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Fever of unknown origin remains a diagnostic frontier, with research predominantly focused on the underlying disease spectrum. 
However, this focus largely overlooked issues between previous diagnostic criteria—the “quantitative” or “qualitative” definitions— 
and the critical role of evaluating the patient. This review synthesizes mounting evidence that the qualitative criteria are a central, yet 
underappreciated, driver of an effective and efficient clinical evaluation process for the ambulatory adult immunocompetent 
population. With input from infectious disease physicians, rheumatologists, and oncologists with expertise in this area, we chart 
the complex landscape of this widely recognized and potentially devastating condition, revealing key recommendations from a 
modified Delphi consensus panel and the Society of Nuclear Medicine and Molecular Imaging that offer changes beyond earlier 
definitions and management. By recentering the conversation around this updated approach, we argue for a paradigm shift for 
modern clinical practice and future research.

Keywords. fever; fever of unknown origin; inflammation; pyrexia; pyrexia of unknown origin.

Received 16 September 2025; accepted 17 December 2025
aA. B., V. S., C. M. M.-M., P. G. A., and C. P. R. contributed equally to this work.
bThis faculty member served as the senior most level guiding faculty author.

Correspondence: W. F. Wright, Division of Infectious Diseases, Department of Medicine, 
Johns Hopkins University School of Medicine, 733 North Broadway, Baltimore, MD 21205 
(wwrigh19@jhmi.edu); P. G. Auwaerter, Division of Infectious Diseases, Department of 
Medicine, Johns Hopkins University School of Medicine, 725 North Wolfe Street, Baltimore, 
MD 21205 (pauwaert@jhmi.edu).

Clinical Infectious Diseases® 2026;82(6):909–26 
© The Author(s) 2026. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution- 
NonCommercial-NoDerivs licence (https://creativecommons.org/licenses/by-nc-nd/4.0/), which 
permits non-commercial reproduction and distribution of the work, in any medium, provided 
the original work is not altered or transformed in any way, and that the work is properly cited. 
For commercial re-use, please contact reprints@oup.com for reprints and translation rights for 
reprints. All other permissions can be obtained through our RightsLink service via the 
Permissions link on the article page on our site—for further information please contact journal
s.permissions@oup.com.
https://doi.org/10.1093/cid/ciag158

Fever of unknown origin (FUO), also known as pyrexia of un
known origin or fever of undetermined origin, remains a wide
ly recognized and sometimes debilitating clinical condition 
encountered globally [1, 2]. While the incidence remains un
certain, prevalence ranged from 2.0 to 2.9% among 2 retrospec
tive cohort studies from Japan and Italy that included 9830 
hospitalized patients meeting the classic FUO criteria [3, 4]. 
Despite the paucity of epidemiologic data, particularly for 
Africa and the Americas in this century, regular encounters 

among patients with prolonged fevers occur among clinicians 
at all levels of the healthcare system in both community hospi
tals and university referral centers [5–10].

This condition continues to rank among the most challeng
ing for clinicians because there has previously been no uniform 
criteria that patients must meet, no universally accepted evalu
ation method, and no agreement on a standardized classifica
tion for associated diseases [6–8]. Additionally, the 
prevalence of reported underlying associated diseases differs 
among age groups [2], geographical location [8–10], country- 
level gross national income per capita (GNI) [2, 11], fever pat
tern and duration [10], prospective or retrospective study de
sign [2, 8, 11], differences in applied defining criteria [2], and 
geographic variation in healthcare services utilization over 
time [8].

Given certain subspecialist, such as infectious diseases, rheu
matology, and oncology, may be tasked with evaluating these 
patients, this review aims to highlight recent advances and pro
vide an evidence-based and practical approach to the evalua
tion and management of this complex clinical problem. Due 
to the underlying disease spectrum of prolonged unexplained 
fevers in children, adolescents, and immunocompromised 
adults, discussion is limited to immunocompetent adults with 
prolonged unexplained febrile conditions (ie, classic FUO) 
[6, 12]. In the many areas where data are lacking, expert opin
ion is provided.
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DIAGNOSTIC CRITERIA

From 1907 to 1961, clinicians in the United States described pa
tients with prolonged perplexing fevers with various tempera
ture thresholds, fever durations, and intensities of evaluation 
[13–15]. The first formal definition to gain broad acceptance 
was a prospective study conducted at Yale University from 
1952 to 1957 by Paul Beeson with Robert Petersdorf studying 
100 consecutive patients satisfying 3 prerequisites: “fever higher 
than 101.0°F (38.3°C) on several occasions, illnesses of more than 
three weeks duration, and diagnosis uncertain after one week of 
study in hospital” [16]. Although the original 1961 definition 
has evolved (Table 1) [6, 10–16], a recent Delphi-generated 
consensus-based recommendation offers a definition adapted 
for modern clinical practice and future research [12]. These 

new criteria require more than 3 weeks fever (≥38.3°C 
[100.9°F] on >3 occasions) without explanation, despite com
pleting a set of minimal standard diagnostic tests in an immu
nocompetent adult patient [12]. Experts strongly recommend 
that both researchers and clinicians use this new set of criteria, 
as it would improve comparability among future studies and 
assist in evaluating their patients [12].

