its
widespread use over the past decades in detecting infections, procalci-
tonin is now considered a non-specific marker with limited ability to
distinguish infectious from non-infectious causes of FUO and its routine
use is generally not recommended [7,40,41].

Serological tests for pathogens, especially when guided by the
identified PDCs, may lead to diagnosis with high success rates. However,
clinicians should be aware that early serological tests may be negative,
and a definitive diagnosis may require a high or rising antibody titer, or
IgM to IgG seroconversion, such as in Cytomegalovirus (CMV) or My-
coplasma pneumoniae infections [17,35]. Syndromes that primarily fall
within the autoimmune spectrum, such as SLE typically require the
presence of autoantibodies, which are incorporated into established
classification/diagnostic criteria [42]. In other autoimmune conditions,
such as rheumatoid arthritis (RA), autoantibodies are supportive but not
mandatory to establish the diagnosis [43].

Histological evaluation is essential in the diagnostic approach of
FUO, particularly when PDCs indicate a localized process. Additionally,
“blind” procedures, such as bone marrow aspiration and biopsy may
yield valuable diagnostic insights. For instance, bone marrow exami-
nation can uncover infectious or malignant conditions, while a temporal
artery biopsy of 1.5-2 cm or longer remains a useful diagnostic tool,
particularly in elderly patients, for identifying giant cell arteritis (GCA),
one of the most prevalent NIID [44-46].

3.3. Nuclear medicine studies

For years, in vitro-labeled leukocytes and ®’Ga imaging were central
to diagnosing FUO/IUO in nuclear medicine. More recently, '*FDG-PET/
CT has largely replaced them and is now recommended in the diagnostic
process [7,21,47-52]. Meta-analyses show that '*FDG-PET/CT, while
highly sensitive (>85 %), displays a wide range of diagnostic yields,
from 56 % to 98 % [53-55]. Recent data support that, the yield is higher
in cases of IUO compared to FUO [56]. Some pilot or retrospective
studies suggest that its early use may be cost-effective by reducing un-
necessary procedures [57,58].

Patients with negative PET/CT scans are approximately six times
more likely to experience spontaneous fever remission (RR 5.6, 95 % CI
3.4-9.2) [59]. Those with infections or malignancies benefit most,
though it may also aid in diagnosing NIID, especially large vessel
vasculitis [49,60].

Despite the increasingly widespread use of PET/CT imaging today,
positive results require cautious interpretation, since it exhibits rela-
tively low specificity rates (50-80 %) [53-55], with false positive results
up to 30 % [60]. Further limitations include its high cost and limited
availability, and its inability to precisely differentiate pathological from
normal uptake of 8EDG in the brain, bowel, urinary tract, liver, spleen
and bone marrow [61].

3.4. Molecular diagnostics

Data regarding the use of molecular techniques as routine in-
vestigations for FUO are limited. According to the recent Delphi-
generated recommendations, molecular diagnostics to detect patho-
gens, including multiplex PCR and broad-range molecular techniques,
such as Sanger sequencing of the 16S rRNA gene, should be considered
later in the diagnostic approach of FUO/IUO. These techniques are not
influenced by empirical antibiotic therapies and intensify the early
detection of pathogens, especially those difficult to detect with con-
ventional microbiology tests and those needing long-term cultures, like
HACEK. However, availability, standardization of protocols and im-
provements in bioinformatic databases are still needed to use these
techniques widely, while data regarding their cost-effectiveness still
remain controversial [7,62].

In countries where the prevalence of tuberculosis is high, the use of
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molecular techniques to detect M. Tuberculosis DNA may be a valuable
tool used early in the diagnostic workup of FUO. Extrapulmonary
tuberculosis may present as FUO, without evidence of pulmonary dis-
ease [63]. In such cases, the choice of specimens should be guided by
clinical findings (i.e. PCR in peritoneal fluid in patients with ascites)
[64]. When clinical findings are unremarkable, bone marrow aspiration
specimens may provide an easy and reliable source for PCR analysis to
diagnose extrapulmonary tuberculosis [65].

