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Background: Fever of Unknown Origin (FUO) is broadly defined as a fever with an unidentified cause despite
a minimum set of diagnostic investigations. The variability of FUO etiologies across geographic areas, age
groups, and decades makes diagnosis challenging and complicates the adoption of a standardized diag-
nostic approach. Global warming and changing interactions between humans, animals, and the environ-
ment are contributing to the emergence and re-emergence of zoonotic infections. Emerging Vector-Borne

Ilfg ::‘ocr)?sl;nknown origin Disease (VBD) pathogens circulate in Northern Italy, but their prevalence and impact on febrile illnesses
Diagnosis remain poorly understood. This study investigated FUO epidemiology, diagnosis, and treatment in three
Antibiotic hospitals in Emilia-Romagna (northeastern Italy).

Methods: The medical records from 652 patients who were discharged with the International Classification
of Diseases, Ninth Revision (ICD-9) codes “780.6 Fever of unknown origin” and “087.9 Relapsing fever,
unspecified” between January 2017 and December 2023 were analysed. Results: Among patients discharged
with FUO between 2017 and 2023, the mean age was 58 years, and 45 % older than 65 years. Comorbidities
were present in 75%, and 26 % had active cancer. A diagnostic hypothesis was present in 32 % of cases.
Diagnostic tests were mainly laboratory-based; 5.9 % had confirmed infections. Antibiotics were used in
62 % of patients mostly penicillin/beta-lactamase inhibitors. FUO discharges peaked in summer.
Conclusion: Active hospital-based surveillance are crucial to deepen our current understanding on FUO
epidemiology and possible contribution of VBD pathogens while refining the use of antibiotics in the clinical
practice.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Vector borne diseases
Emerging diseases

Introduction

Fever of Unknown Origin (FUO) has a relevant impact on
healthcare systems, accounting for 2-2.9 % of hospital admissions in
previous studies from Italy [ 1]. FUO was firstly defined in 1961, when
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Petersdorf and Beeson [2], described as a condition fulfilling the
following criteria: 1) Fever lasting at least 3 weeks, 2) Temperature
higher than 38.3°C on several occasions, and 3) Uncertain diagnosis
after 1 week of in-hospital investigations. The first two criteria allow
the exclusion of acute and self-limited viral diseases, such as
common viral respiratory tract infections [3], and habitual hy-
perthermia [4,5]. As of today, FUO remains an enigmatic condition.
despite advanced diagnostic techniques [6,7]. Over the last 70 years,
the proportion of FUO conditions has risen in industrialized coun-
tries [8] with 7-53% undiagnosed patients [9]. The absence of a
universally accepted diagnostic algorithm for the differential
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Abbreviations

AUSL Azienda Unita Sanitaria Locale
AWaRe Access, Watch, Reserve

CMV Cytomegalovirus

COVID-19 Coronavirus Disease of 2019
EBV Epstein-Barr Virus

FUO Fever of Unknown Origin

HIV Human Immunodeficiency Virus

ICD-9 International Classification of Diseases, 9th revision
ID Infectious Disease

IM Internal Medicine

M Median

NIID Non-infectious Inflammatory Disease
PET/CT Positron Emission Tomography/Computed Tomography
RTI Respiratory Tract Infection

SD Standard Deviation

STI Sexually Transmitted Disease

TOSV Toscana Virus

USUV  Usutu Virus

UTI Urinary Tract Infection

VBD Vector-borne Disease

WHO World Health Organization

WNV West Nile Virus

diagnosis of FUO makes it challenging to identify its causes, often
leading to diagnostic failures due to the lack of a standardized pro-
tocol [4].