DIFFERENTIAL DIAGNOSIS

Classification of Associated Conditions

Historical studies classified associated etiologies by infection 
type [13], as either established or unestablished diagnoses 
[14], low- or high-grade fever [15], and infections or malignant 
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tumors [15]. Later categories added collagen-vascular disorders, 
hypersensitivity states, autoimmune diseases, miscellaneous 
conditions, factitious fevers, or no diagnosis [16, 17, 21, 22]. 
In 1995, researchers from the Netherlands introduced the non
infectious inflammatory diseases category that replaces the indi
vidual categories of collagen-based disorders, vasculitis, and 
autoimmune diseases [23]. While some researchers recently 
proposed an updated classification scheme that would align 
with the current understanding of disease mechanisms and in
ternational classification of diseases (ICD), the recent Delphi 
consensus recommends modern studies use 5 diagnostic disease 
categories to classify causes—infections, noninfectious inflam
matory disorders, oncologic diseases, miscellaneous conditions, 
and undiagnosed illnesses [7, 12].

Recent meta-analyses have demonstrated that disease cate
gory proportions vary according to geographic location, 
country income classification, and applied FUO criteria 
[2, 7–11, 24, 25]. For example, a 2019 systematic review as
sessing 18 case series across 4 geographic regions (Europe, 
Far East, Middle East, and Southern Asia) with 3164 partici
pants [2] reported higher proportions of infections among 
studies using Petersdorf and Beeson’s criteria [16] and low
er/upper middle-income countries in Southern Asia and Far 
East Asia as compared to high-income countries in Europe 
where noninfectious inflammatory disorders were more 
frequent. A 2023 retrospective study [1] involving 21 coun
tries of differing economic status in Europe, Eastern 
Mediterranean, and Southeast Asia with 788 participants re
ported 51.6% of causes were due to infections (Figure 1). 
Additionally, a 2024 meta-analysis of 16 prospective studies 

reported a relative increase of 15.3% (95% CI: 2.3–28.3%, P  
= .021) in undiagnosed FUO proportions among studies 
that employed a qualitative criteria (ie, a specific minimal 
set of investigations must be performed before rendering the 
diagnosis of classic FUO) compared to 11 quantitative studies 
(ie, solely time-based) reporting 19.7% (95% CI: 6.0–33.4%, P  
= .005) more in adjusted infectious disease proportions [25]. 
This difference emphasizes the importance of using the new 
Delphi-generated criteria to provide a framework to aid in a 
clinical diagnosis, prevent premature application of FUO diag
noses due to varied evaluations in resource-limited settings, 
improve diagnostic stewardship, and achieve a relatively ho
mogeneous disease population so multiple studies and popula
tions can be compared or combined for research settings [12]. 
Use of these new criteria would also reduce the risk of overes
timating the infectious diseases category associated with previ
ous time-based criteria [12, 16, 17, 25].

Common and Uncommon Contemporary Causes

The most important concept learned from this condition is that 
most patients are not suffering from unusual or rare diseases; in
stead, they more likely exhibit atypical manifestations of common 
illnesses [7–11, 16–19, 24, 26–29]. Additional lessons are that 
causes vary by age group and geographic location [2, 9, 10, 30]. 
For example, one recent Southeast Asian hospital-based prospec
tive observational study involving 51 consecutive patients aged 60 
years and above reported infections and neoplasms contributed to 
72.6% of cases when compared to previous European series and 
individuals less than age 60 years [26]. Although this condition 
has a wide differential diagnosis, common and uncommon 

Table 1. Evolution of Fever of Unknown Origin Definitions

Publication 
[Ref, Year] Diagnostic Criteria

Petersdorf and 
Beeson 
[16, 1961]

Illness of more than three weeks’ (wks) duration, fever higher than 101°F (38.3°C) on several occasions, and diagnosis uncertain after one 
week of study in hospital.

Durack and Streeta

[17, 1991]
Fever ≥38.0°C, >3 wks illness and diagnosis uncertain after >2 outpatient visits or 3 days in hospital.

De Kleijn et ala,b,c

[18, 19, 1997]
Fever higher than 100.9°F (38.3°C) on several occasions, illness of more than 3 wks, and diagnosis uncertain after completing a minimal 

set of investigationsc in the hospital or outpatient clinic in an immunocompetent patient.

Wright et ala,b

[20, 2021]
Fever higher than 100.4°F (38.0°C) on several occasions, illness of more than 3 wks, and diagnosis uncertain after completing a minimal 

set of investigations in the hospital or outpatient clinic in an immunocompetent patient.