Molecular techniques are the cornerstone for genetic testing. In the
diagnostic workup of FUO, those techniques should be restrained for
patients with suspected relapsing periodic fevers and others symptoms
indicative of AID [7]. Targeted next-generation sequencing (NGS panel)
has improved the diagnosis of patients with AID. For example, in two
studies evaluating patients with undifferentiated systemic auto-
inflammatory diseases (uSAID) the use of NGS panels assisted in iden-
tifying pathogenic and likely pathogenic mutations, previously not
detected with Sanger sequencing, in 4-32 % of cases [66,67]. However,
despite these high-throughput molecular techniques, a significant pro-
portion of clinically diagnosed AID still remains genetically uncharac-
terized. Moreover, somatic mutations may be undetected by standard
coverage of NGS and may require deeper sequencing analysis [68].

Given the potentially high cost of NGS for screening patients with
autoinflammatory disorders, “gene by gene” approaches, such as the
non-isotopic RNAse cleavage assay (NIRCA) to detect MEFV mutations,
may serve as a simple, fast and valuable tool for initial screening in
patients whose clinical phenotype is consistent with a specific mono-
genic periodic fever syndrome [69]. On the other hand, in patients
presenting with an atypical autoinflammatory clinical phenotype, ge-
netic variants typically classified as variants of uncertain significance or
benign (e.g. R202Q homozygosity in FMF) must be carefully evaluated
and interpreted in the appropriate clinical context [70,71].

4. Future perspectives in FUO diagnostics

Despite advances in diagnostics, no single biomarker or tool
currently offers sufficient accuracy to reliably differentiate between INF,
NIID and MAL causes of FUO [8,72]. Next, we discuss emerging diag-
nostic tools categorized by their primary utility in detecting INF and
NIID. Since this field is a subject of extensive ongoing research, a
detailed and exhaustive description falls beyond the scope of this
review.

4.1. Infectious diseases

4.1.1. Metagenomic NGS

Metagenomic NGS (mNGS) has emerged as one of the most prom-
ising diagnostic tools for identifying INF, the leading cause of FUO, and
is currently under active investigation for its role in the FUO diagnostic
workup [8].

A recent systematic review included nine studies, mostly retrospec-
tive, with only three meeting eligibility criteria for meta-analysis,
comprising 857 patients, 354 of whom had FUO [73]. mNGS was
applied to a range of specimens beyond blood, including bone marrow,
bronchoalveolar lavage, cerebrospinal fluid, pleural and purulent fluids,
and tissue samples. It demonstrated a pooled sensitivity of 91 %, spec-
ificity of 64 %, and a diagnostic odds ratio (DOR) of 17.0, compared to
conventional microbiology tests, showing 34 %, 90 %, and 4.7,
respectively.

A more recent study, evaluated the impact of plasma microbial cell-
free DNA NGS (mcfDNA-NGS) in a retrospective cohort of 176 adults
with FUO [74]. Among patients ultimately diagnosed with INF (n = 69),
mcfDNA-NGS added diagnostic value in 30 % of cases, mainly by
accelerating diagnosis, reducing the need for invasive procedures or
identifying fastidious pathogens that standard testing had missed (e.g.
Coxiella burnetii, Pneumocystis jirovecii). Its diagnostic yield was
higher in patients with comorbidities, leukopenia, or localizing features.
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Table 3
Metagenomic and microbial cell-free DNA next-generation sequencing for FUO
diagnostics.

Advantages Disadvantages Clinical application

e Broad pathogen
detection (fastidious
pathogens included)

e Highly sensitive (up to

e Moderate specificity
(64 %)

e False positive results
(resident flora/latent

o Investigational use

e Prospective validation
and cost-effectiveness
studies are needed

91 %) viruses)
e Reduces invasive e High cost
investigations e No threshold
standardization

As stated in both studies, however, the integration of mNGS/
mcfDNA-NGS into FUO diagnostics still holds challenges (Table 3).
False positives, often due to detection of resident flora or latent viral
reactivations (when the latter are considered unlikely to be causative of
FUO per se), may lead to diagnostic confusion or unnecessary treatment.
On the other hand, false negatives may result from prior antibiotic
exposure, RNA pathogens (when exclusively DNA-NGS is performed), or
inconsistent specimen types tested. The timing of the test within the
workup is also critical, as early testing maximizes its diagnostic impact,
whereas delayed use may reduce its impact. Additionally, the lack of
standardized thresholds limits comparability and clinical reliability.
Heterogeneity in FUO definitions across studies was addressed as
another issue that complicated their analysis [73,74]. In conclusion,
these studies highlight the need for prospective validation, diagnostic
stewardship, cautious interpretation of results and cost-effectiveness
analyses to deploy the full potential of mNGS and, at the same time,
avoid its pitfalls.