The most common causes of FUO can be grouped into 4 cate-
gories: infections, malignancies, non-infectious inflammatory dis-
eases (NIID) and miscellaneous causes [1]. While the number of
NIIDs has increased over the past decades|8]| particularly in Europe
[10-12], infections remain the most frequent cause of FUO on a
global scale, accounting for 37 % of cases, though the prevalence and
distribution of the infectious agents depend on the region of origin
[13]. NIIDs include collagen-vascular diseases (including auto-
immune conditions), vasculitis syndromes, and non-infectious
granulomatous conditions [13]. Malignancies are the third most
common cause of FUO, accounting for 15 % of cases [ 14/, though their
prevalence as FUO etiology has decreased due to advancements in
imaging techniques [15]. Returning travelers are a subset of FUO
patients in which malaria, typhoid fever, and acute HIV infections
are commonly recorded. Frequent etiologies are also tuberculosis,
visceral leishmaniasis, and hemorrhagic fevers [16]. Thus, travel
history, exposure to animals and insects, vector bites, contaminated
water and food consumption should be key components of the
anamnesis in FUO patients [17]. While vector-borne infections are
responsible for 20 % of FUO cases in low-income countries|16], little
is known about their prevalence among undiagnosed FUO patients
in Europe, and no studies have analyzed seasonal trends in FUO
admissions. However, most cases of undiagnosed FUO are self-re-
solving and could be attributable to a “self-limited prolonged viral
infection” [18]. Some viral febrile-neurologic diseases such as West
Nile Virus (WNV), Toscana virus (TOSV), and Usutu virus (USUV) are
already endemic in Italy. The objective of this study was to in-
vestigate the epidemiology, diagnostic strategies and therapeutic
approaches, of FUO’s patients through a retrospective analysis of
discharges from infectious diseases and internal medicine wards of 3
different hospitals of the Emilia-Romagna region (north-eastern
Italy).

Methods
Data collection

Demographic, clinical, and laboratory data were collected from
patient medical records during the study period. For each case, the
following information was retrieved: age, sex, geographic origin,
number of hospital transfers, admission and discharge wards, length
of hospital stay, number of admissions (single or multiple for the
same diagnosis), discharge diagnosis, mortality, diagnostic workup,
and therapeutic protocol. Patients were stratified into two age
groups: 18-64 years and 265 years. Diagnostic investigations in-
cluded molecular, culture-based, and serological tests aimed at
identifying potential infectious etiologies. Specifically, data were
gathered on the presence or absence of vector-borne diseases, septic

conditions, inflammatory markers, PET/CT imaging, and histo-
pathological examinations. An electronic database was created using
Microsoft Excel to archive all demographic and clinical information.
The database is stored on the Azienda Unita Sanitaria Locale (AUSL)
Romagna institutional server, protected by a password with access
restricted to the principal investigator and authorized members of
the research team who hold the necessary credentials.

Case definition

A multicentric, retrospective, observational study was conducted
by the Microbiology Unit AUSL Romagna. Enrolled patients were
aged 18 years or older and had been discharged between January
2017 and December 2023 with the International Classification of
Diseases, Ninth Revision (ICD-9) codes “780.6 Fever of unknown
origin” and “087.9 Relapsing fever, unspecified” from the Internal
Medicine wards of Forli-Cesena Hospital and the Infectious Diseases
wards of Forli-Cesena, Rimini, and Ravenna Hospitals. Eligible pa-
tients had been hospitalized for more than one week with recurrent
fever > 38.3°C or for a duration exceeding 21 days. Data on age, sex,
place of origin, number of transfers among wards, admission and
discharge wards, length of hospitalization, mortality, comorbidities,
risk factors, and diagnostic and therapeutic protocols were collected
from clinical records of patients.

Inclusion and exclusion criteria

Patients aged over 18 years included in this study were hospi-
talized for more than one week with recurrent fever >38.3°C, or
with fever lasting more than 21 days. Eligibility required that pa-
tients had been informed about the study and had provided written
informed consent (Prot. 2219/2024 1.5/199). Following consent, cases
were retrospectively identified through the review of medical re-
cords. Exclusion criteria included patients under 18 years of age,
those diagnosed with FUO in the context of neutropenia or im-
munosuppressive conditions (e.g., HIV-positive patients or trans-
plant recipients). Pregnant women and patients with nosocomial
FUO were also excluded from the study.

Statistical analysis

Descriptive statistics were employed to portray selected variables
using frequency distribution, percentage, and frequency tables for
qualitative variables and mean, median, standard deviation, and
range for quantitative variables. The normality of quantitative vari-
ables was assessed using the Shapiro-Wilk test. Depending on the
distribution of the data, group comparisons were performed using
either parametric tests (t-test) or non-parametric tests (Wilcoxon
rank-sum test or Kruskal-Wallis test). Differences between qualita-
tive variables were analyzed using Pearson’s Chi-squared test (p-
value < 0.5). Association plots of standardized residuals were used to
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visualize relationships, including only variables with more than 10
cases. All statistical analyses and Figures were performed using R
software v. 4.4.1 (R Core Team, 2024. R: A Language and Environment
for Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria. https://www.R-project.org/). Data manipulation was
conducted with the dplyr, tidyr, lubridate, and reshape2 packages;
correlation analysis was facilitated by corrplot, enabling intuitive
interpretation of variable relationships.