Delphi panela,d

[12, 2024]
Fever higher than 100.9°F (38.3°C) on several occasions, illness of more than 3 wks, and diagnosis uncertain after completing a minimal 

set of investigations in the hospital or outpatient clinic in an immunocompetent patient.
aImmunocompromised patients were excluded from the definitions of classic fever of unknown origin among these studies. Criteria used to define an immunocompromised patient include 
neutropenia (neutrophil count <0.5 × 109/L) for at least 1 wk within 3 months prior to the start of the fever, receive immunosuppressive medications because of solid organ or hematologic 
stem cell transplant, known hypogammaglobulinemia, use of 10 mg prednisone or equivalent for 2 wks or more within 3 months prior to the onset of fever, uncontrolled human 
immunodeficiency virus (HIV) infection (CD4 < 200 cells/microliter), or patients who receive biologic therapies (eg, antitumor necrosis factor or other monoclonal antibodies).
bFever of 38.3°C (100.9°F) or higher on at least 3 occasions was suggested. However, others suggested using 38.0°C as the threshold for fever of unknown origin as this is considered the 
standard clinical upper level of normal for either rectal or tympanic body temperature measurements.
cMinimal set of investigations occurred in 2 phases based upon the presence or absence of potential diagnostic clues. Blood cultures incubating for more than 1 week were suggested.
dThe standard minimum set of investigations includes the following components: (1) laboratory tests—complete blood count (CBC) including differential, comprehensive metabolic panel 
(CMP) including calcium and liver function tests, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), ferritin, thyroid-stimulating hormone (TSH), rheumatoid factor (RF), 
antineutrophil cytoplasmic antibodies (ANCA), and antinuclear antibodies (ANA); (2) microbiology tests—blood cultures (minimal 3 sets with spacing and incubation of 5 d), urinalysis with 
reflex to urine culture (minimal 1 set), human immunodeficiency virus (HIV) 1/2 screening, and tuberculin skin test or interferon-gamma release assay; and (3) imaging tests—must 
include both abdomen ultrasonography and posteroanterior-lateral view chest plain-film or chest/abdominal/pelvic computed tomography (CT).

Contemporary Ambulatory Approach to Adult FUO • CID 2026:82 (15 June) • 911

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/82/6/909/8726777 by guest on 08 July 2026



underlying contemporary causes to these categories by geograph
ical region are listed in Figure 2 [9, 10].

Among 19 prospective studies with a total of 2667 patients 
and 832 infections, Mycobacterium tuberculosis complex 
(Mtb) was most commonly reported within 4 of 6 World 
Health Organization geographic regions (34.3%); no studies 
were available for Africa or the Americas [9]. Other reported 
infections included brucellosis (9.7%), endocarditis (7.5%), 
abscesses (7.3%), herpesvirus (eg, cytomegalovirus and 
Epstein–Barr virus) infections (7.2%), pneumonia (6.5%), low
er and upper urinary tract infections (6.5%), and enteric fever 
(4.8%) [9]. Additionally, in this meta-analysis, infections were 
more likely from studies performed in Southeastern Asia 
(pooled proportion, 0.49 [95% CI, .43–.55]) than from 
Europe (pooled proportion, 0.31 [95% CI, .22–.41]) [9].

Of noninfectious inflammatory disorders from this same 
meta-analysis, 42 (7.4%) were noninfectious granulomatous 
conditions, 58 (10.2%) were vasculitides, and 195 (34.3%) 
were autoimmune and autoinflammatory disorders (defined 
in previous studies as collagen-vascular diseases) [10]. 
European studies generated more data in this category 
(69.2%) compared to other regions with the combined data 
from other countries (30.8%). Participants with collagen- 
vascular diseases were primarily diagnosed with Adult-onset 
Still disease (58.5%), systemic lupus erythematosus (26.7%), 
and polymyalgia rheumatica (5.6%) [10]. Eastern 
Mediterranean cohorts had more systemic lupus 
erythematosus cases recorded than any other region [10]. In 
this same composite, 68.9% of patients with vasculitis syn
drome had giant cell arteritis, whereas the majority of the non
infectious granulomatous disease subset (61.9%) had 
sarcoidosis [10].

Another recent systematic review with meta-analysis encom
passing 67 studies with 16 790 cases published between 2002 
and 2021 reported that Adult-onset Still disease (22.8%), 
giant cell arteritis (11.4%), and systemic lupus erythemato
sus (11.1%) were the most frequent noninfectious inflammato
ry disorders [11]. The proportion of noninfectious 
inflammatory disorders was significantly higher in high- 
income countries (25.9% [95% CI 21.5–30.8%]) versus 
middle-income countries (19.5% [95% CI 16.7–22.7%]) and 
with a longer febrile duration and greater number of symptoms 
(0.011 [95% CI .003–.021]; P & .01) [11].