4.1.2. Other markers

Beyond mNGS technologies, interest has grown in more accessible
serum and plasma biomarkers to aid infection diagnosis.

A systematic review and meta-analysis assessed the diagnostic per-
formance of two biomarkers introduced in the past 15 years, presepsin
(soluble CD14 subtype) and mid-regional pro-adrenomedullin, for sepsis
diagnosis [75]. Presepsin showed a sensitivity of 0.86 and specificity of
0.79, while mid-regional pro-adrenomedullin had a sensitivity of 0.84
and a higher specificity of 0.86. Both outperformed conventional
markers, such as CRP (sensitivity 0.80, specificity 0.61) and procalci-
tonin (sensitivity 0.80, specificity 0.77). Presepsin appears to rise earlier
in infection than CRP or procalcitonin [76], whereas mid-regional
pro-adrenomedullin, less influenced by the type of pathogen, reflects
organ dysfunction and may offer broader diagnostic and prognostic
insight [77]. However, key limitations included inconsistent cut-off
values, effects of comorbidities (e.g. renal failure), non-infectious ele-
vations (e.g. burns, pancreatitis), and variability in study design and
sepsis definitions. The authors emphasized the need for larger pro-
spective studies and suggested that sequential measurements and
combining biomarkers could enhance clinical utility, particularly in
guiding antibiotic therapy.

4.2. Autoinflammatory diseases

AID comprise a heterogenous group of syndromes, inherited
(monogenic or polygenic) or acquired, with features of systemic sterile
inflammation, in the absence of autoantibodies or auto-reactive T-lym-
phocytes [78,79]. This group includes diseases characterized by dysre-
gulation of innate immunity, most of which are mediated by
interleukin-1 (IL-1) [78,79]. Nonetheless, despite the central role of
this cytokine in the initiation and perpetuation of inflammation, cu-
mulative research data indicate that circulating levels of IL-1 neither
reflect nor correlate with disease activity or the presence of flares [80].
This may be explained because the most bioactive IL-1f is bound to
extracellular DNA traps released during disease flares by activated
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neutrophils, a process called NETosis, a key pathogenetic mechanism in
autoinflammation [81-83].

4.2.1. IL-1p/DNA complex

Building upon this pathogenetic basis, our research team recently
developed an in-house ELISA-based method capable of detecting the
presence of IL-1B bound to extracellular DNA in patients plasma (IL-13/
DNA complex ELISA) [84]. The study enrolled a total number of 109
participants, including 25 healthy controls, 25 patients experiencing
flares of typical AID, such as FMF, cryopyrin-associated periodic syn-
drome (CAPS), AOSD and gout, 38 patients with acute bacterial infec-
tions/sepsis, and 21 patients with active autoimmune rheumatic
diseases. This fast and easy-to-perform assay was able to distinguish
IL-1-mediated AID from INF and autoimmune disorders with a sensi-
tivity of 92.0 %, specificity of 86.4 % and an AUC 0.922+0.042, at a
cut-off value >0.05 arbitrary units. Furthermore, levels of these com-
plexes may decrease following treatment and clinical remission, sug-
gesting that they could also serve as a tool for monitoring disease
activity [84]. These promising results highlight the need for larger,
multicenter validation studies. Further evaluation in other FUO etiol-
ogies, such as malignancies, is also warranted [85].

4.2.2. Other markers

IL-18 is a proinflammatory cytokine within the IL-1 family. In a
recent systematic review, IL-18 was highlighted as a potential biomarker
for distinguishing AOSD/systemic juvenile idiopathic arthritis (sJIA)
from other inflammatory conditions [86]. Across multiple studies, and
specifically in AOSD patients, serum IL-18 levels were consistently
higher than in patients with other febrile non-infectious diseases. Re-
ported sensitivity ranged 78-94 % and specificity 61-99 %, with AUC
values generally exceeding 0.85 [86].