Ethical considerations

The study named FUOR 2024 was approved by the Ethics
Committee of Romagna (Comitato Etico della Romagna, CEROM,
Italia) under Protocol 2219/2024 1.5/199, and the research was con-
ducted following the ethical guidelines of the 1975 Declaration of
Helsinki. Signed informed consents were regularly collected from
the patients involved in the study and data sheets were encoded to
ensure the anonymity of patient’s data.

Results
Demographic characteristics and epidemiology

Of the 716 patients discharged between January 2017 and
December 2023 with the ICD-9 codes “780.6 Fever of unknown
origin” and “087.9 Relapsing fever, unspecified” and meeting the
inclusion criteria, n =652 provided consent and were thus included
in the study.

The age of the study population ranged from 18 to 99 years, with
a mean age of 58.0 years (SD = 20.2). Overall, 55 % of patients aged
between 18 and 64 years old, and 45 % of patients were older than 65
years. The population consisted of 59% males and 41% females.
Hospitalization lengths are summarized in Table 1.

In total, 75 % of patients had at least one comorbidity, and 26 % of
patients had an ongoing active neoplasia. Forli-Cesena internal
medicine wards patients had a higher probability of having co-
morbidities (92 %, * (1) =44.64, p < .001) or active cancer (36%, y°
(1) =10.06, p=0.002) with respect to those from the infectious
diseases’ wards of the same province. A diagnostic hypothesis was
present at discharge in 32 % of patients with no significant differ-
ences among age groups and gender was found. FUO discharges
were significantly higher during the summer months (May-October)
compared to winter months (November-April), both in the infectious
diseases’ wards (z=-2.16, p=0.03) and in the internal medicine
wards (z=-4.09, p < 0.001). The seasonal trends of FUO admissions
are illustrated in Fig. 1. Exposure to risk factors (Table 2) was re-
ported in 207 medical records (32 %).
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A comparison of all febrile syndromes across the Infectious
Diseases wards of the three hospitals (Fig. 2) reveals a decline in the
number of diagnosed febrile syndromes during 2020, 2021, and
2022. Notably, the number of FUO cases represents a higher pro-
portion of total discharges compared to other febrile conditions
during all the considered timeframes.

Clinical presentation and diagnostic strategies

Constitutional symptoms were the most reported (24 % of pa-
tients), followed by gastrointestinal (19 %), respiratory (17 %), neu-
rological (16 %), musculoskeletal (14 %), dermatological (10 %), other
symptoms (9%), urinary (8%), and ophthalmological symptoms
(1 %). With regards to clinical presentation, no additional complaints
besides fever were reported by 32 % of patients. Due to the routine
screening during the COVID-19 pandemic, the use of molecular tests
significantly increased, rising from 19 % in 2019 to 79 % in 2020 and
2021, 63% in 2022, and 50% in 2023. To reduce potential bias,
COVID-19 molecular tests were excluded from the overall analysis.
Among all diagnostic tests, laboratory tests including hematological
tests, biochemical tests, and urinalysis were the most common (49 %
of all diagnostic tests), followed by microbiological serology (18 %),
imaging (14 %), and microbiological culture (9 %). Viral aetiology was
the most common diagnostic hypothesis, suspected in 8.0 % of pa-
tients. The second most frequent diagnostic hypothesis was urinary
tract infection (UTI), in 5.5% of cases, followed by respiratory tract
infections (2.6%), neoplastic or paraneoplastic etiology (2.5%),
pericarditis or endocarditis (1.6%), and rheumatologic disease
(1.5%). Overall, 39 out of the 652 patients (5.9 %) had at least one
positive test indicating an active infection. Of the positive tests, 32/
652 (5.1 %) were bacterial infections, 8/652 (1.2 %) were viral infec-
tions, and 1 was a parasitic infection. The most frequent positive
result was from urine cultures (n = 13). Of those, 2 were positive for
E. coli, one for P. mirabilis, one for E. faecium, one for E. faecalis, and
one for K. pneumoniae; the remaining 7 were not specified. In five
cases, urinary tract infection was the proposed diagnosis; in others,
no hypothesis was recorded, or fever wasn’t linked to urinary bac-
teria. Fig. 3 shows the pathogen testing frequency across wards.
Positive associations were found between recent travel and tests for
malaria, arbovirus, and STIs. Contact with animals, rural living, and
arthropod bites were negatively linked to arbovirus testing but po-
sitively associated with zoonotic bacteria tests. Insect bites corre-
lated positively with parasite testing (Fig. 4).