Hematologic malignancies predominated (57.9%) among 
oncology-associated diseases from a 2022 meta-analysis 
[10]. Rates were higher among European (41.9%) and 
Southeast Asia studies (35.9%). Lymphomas accounted for 
the highest number of cases (70.1%), followed by leukemias 
(25.2%), multiple myeloma (3.4%), and myelodysplastic dis
ease (1.3%) [10]. Finally, the most common miscellaneous 
conditions identified in this meta-analysis included drug fever 
(18.4%), thyroid disease (16.5%), habitual hyperthermia 
(10.7%), venous thromboembolism (2.9%), Addison disease 
(1.9%), and Dressler syndrome (1.9%) [10]. Thyroid diseases 
occurred across all geographical regions. Kikuchi disease pre
sented an increased pattern across Western Pacific and 
Southeast Asian regions [10].

DIAGNOSTIC APPROACH

Multidisciplinary Approach

Given the diversity of causes and challenges associated with ex
trapolating existing algorithms for an individual patient, a sci
entific basis for evaluating patients after they fulfill FUO criteria 

Figure 1. Proportions of associated disease categories among 21 countries of differing economic status with 788 participants [1]. Adapted from Erdem H, Baymakova M, 
Alkan S, et al. Classical fever of unknown origin in 21 countries with different economic development: an international ID-IRI study. Eur J Clin Microbiol Infect Dis 
2023;42:387–98.
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has been lacking [8, 12, 30]. To fill this gap, a recent Delphi 
consensus panel brought a consensus approach for evaluating 
patients with suspected FUO (Figure 3) [12, 30]. Fever of un
known origin is a complex condition best assessed and man
aged, if feasible, by experienced clinicians often coordinating 
a multidisciplinary approach. Ideally for diagnostic efficiency, 
this could include specialists with expertise in diagnostic pa
thology and laboratory medicine, infectious diseases, internal 
medicine, oncology, and rheumatology as necessary. Experts 
in radiological interventions and surgical procedural manage
ment could also be involved, particularly in cases needing inva
sive procedures and biopsies to establish an underlying 
diagnosis.

History and Physical Examination

While a history of rigors and shaking chills tends to be more 
commonly described in infectious etiologies, some suggest un
intentional weight loss and early anorexia have been associated 
with oncologic disorders [31]. However, these features are non
specific and should be interpreted in the broader clinical con
text. Therefore, a thorough history and physical examination 
serves as the foundation of evaluation and can be significant 
in determining the choice of all further investigations 
[16, 30]. Special consideration must be given to a patient’s 

geographic location and social history, encompassing exposure 
to pets, other animals, unusual foods, work environment, and 
recent interactions with individuals exhibiting similar symp
toms or possible disease carriers [30]. Delphi consensus panel 
experts recently recommended incorporating travel history 
[12].

The past medical history should be thoroughly assessed for 
previous febrile illnesses, recent infections, or new conditions 
like lymphoma and rheumatic fever, as well as any intraabdo
minal disorders that could explain the source of the fever 
[30]. The family history should be scrutinized for ethnic back
ground and possible hereditary causes of fever (ie, Familial 
Mediterranean fever). A complete list of the patient’s medica
tions and their duration of use is required for evaluation as po
tential sources [30]. Finally, the diagnostic effectiveness of 
physical examination findings alone in assessing FUO lacks suf
ficient study for concrete evidence-based recommendations. 
Yet, it is self-evident that a careful clinical examination is key 
to evaluating these patients.

Verification of Fever and Fever Patterns

Clinicians have endeavored to diagnose diseases by analyzing 
associated fever (ie, a measured body temperature ≥38.3°C 
[100.9°F]) patterns since the earliest days of clinical 

Figure 2. Contemporary causes based on World Health Organization geographic regions among 19 prospective studies involving 2667 patients [9, 10]. Given the lack of 
contemporary prospective studies, the regions of Africa and the Americas have no data. Urinary tract infections include both lower and upper tract infections. Viral infections 
include herpes viruses (eg, Epstein–Barr virus [EBV]; cytomegalovirus [CMV]) and other chronic viral infections (eg, hepatitis C virus [HCV]). Abbreviations: INF, infections; MIS, 
miscellaneous causes; NIID, noninfectious inflammatory diseases; ONC, oncologic conditions.
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thermometry [16–19, 21, 22, 32, 33]. While a few such as the 
well-known periodicity of tertian and quartan malaria, 
Pel-Ebstein pattern seen in some Hodgkin disease, typhus in
versus (normal diurnal pattern reversal) in some disseminated 
tuberculosis, and pulse-temperature disassociation sometimes 
seen in typhoid fever, have been posited as having diagnostic 
value. However, these and other fevers patterns (remittent, in
termittent, hectic, quotidian, picket fence, sustained, and sad
dleback) are unfortunately rarely observed and insufficient as 
sole identifiers of any disease [11, 32]. Furthermore, liberal 
use of antipyretic therapy renders fever patterns less interpret
able and use of nonsteroidal anti-inflammatory drugs, the na
proxen test, to differentiate neoplastic from nonneoplastic 
fevers lacks diagnostic value [34]. Finally, based on recent ob
servational data, fevers present more often as a continuous 
(daily or nearly daily) prolonged pattern [10, 27, 28].