Additionally, in a recent study, the role of IL-18 was assessed in 516
adult patients with AID such as FMF, mevalonate kinase deficiency
(MKD), CAPS, and uSAID [87]. The authors found significantly elevated
IL-18 levels in pyrin inflammasome-related diseases, with a diagnostic
cut-off of 412 pg/mL yielding a sensitivity and specificity of 83.4 % and
76.2 %, respectively. IL-18 levels showed poor correlation with con-
ventional markers like CRP and serum amyloid A (SAA), suggesting that
IL-18 may reflect a distinct pathway of inflammation more specific to
inflammasome activation. However, the study had significant limita-
tions stated by the authors. Treatment status and disease activity were
largely not known, longitudinal data were lacking and no comparisons
were made with other causes of FUO. Additionally, in other studies,
elevated IL-18 levels were also observed in a wide range of inflamma-
tory, infectious, and malignant conditions [88].

Calprotectin (also known as SI00A8/S100A9 protein heterocomplex
or MRP8/14) is an alarmin released by activated phagocytes during
several inflammatory processes. In adults, a study comparing patients
with AOSD to those with RA, primary Sjogren’s syndrome, SLE, osteo-
arthritis, and healthy controls demonstrated significantly higher serum
calprotectin levels in AOSD patients compared to all other groups. Using
a cut-off value of 45.5 ng/mL, calprotectin demonstrated a sensitivity of
63.0 % and a specificity of 80.1 % for distinguishing AOSD [89].
However, this study lacks comparisons with other causes of FUO, such as
infections and malignancies. Moreover, evidence suggests that calpro-
tectin levels may also be elevated in severe viral infections such as
COVID-19, thereby limiting its specificity as a biomarker for AOSD [90,
91].

While calprotectin is already referenced in recent EULAR/PReS
(including sJIA and AOSD) recommendations as part of the diagnostic
process, the lack of standardized cut-offs leaves its integration into
clinical guidelines an open question [37].

4.3. Other rare inflammatory diseases

Beyond IL-1-mediated autoinflammatory disorders, advances in
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molecular genetics have expanded the spectrum of autoinflammation to
include rare diseases caused by mutations in various genes regulating
innate immune pathways. Type I interferonopathies are characterized
by elevated type I interferon levels and persistent upregulation of
interferon-stimulated genes. They present with diverse inflammatory
phenotypes, often resembling lupus, and over 35 causative genotypes
have been identified [92]. Fabry’s disease, an X-linked lysosomal stor-
age disorder due to alpha galactosidase deficiency, may rarely present as
FUO, particularly when accompanied by neuropathic pain, angioker-
atomas, hypohidrosis, and renal or cardiac involvement. Its febrile ep-
isodes may be recurrent and self-limited and may undergo unrecognized
especially when other PDCs are not identified [93,94]. In addition to
inherited diseases, acquired (late-onset) forms can arise from somatic
mutations in the myeloid lineage, bridging autoinflammation and
myelodysplastic syndromes [95]. VEXAS syndrome (vacuoles, E1
enzyme, X-linked, autoinflammatory, somatic) is a prototypical example
of an adult-onset AID caused by somatic mutations in UBAI. It presents
with systemic inflammation, FUO, cytopenias and characteristic vacu-
oles in myeloid precursors. VEXAS should be considered in older males
with persistent inflammation and hematologic abnormalities, and
diagnosis often requires deep sequencing to detect the causative somatic
mutations [96].

Kikuchi disease, or histiocytic necrotizing lymphadenitis, is a
frequently overlooked cause of FUO/IUO of uncertain etiology, pri-
marily affecting young women. It typically presents with prolonged
fever and cervical lymphadenopathy. While generally self-limited,
recurrence occurs in up to 20 % of cases. Diagnosis is confirmed by
characteristic histopathological features on lymph node biopsy [97,98].

5. Empirical treatments

The use of empirical treatments, such as antibiotics and corticoste-
roids, remains a subject of ongoing debate in FUO management, espe-
cially since no randomized studies have yet assessed their impact on
patient outcomes. Real-world data suggest that spontaneous remission
occurs in a substantial proportion of undiagnosed FUO cases, however
this does not necessarily indicate a benign etiology. Prospective and
retrospective studies have reported remission rates of 43-47 % [21,99].
Although empirical treatments, including nonsteroidal
anti-inflammatory drugs (NSAIDs), corticosteroids, and immunosup-
pressants, have been reported to be effective in approximately
two-thirds of patients, their true benefit is difficult to be assessed due to
the high rate of spontaneous remission [99]. Latest recommendations
advise avoiding their use until a thorough diagnostic evaluation is
complete, as such therapies may obscure the underlying cause and/or
lead to adverse effects [7].