Treatment

Table 3 shows the drug classes used to treat FUO patients. Among
those who received antibiotics, 34 % were cancer patients, in fact a

Table 1
Number of patients meeting FUO criteria and definitions.
Characteristic Overall IM Forli-Cesena ID Forli-Cesena ID Ravenna ID Rimini
N=652 N=146 N=82 N=129 N=295
Days of hospitalization, mean+ SD 6.6 + 4.8 76 +54 63 + 42 81+63 5634
Fever duration, n (%)
< 3 weeks 300 (75) 42 (71) 31 (62) 64 (74) 163 (80)
>3 weeks 101 (25) 17 (29) 19 (38) 23 (26) 42 (20)
Unknown 251 87 32 42 90
Peak temperature, n (%)
<38.3°C 96 (37) 19 (40) 9 (23) 22 (39) 46 (40)
>38.3°C 165 (63) 29 (60) 31(78) 35 (61) 70 (60)
Unknown 391 98 42 72 179
Petersdorf-Beeson criteria, n (%) 21 (8.0) 4(8.3) 6 (15) 6 (11) 5(4.3)
Unknown 391 98 42 72 179
Durack-Street criteria, n (%) 37 (14) 6 (13) 12 (30) 7 (12) 12 (10)
Unknown 391 98 42 72 179

IM =Internal Medicine; ID = Infectious Diseases.
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Fig. 1. Seasonal trends of FUO admissions. The trend for the Infectious Diseases ward is shown in charcoal gray, while the Internal Medicine ward is represented in glaucous gray.

The summer periods are highlighted in light gray.

Table 2
Exposure history and seasonal distribution of risk factors in FUO patients.
Exposure history N =652 Summer  Winter
N=390" N=262"
Travel, environmental, and animal exposure, n (%)
Recent travels abroad 37 (5.7) 21 (57) 16 (43)
Contact with animals/lives in rural area 15 (2.3) 9 (60) 6 (40)
Arthropod bite/contact 14 (2.1) 12 (86) 2 (14)
Recent outdoors activities 4(0.6) 3(75) 1(25)
Flood responder 1(0.2) 1 (100) 0(0)
Raw fish consumption 1(0.2) 1 (100) 0(0)

Occupational exposure, n (%)

Works in meat industry 1(0.2) 1 (100) 0(0)

Works in port area 1(0.2) 1 (100) 0(0)
Medical history, procedures, and device use, n (%)

Chemotherapy 52 (8.0) 35 (67) 17 (33)

Febrile neutropenia 35(5.4) 23 (66) 12 (34)

Recent surgery or other invasive 25 (3.8) 14 (56) 11 (44)

procedures

Recent infection or hospitalization 19 (2.9) 14 (74) 5(26)

Others 21 (3.2) 14 (67) 7 (33)
Behavioral and social exposure, n (%)

Unprotected sex (0.2) 1 (100) 0(0)

EV substance use 1(0.2) 0(0) 1 (100)

2 Row-relative frequency.

significant association was found between being a cancer patient
and receiving antibiotics (y* (1) =36.08, p < 0.001).

The duration of hospitalization in patients who received anti-
biotics (M (days) = 7.3, SD = 4.9) was higher than that of patients who
didn’t (M (days) =5.5, SD =4.4). Wilcoxon rank sum test revealed a
significant difference in mean days of hospitalization between age
groups (z=-3.14, p=0.002), with older patients more likely to be
hospitalized for longer periods. A significant relationship was found
between age and antibiotic administration (x* (1) = 13.75, p < 0.001).
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Fig. 2. Comparison of febrile neurological syndromes. Diagnoses from 2017 to 2023 in
the Infectious Diseases wards of the hospitals included in this study (FC, RI, RA).