Although fever patterns alone are rarely diagnostically sug
gestive, they can occasionally provide useful information and 
should be considered in conjunction with other symptoms, 
signs, and laboratory data [10, 11, 27, 28, 32]. For example, sev
eral prospective and retrospective studies have shown that ep
isodic fevers, at least 2 episodes of fever with fever-free intervals 
of at least 2 weeks not related to therapies, are often associated 
with causes that remain uncertain [10, 27, 28]. Patients with re
current fevers in one study had a higher rate of undiagnosed 

illness (47.6–50.0%) after evaluations compared to patients 
with a continuous fever (20.0–25.9%) [10]. Finally, the resolu
tion of fever after the institution of a disease-specific therapy 
(eg, empirical therapy for suspected tuberculosis) sometimes 
may provide sufficient evidence to support a presumptive diag
nosis [30, 32].

Delphi consensus experts recommended the following: (1) 
clinicians should objectively verify fevers in the setting of 
patients without symptoms or signs of an underlying illness 
(eg, anemia of chronic illness, and/or elevated inflammatory 
markers such as erythrocyte sedimentation rate [ESR] and 
C-reactive protein [CRP]) before subjecting anyone to an ex
tensive clinical evaluation, and (2) exclude factitious fevers 
[12, 33]. Taking into consideration the diurnal nature of tem
perature, morning nadir (6–8 AM) and late afternoon peak 
(4–6 PM), clinicians should also instruct such patients without 
objective findings to keep a daily temperature log for fevers 
>38.3°C (>100.9°F), the site of measurement, and instrument 
used [11, 12]. Characteristics more likely to be associated 
with factitious fever include markedly elevated temperatures 
(>41.1°C [106.0°F]), discrepancy between simultaneous oral 
and rectal temperatures, lack of diurnal temperature variation, 
rapid defervescence, absence of tachycardia, disparity between 
the physical examination and temperature recording, and a his
tory of other factitious illnesses (eg, Munchausen syndrome) 

Figure 3. Systematic stepwise approach to suspected fever of unknown origin patient based upon the 2024 Delphi-generated recommendations [30]. Adapted from Wright 
WF, Durso SC, Forry C, Rovers CP. Fever of unknown origin. BMJ 2025;388: e080847.
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[12, 32]. To improve scientific and clinical communication in 
clinical investigations, experts recommend that researchers 
and clinicians specify the anatomical region of temperature 
measurement, the instrument utilized for detection, and the fe
ver diagnosis threshold [12, 33]. While there is no agreed-upon 
anatomical site or instrument, contact thermometers placed on 
the forehead or in the mouth, ear, axilla, or rectum have tradi
tionally been used to monitor patients’ temperatures [33]. 
Therefore, it is important to document the site of measurement 
since temperature varies depending on the body site [33]. 
Readings obtained with non-contact infrared thermometers, 
which measure surface temperature (generally the mid- 
forehead), are influenced by numerous human, environmental, 
and equipment variables, all of which can affect their accuracy, 
reproducibility, and relationship with core temperature [35].

Minimal Laboratory Investigations and Potential Diagnostic Clues

Studies directly comparing the components of the current min
imal laboratory investigations defining a patient as FUO are 
lacking [36]. While the recent Delphi consensus [12] did not 
advocate the use of these inclusionary criteria per se, the ques
tion of which components should be used in this role remains 
unanswered [35]. However, the importance of Mtb as a major 
cause of FUO and leading infection worldwide is noteworthy 
and bears out that regardless of geography, disease from this 
pathogen remains a prime consideration in this population 
[1–4, 9, 13–16, 21, 26, 30, 32]. Furthermore, a recent meta- 
analysis of 19 prospective studies published between 1997 
and 2021 with 2667 total cases, Mtb predominated across all 
geographic regions (n = 285 [34.3%]) among infections [9]. 
Therefore, we recommend screening with either a tuberculin 
skin test or interferon-gamma release assay as an important 
minimal component of an FUO investigation [12]. If available, 
the interferon-gamma release assays were preferred over tuber
culin skin testing by Delphi panel members as they deliver 
objective results unaffected by reader variability, can be per
formed in one visit, and are not influenced by prior Bacillus 
Calmette–Guerin vaccination or exposure to most nontubercu
lous mycobacteria (exceptions include M. kansasii, M. mari
num, and M. szulgai) [12]. Clinicians should also remember 
that a negative Mtb screening test does not exclude infection, 
and positive results in low-prevalence settings are more likely 
to be false-positive than in higher-prevalence settings.