Nonetheless, empirical treatment is clearly indicated in specific,
high-risk scenarios, where delaying carries substantial risk [7].
Broad-spectrum antibiotics should be initiated immediately in high-risk
patients with suspected serious bacterial infections, sepsis or septic
shock, immunosuppression, or neutropenia, after appropriate cultures
have been obtained [7,100,101]. Additionally, empirical corticosteroid
treatment is essential when GCA is suspected to prevent irreversible
vision loss or other life-threatening vascular complications [102].
Similarly, in life-threatening hyperinflammatory conditions such as
macrophage activation syndrome (MAS) or secondary HLH, PDCs such
as hyperferritinemia, hypertriglyceridemia, low fibrinogen or cytope-
nias may guide immediate administration of high-dose corticosteroids
combined with biologics (anti-IL-1/anti-IL-6), ideally before cytokine
storm fully develops [38,103].

Beyond these acute situations, empirical therapeutic trials can serve
as diagnostic tools and facilitate earlier diagnosis in selected clinical
scenarios. Anti-tuberculosis regimen may be justified in suspected
tuberculosis cases, particularly in endemic regions and immunocom-
promised patients [21,104]. Similarly, initiating colchicine without
awaiting genetic confirmation is recommended when FMF is suspected
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in patients with recurrent inflammatory attacks [105]. However, clini-
cians should take into account that approximately 5-10 % of FMF pa-
tients may be resistant or intolerant to colchicine, necessitating IL-1
blockade with anakinra or canakinumab [106-108].

Focusing specifically on uSAID, a large cohort of 187 patients eval-
uated clinical features and treatment responses. Steroids demonstrated
at least partial effectiveness in 85 of 104 patients, colchicine in 29 of 49,
and anakinra, a recombinant human IL-1 receptor antagonist, in 8 of 13.
However, interpretation of these results should take into account the
retrospective nature of the study, the predominantly pediatric compo-
sition of the cohort despite some adult inclusion, and the absence of
standardized genetic testing across all patients [109].

Additionally, in the NIH Undiagnosed Diseases Program, 11 patients
with undiagnosed FUO suspected of AID were treated empirically. Non-
biologic therapies (e.g. colchicine, methotrexate) provided limited
benefit. Among biologics, anakinra led to improvement in 6 of 7 pa-
tients, while alternative agents (e.g. canakinumab, tocilizumab) were
also employed, with 10 of 11 patients ultimately achieving remission
[110].

Anakinra has also been explored as a diagnostic challenge in uSAID.
In a retrospective series of 11 uSAID patients, empirical treatments (e.g.
corticosteroids, DMARDs) proved ineffective to control symptoms.
Anakinra achieved inflammatory control in 9 out of 11 patients within
4-6 weeks, allowing sparing of other treatments. It was generally well
tolerated, supporting its potential role as both a diagnostic tool and
effective therapy, in cases where IL-1 dysregulation is the key patho-
physiological feature [111]. Beyond autoinflammation, IL-1 and/or
other cytokine-driven pathways may also be profoundly dysregulated in
MAS or secondary HLH, irrespective of the underlying etiology, as
characteristically demonstrated in severe COVID-19. In such contexts,
combined immunomodulatory strategies may be warranted to control
the hyperinflammatory response [38,112,113].

6. Concluding remarks and future directions

Despite the technological advances made in medicine over the past
years, FUO and IUO remain among the most challenging syndromes for
clinicians. Internists should serve as the cornerstone specialists in the
diagnostic workup of FUO/IUOQ, integrating all the available PDCs to
guide the diagnostic procedures and interpret important findings.
Empirical treatments, especially when guided by specific PDCs may
assist diagnosis (e.g. Fig. 2C), but should generally be withheld until
thorough evaluation, unless a life-threatening (e.g. MAS/HLH) or
potentially damaging condition (e.g. GCA) is suspected. At last, the
persistence of UI as the leading cause of FUO/IUO in high-income set-
tings, highlights the urgent need for better understanding disease
mechanisms and develop more precise, pathophysiology-based, diag-
nostic tools. A structured FUO/IUO diagnostic algorithm is presented in
Fig. 3, integrating established diagnostic practices with selected inves-
tigational strategies that reflect emerging perspectives. While some
components have not yet been fully validated as clinical decision aids,
they are included to highlight potential future directions in the di-
agnostics of this complex and evolving syndrome.
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