Patients aged 65 or older are more likely to receive antibiotics (70 %)
compared to younger patients (55 %). The most frequently used an-
timicrobial class was penicillin/beta-lactamase inhibitors, which
were administered to 33% of patients. This is followed by third-
generation cephalosporins, used in 19% of patients, and fluor-
oquinolones, used in 7.5 % of patients. UTI was positively associated
to third-generation cephalosporins (37 %) and sulfonamides (5.6 %).
Respiratory tract infections (RTIs) were also associated with multiple
antibiotics, but the strongest relationship was found with macro-
lides. Among the other hypotheses, the strongest associations were
found between neoplastic or paraneoplastic origin, carbapenems,
and penicillin-beta lactamase inhibitors, as well as rheumatologic
diseases and penicillin-beta lactamase inhibitors, among others.
Overall, 67 % of patients who received an antibiotic did not have a
diagnostic hypothesis.
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Fig. 3. Relative frequencies of pathogens tested in FUO patients. Tests have been
categorized as: arboviruses, enteric bacteria, exanthemous viruses, fungi, hepatitis
viruses, herpes viruses, mycobacteria, other bacteria (e.g., S. pyogenes, group A. strep-
tococci), other viruses (e.g., Adenovirus, Enterovirus), parasites (e.g., T. gondii,
Leishmania spp., Strongyloides spp., E. histolytica, Echinococcus spp., Schistosoma spp.
malaria plasmodia and stool parasites), respiratory bacteria, respiratory viruses,
agents of sexually transmitted diseases (STIs) and zoonotic bacteria (e.g., Bartonella
spp., Brucella spp., R. rickettsii/typhi, F. tularensis, C. burnetii, Leptospira spp., Borrelia
spp.). ID =Infectious Disease ward; IM = Internal Medicine ward.

Discussion

This study demonstrated that most patients discharged as “Fever
of unknown Origin” were not compatible with previous definitions,
in fact 75% of cases the duration of fever was lower than 3 weeks
with a median duration of 9 days. The one week of hospitalization,
required to meet Petersdorf and Beeson'’s criteria, reflects the time
needed in the ‘60s to complete basic investigations [19]. In high-
income countries, rapid diagnostic testing (a few hours to days) and
the short duration of most fevers likely explain the low number of
cases matching the 1967 criteria. A 2022 review [20] suggested that
although FUO definitions can be debated, its primary characteristics
include an unidentified fever etiology despite conducting a
minimum set of investigations, and a sufficiently prolonged fever
duration to exclude self-limiting causes. The shorter duration of
fever observed in most patients in our cohort suggests that some
cases may be attributable to acute infections.

The mean age of FUO patients was 58 years, with 55 % of patients
in the 18-64 age group. This aligns with findings from a similar
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study by Nicolotti et al. [4], where 55 % of patients were in the same
age category. The average duration of hospitalization was higher in
elderly (265 years old) at 7.2 days compared to younger patients
(18-64 years old) at 6.1 days, which also reflects the findings pre-
vious findings [4]. Average hospitalization days were highest in pa-
tients treated with antibiotics, with elderly patients more likely to
receive antibiotics. These findings are likely to be interrelated, as in
elderly patients with FUO and deteriorating health conditions, a
cycle of 10-14 days of broad-spectrum antibiotics is recommended
after diagnostic studies have been completed [7]. As expected, the
average age and the proportion of patients with comorbidities were
higher in the internal medicine ward, whose patients are typically
older and multimorbid [21]. Of the patients treated with antibiotics,
34 % were diagnosed with cancer and 8 % had febrile neutropenia.
This is consistent with guidelines recommending immediate empiric
antibiotic treatment for febrile neutropenic patients [22,23]. Because
70% of febrile neutropenia episodes respond to the initial empirical
antibiotics, most of the fever episodes in neutropenic patients are
classified as FUO as their infectious etiology remains unknown [24].

Antibiotics were used in 62 % of patients and the most used
molecules were penicillin/beta-lactamase inhibitors (33% of pa-
tients) and third-generation cephalosporins (19 % of patients). The
use of antibiotics in our cohort seems lower than what reported from
the literature of most low and medium-income countries [6,25-28]
but higher than that reported in European studies [1,4,5,9,12,16]. Our
data showed that 8 % of antibiotics were administered also in cases
where a non-infectious etiology was suspected, and in 48 % of pa-
tients in which FUO was attributed to a possible viral infection with
a positive association with third-generation cephalosporins and
tetracyclines.