While episodes of fever are commonplace with undiag
nosed primary HIV infection, they rarely last longer than 3 
weeks and infection often eludes diagnosis because the illness 
is subclinical or nonspecific, mimicking a routine flu-like pic
ture [32, 37, 38]. And although the true prevalence of individ
uals with undiagnosed HIV in this population has not been 
fully established, some studies have reported the range of 
FUO-associated primary HIV among those who have been 
tested is 1.4–5.3% [9, 38]. Given the timely diagnosis of HIV 

is also a public health priority and that screening and testing 
for individuals with epidemiological risk factors for acquisi
tion and indicator conditions, regardless of any demographic 
or behavioral risk assessment, is important to the goal of elim
inating HIV transmission, we would agree that screening also 
represents an important FUO minimal component investiga
tion [39, 40]. Finally, for a FUO patient who is newly diag
nosed with HIV-associated acquired immunodeficiency 
syndrome (AIDS), the fever may likely be caused by an under
lying opportunistic infection or malignancy.

Despite the use of specific minimal laboratory and culture in
vestigations as FUO criteria, results of additional post- 
diagnostic laboratory testing, including cultures and serology, 
in several studies have yielded a diagnosis in approximately 
one-fourth of cases [9, 11, 28, 29, 41]. For example, 2 recent 
meta-analyses of 85 prospective and retrospective studies pub
lished between 1997 and 2021, with 19 390 total cases reported, 
the most useful tests have been serology for microbial patho
gens (eg, Cytomegalovirus, Epstein–Barr virus, Leishmania, 
and Yersinia species) [9] and autoimmune disorders (eg, sys
temic lupus erythematosus) [11]. Examination of blood smears 
has occasionally been diagnostic in some case series, detecting 
malaria, tick-borne, and/or louse-borne relapsing fevers [9].

A practical point for clinicians is to evaluate the presence of 
potential diagnostic clues (PDCs) prior to the use of additional 
laboratory studies (Table 2) [5, 6, 18, 19, 30, 32]. Potential di
agnostic clues represent the harnessing of possibly useful as
pects of the history, physical examination, laboratory studies, 
and/or imaging tests to direct next steps. For example, an en
larged axillary lymph node leading to a biopsy helps focus 
what can be an extraordinarily broad differential diagnosis 
[5, 6, 18, 19, 30, 32]. Expectations need tempering as an individ
ual PDC may only yield a diagnosis in approximately 20% [32]. 
Studies have varied on PDC payoffs ranging as high as 
62% from a prospective study by De Kleijn and colleagues 
[18, 19] of 167 patients meeting classic FUO criteria, while 
Bleeker-Rovers and colleagues [29] reported that an average 
of 15 PDCs were noted per patient, only 19% of which contrib
uted to the diagnosis. A sobering 81% of PDCs were misleading 
in this series, a percentage substantially higher than that report
ed by De Kleijn and colleagues [18, 19], of which 48% of PDCs 
were misleading. Even though following such clues may lead to 
dead ends, it is still the most crucial strategy for determining 
the source of FUO.

Molecular Diagnostics

Modern culture systems have become proficient at recovering 
certain fastidious bacteria (eg, Brucella species, HACEK organ
isms) which often provide the diagnosis promptly before the 
3-week time period required to fulfill FUO criteria [9]. Thus, 
likely due to the relative rarity of such pathogens among 
FUO series, the advent of enhanced microbiologic culture 
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systems has paradoxically had less impact on the proportion of 
successful diagnoses than anticipated [9]. Molecular diagnostic 
techniques, therefore, may overcome these and other draw
backs to modern conventional culture-based testing such as re
duced sensitivity with empirical antibiotic use and inability to 
culture fastidious microorganisms in commercial systems (eg, 
Bartonella species, Tropheryma whipplei) [12, 30, 42, 43]. 
One of these techniques, next-generation sequencing, entails 
the objective sequencing of genetic material in a specimen 
[42]. Other approaches include broad-range or 
pathogen-specific PCR assays that target the 16S or 18S ribo
somal RNA gene for bacteria, D1-D2 region of ribosomal 
DNA, internal transcribed spacer, and other regions of bacteri
al and fungal genomes [42].

One recent systematic review involving 8 studies published 
from 2000 to 2020 reported 13 of 24 (54.2%) molecular assays 
helped reach a final infection diagnosis [42]. While not a genuine 
FUO study, a recent single-center 2-year retrospective study with 
149 febrile patients analyzed within 3-days from admission with 
metagenomic next-generation sequencing methods on samples 
of blood, bone marrow, bronchoalveolar lavage fluid, sputum, 
or secretions detected 190 pathogens (including fastidious/non
culturable pathogens such as Brucella melitensis, Leishmania do
novani, and Mtb) compared to 73 detected by traditional 
microbiology methods [43]. These methods are not yet first-line 
testing and should be reserved for patients who remain with un
explained fevers due to suspected infections despite a specialist 
evaluation, given our limited knowledge base and barriers to 
this expensive technology [12]. Notable barriers to this technol
ogy, particularly next-generation sequencing, include availabili
ty, high cost, consideration of sequencing depth, need for 
nonculture-based validation methods, and difficulty distinguish
ing pathogenic from colonizing microorganisms (ie, high sensi
tivity with potential for low specificity) [42–44].

Imaging

The advancement of imaging and biomarker analysis techniques, 
such as computed tomography (CT), magnetic resonance im
aging (MRI) with either whole body or diffusion-weighted 
protocols, and 18F-fluorodeoxyglucose–positron emission to
mography (18FDG-PET/CT), provides opportunities to identi
fy focal inflammatory or infectious processes, particularly when 
CT scans alone are not rewarding [20, 44–48]. Computed to
mography of the abdomen and, to a lesser extent, ultrasound 
imaging of the gallbladder and hepatobiliary system have 
been used extensively to evaluate cases [18, 19, 29]. However, 
false-negative CT studies have occasionally been encountered, 
or are expected, in cases of abscesses, giant cell arteritis, or in
filtrating malignancies in solid organs because of distortions of 
normal anatomy, small lesion size, or failure to use both oral 
and intravenous contrast agents [29]. Among the commonly 
employed diagnostic imaging methods, a multicenter 

prospective study [29] involving 73 patients reported diagnos
tic sensitivity of 60% for plain-film chest radiography, 82% for 
chest CT, 86% for abdominal ultrasound, and 92% for abdom
inal CT. Transthoracic echocardiography in 2 prospective stud
ies [18, 19, 29] involving 457 patients found it useful in only 13 
of 258 (5.0%) tests but should be pursued with cardiac disease 
PDCs (eg, suspected pericarditis or heart valve abnormality).

Whole-body MRI had a diagnostic yield of 71% and changed 
management in nearly 50% of cases compared with conventional 
imaging tests [46]. Furthermore, application of diffusion- 
weighted MRI is beneficial for evaluating the central nervous sys
tem and within the abdomen, the spleen, and lymph nodes [49]. 
In a series of 67 patients undergoing FUO evaluation, Wagner 
and colleagues [49] reported that the application of MRI to the 
aortic arch and proximal cervical arteries in selected patients im
proved the diagnosis of large vessel vasculitis by 20%. The most 
common diseases diagnosed by this testing modality were giant 
cell arteritis (55%), Takayasu arteritis (27%), granulomatosis 
with polyangiitis (9%), and microscopic polyangiitis (9%). In an
other series involving 119 consecutive patients with CRP levels 
over 5 mg/L, other signs of inflammation (ie, fatigue, muscle 
pain, arthralgia, and night sweats), and/or more than 3 weeks 
of fever ≥38.3°C [100.9°F] on >3 occasions, 18FDG-PET with 
MRI offered a reliable radiation-reduced option for diagnosing 
suspected noninfectious inflammatory conditions such as 
Adult-onset Still disease or large vessel vasculitis with or without 
signs of polymyalgia rheumatica [50]. However, until further 
data becomes available, MRI combined with 18FDG-PET is con
sidered exploratory for FUO patients.

The first guideline with criteria for the use of nuclear medi
cine for adult FUO was recently published [30, 47]. Pooled data 
from this guideline and several other meta-analyses [20, 30] 
demonstrate diagnostic yields of 84.0–98.0% for 18FDG-PET/ 
CT. 18FDG-PET/CT enabled detection and localization of hy
permetabolic lesions with high sensitivity because of 18F-FDG 
uptake in glycolytically active cells may represent inflamma
tion, infection, or neoplasia [20, 30, 44–48]. Notably, patients 
with either infection or malignancy benefited more from 
18FDG-PET/CT than those with noninfectious inflammatory 
disorders [30, 47]. One exception is that 18FDG-PET/CT is 
very useful for detecting mural inflammation or luminal chang
es of intracranial and extracranial arteries in patients with giant 
cell arteritis, a large vessel vasculitis commonly associated with 
polymyalgia rheumatica [11, 30, 51]. Additionally, a negative 
18FDG-PET/CT result has correlated with spontaneous remis
sion of fevers that were approximately 6 times higher (RR = 5.6; 
95% CI: 3.4–9.2; P < .001) than patients with positive results 
[30, 52]. These findings suggest that 18FDG-PET/CT imaging 
could be performed earlier in the evaluation process (ie, after 
a patient fulfills FUO defining criteria) and also could provide 
prognostic information if negative, particularly when other less 
costly investigations have been exhausted and when scans are 

922 • CID 2026:82 (15 June) • Wright et al

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/82/6/909/8726777 by guest on 08 July 2026



used among patients with unintentional weight loss of at least 
5.0% over the previous 6 months and anemia (eg, hemoglobin 
<10.7 g/L) [20, 47].

Two recent publications report significant diagnostic contri
butions of 18FDG-PET/CT, particularly compared to 
chest-abdomen-pelvis CT that may represent a cost-effective 
strategy in both defining and evaluating FUO patients 
[53, 54]. However, there are no rigorous studies directly com
paring 18FDG-PET/CT to the currently recommended minimal 
imaging investigations that define FUO patients [12, 35]. 
Therefore, until further data becomes available, there was 
strong consensus agreement among Delphi consensus experts 
[12] to use 18FDG-PET/CT only after patients fulfill all the cri
teria of the updated FUO definition. Limited access in some 
geographical locations and costs of performing scans present 
significant barriers to using 18FDG PET-CT compared to plain 
film, ultrasound, or conventional CT [36].