According to the AWaRe (Access, Watch, Reserve) classification
introduced by the WHO in 2017, most third-generation cephalos-
porins are categorized as 'Watch’ antibiotics, which have a higher
risk of promoting resistance and should be reserved for specific,
limited infectious syndromes [29]. However, their use in this cohort
was widespread and, in most cases, not supported by micro-
biological evidence.

Blood cultures were performed in 74% of patients and urine
cultures in 58 %. This is consistent with other studies [30], where
blood cultures were performed on 86.6 % of patients. Although blood
cultures are essential for detecting bacterial infections, only 3 cases
were positive in this study. This aligns with previous findings [31],
suggesting that cultures should be based on potential diagnostic
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Fig. 4. Risk factors and pathogen associations. Association plot showing Pearson’s chi-squared test residuals between common risk factors and pathogens (x2(78) =225.38,
p < .001). Positive residuals (purple) indicate a positive association, while negative residuals (yellow) indicate a negative association.
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Table 3
Drug classes used to treat FUO patients.

Journal of Infection and Public Health 18 (2025) 102824

Drug class, n (%) Overall N=652 IM Forli-Cesena N = 146 ID Forli-Cesena N =82 ID Ravenna N=129 ID Rimini N=295
Antibiotics 401 (62) 109 (75) 49 (60) 74 (57) 169 (57)
Paracetamol 276 (42) 86 (59) 61 (74) 52 (40) 77 (26)
Glucocorticoid 103 (16) 17 (12) 10 (12) 14 (11) 62 (21)
NSAIDs 48 (7.4) 10 (6.8) 13 (16) 12 (9.3) 13 (4.4)
Opioids 24 (3.7) 4(2.7) 6 (7.3) 4(31) 10 (3.4)
Antiviral therapy 23 (3.5) 1(0.7) 4(4.9) 9 (7.0) 9(3.1)
Combined analgesics 12 (1.8) 0(0) 6(7.3) 0(0) 6 (2.0)
Other drug class 14 (2.1) 2 (1.4) 2(24) 3(2.3) 7(2.4)
Antihistamine 7(1.1) 1(0.7) 0(0) 3(2.3) 3(1.0)
Anti gout 5(0.8) 1(0.7) 2 (24) 0 (0) 2 (0.7)
Anticholinergic 1(0.2) 0(0) 0(0) 0(0) 1(0.3)
Antiprotozoal 1(0.2) 0(0) 0(0) 0(0) 1(0.3)

IM = Internal Medicine; ID = Infectious Diseases.

clues rather than used as a screening practice in FUO patients.
Among the diagnostic hypotheses, the most common are viral in-
fection, urinary tract infection, respiratory tract infection, and fever
of neoplastic or paraneoplastic etiology.

Most tested pathogens were herpes viruses (mainly CMV and
EBV), zoonotic bacteria (Borrelia and Brucella spp.), and respiratory
bacteria. Arbovirus testing was conducted in 4.6 % of patients. The
infectious nature of most hypotheses aligns with the fact that in-
fections are still the main cause of FUO on a global scale [32].

Among patients with suspected viral etiology, the majority (40 %)
were discharged from the internal medicine wards of Forli-Cesena,
the province with the highest incidence of arboviral infections.
Another 35% of these patients were discharged from Rimini, a
hospital where fewer patients were tested or diagnosed with arbo-
viral infections, possibly suggesting that testing for arboviruses may
not be commonly practiced in the absence of associated neurological
symptoms. The number of patients discharged in the summer
months was found to be significantly higher than that of admitted in
the winter months. Fig. 2 evidenced a decline in patients diagnosed
with FUOs from 2020 to 2022, this may align with the COVID-19
pandemic time when diagnostic efforts were primarily targeted to
this disease leading to a potential underestimation of other condi-
tions. The similarity of COVID-19 with some febrile syndromes,
combined with the pressure on healthcare systems, may have af-
fected accurate diagnosis and management [33,34]. To the Authors’
knowledge, there are no other studies that assessed the seasonal
trend of FUO cases, except for an Armenian study evaluating the
seasonal pattern of FUO attributed to brucellosis [27]. Summer
months correspond to the peak activity period of arthropods such as
mosquitoes and sandflies and our data may highlight the possible
correlation between FUO and Vector-Borne Diseases. The clinical
symptoms of VBDs are typically categorized into four primary syn-
dromes: isolated fever or fever accompanied by rash and arthralgia,
neurological symptoms, and/or hemorrhagic symptoms [35]. The
arboviruses such as West Nile virus, Usutu virus and Toscana virus,
known to be circulating in the study area, most often present with
fever, headaches, rash, arthromyalgia, and gastrointestinal dis-
turbances[36]. In our patient cohort, the majority reported fever
without additional symptoms. When patients present symptoms of
encephalitis or meningitis, arboviruses and other vector-borne dis-
eases, such as leishmaniasis or tick-borne fever, are likely to be
tested, as they are also found in the area, thus nowadays established
in its differential diagnosis [37]. On the other hand, when patients
present with isolated fever or fever with mild symptoms, which is
the most common presentation of patients in this study, their testing
is probably less likely to take place. Given that VBDs circulation in
the study areas is supported by a consistent number of diagnoses,
particularly during the peak months of FUO admissions, it is plau-
sible that some of the self-limiting febrile illnesses were also caused
by arboviruses and other VBDs, which were not tested due to their

mild presentation and lack of severe neurological disease. In fact,
between 2017 and 2023, 277 patients were discharged from hospi-
tals of Romagna with confirmed vector-borne diseases. Of these, 191
cases occurred between May and October (Fig. 2). Overall, only 11 %
of the medical records reported risk factors (Table 2). A total of 5.7 %
of patients reported recent travel abroad, with travelers constituting
50 % of those tested for arboviral infections. Guidelines recommend
inquiring about exposure to unclean water, unpasteurized dairy,
insect and animal bites, and specific activities when managing fever
in returning travelers. Due to climate changes, formerly defined
tropical arboviral diseases are increasingly likely to occur in Europe,
suggesting that these risk factors should also be assessed in patients
residing in endemic areas. Beyond recent travel abroad, potential
risk factors for arboviral infections, such as animal contact, rural
living, and arthropod bites, are rarely addressing arboviral testing
despite being relevant. Evaluating these risk factors might guide
targeted testing thereby facilitating the diagnostic process to avoid
unnecessary diagnostics and guide the therapeutic approach. En-
tomological surveillance carried out in the study area detected
lesser-known arboviruses, including Tahyna and Fermo viruses
[38,39]. Fermo virus’s pathogenicity in humans remains unclear, but
it's found in domestic animals in Northern Italy. Tahyna virus,
widespread in Europe, can mildly affect health but has been linked
to central nervous system impairment. These viruses are not yet part
of current diagnostic panels, making it difficult to gauge their true
impact in patients.

This retrospective study examined FUO cases across four wards,
revealing many patients did not meet traditional FUO criteria, with
fevers often lasting less than three weeks. Increased FUO cases in
summer, and short fever durations lead to suspect unspecified viral
infections not yet included in the routine diagnostic panels. For more
than 20 years, the Emilia-Romagna region has adopted a one-health
approach to the surveillance of some VBDs that became endemic.
The active West Nile disease surveillance led to the identification of
Orthobunyavirus and Phlebovirus species and the integrated
Leishmania surveillance allowed the identification of several arbo-
viruses that may play a role in some of the identified FUOs. Our
results suggest the need to integrate the vector-borne diagnostic
panels and confirm the importance of syndromic surveillance as an
early warning system. This proactive approach could bridge existing
gaps in surveillance, ensure better patients’ outcomes, and guide
effective public health responses to emerging arboviral threats while
fighting antibiotic resistance.

Limitations of the study

This study has some limitations, primarily related to its retro-
spective design. Data were obtained from medical records, which in
some cases were incomplete or lacked essential clinical information,
potentially leading to gaps in patient histories. Furthermore,
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obtaining informed consent from all eligible participants was chal-
lenging due to organizational constraints that affected the timely
coordination of consent procedures. The inclusion of cancer patients
may also introduce bias, as these individuals are often im-
munocompromised and follow distinct clinical pathways, which
could influence the presentation, diagnostic approach, and man-
agement of fever of unknown origin compared to the general po-
pulation.
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