Invasive Procedures and Biopsies

In most published series, histopathologic examination of 
tissues obtained by invasive procedures gave the final an
swer in fewer than half of cases. Still, it should be considered 
when the cause of fever remains unidentified in the presence 
of a PDC (eg, lymph node or pleural biopsy in a suspected 
case of tuberculosis with pleural effusion) [4, 32, 55, 56]. 
An average of 2 or 3, sometimes even more, separate biop
sies may be required to establish a diagnosis [4]. In a recent 
retrospective study of 100 patients by Mete and associates 
[53], invasive procedures were performed in 79% of patients 
with a diagnostic benefit obtained in 49% of cases. Biopsies 
were the most common invasive procedure, yielding a diag
nosis in 42% of cases. The diagnostic contribution of lapa
roscopy and laparotomy was most helpful in patients 
with carcinomatosis, solid cancers not approachable by oth
er means, lymphomas, and disseminated tuberculosis 
[55, 56].

Bone marrow and liver biopsies are potentially worthwhile 
alternative techniques for diagnosing prolonged fevers in im
munocompetent patients, particularly if there are liver enzyme 
abnormalities, anemia (ie, hemoglobin <11 g/dL), and/or 
thrombocytopenia (ie, <150 × 103/µL) [18, 19, 29, 31, 57]. In 
the series from de Kleijn and colleagues [18, 19], bone marrow 
biopsies enabled a diagnosis in 9 (18.4%, n = 49) cases of hema
tologic malignancies. In the same series, liver biopsy enabled 
diagnoses in 3 (8.8%, n = 34) cases (ie, adenocarcinoma, dis
seminated cryptococcosis, and granulomatous hepatitis). 
Bleeker-Rovers and colleagues [29] reported that bone-marrow 
biopsies were helpful in 2 (10.5%, n = 19) cases of malignancies, 
and liver biopsy was helpful in 1 (14.3%, n = 7) case of persis
tent yersiniosis. In a recent retrospective series of 130 FUO cas
es by Hot and colleagues [57], bone marrow biopsy enabled a 
diagnosis in 31 patients (23.8%) with malignant hematological 

diseases diagnosed in 25 cases (80.6%), infectious diseases in 3 
cases (9.6%), systemic mastocytosis in 2 cases (6.5%), and idio
pathic disseminated granulomatosis in 1 case (3.3%). 
Pathological examination of the bone marrow sample was the 
sole diagnostic tool in 23 observations.

THERAPEUTIC APPROACH

Although data from several observational studies [5, 29, 58] 
have illustrated the effectiveness of empirical therapy initiated 
in expert referral centers for unexplained FUO, a fundamental 
principle of FUO management is that therapy should be with
held whenever possible until the cause has been determined so 
treatment can be tailored to a specific diagnosis. Delphi panel 
experts recommended empiric therapeutic trials (eg, antimi
crobials, corticosteroids, and/or anti-inflammatory agents) 
should be reserved for very few patients in whom all other ap
proaches have failed or those so seriously ill that therapy cannot 
be withheld for a further period of observation [12]. Important 
exceptions in which treatment should not be withheld include 
suspected temporal arteritis to prevent vascular complications 
such as blindness or stroke, hemodynamically unstable im
munocompetent patients, fevers among newly discovered 
immunocompromised or neutropenic patients, and where tu
berculosis is highly prevalent and suspected but cannot be 
confirmed after performing appropriate tests [30].

PROGNOSIS AND SPONTANEOUS RESOLUTION

Prognosis is based on the underlying disease or disorder, with 
the worst prognoses occurring in older individuals and those 
with malignant neoplasms [4, 16, 18, 19, 21, 29, 32, 58–60]. 
Diagnostic delay also affects the prognosis adversely, particu
larly in intra-abdominal infections and miliary tuberculosis 
[32, 58, 59]. However, and in general, patients who remain un
diagnosed after an extensive evaluation tend to have a favorable 
outcome [4, 16, 32, 58, 59].

In older series, a mortality rate of 12–35% has been reported 
for FUO-associated diseases [4, 16, 21, 59]. For example, in a 
series of 91 patients undergoing evaluation, Mansueto and col
leagues [4] described 29 patients (31.8%) who were discharged 
without a diagnosis and followed for 48 months. Although a de
finitive diagnosis was established in 8 cases, 4 patients (13.7%) 
died because of noninfectious complications related to previ
ously unrecognized primary neoplastic conditions. In a more 
recent analysis among 436 immunocompetent adults present
ing with FUO between 2000 and 2010, Vanderschueren and 
colleagues [60] reported a mortality rate of 6.9%. Although ma
lignancy accounted for 11% of FUO cases, it carried a dispro
portionately higher fatality rate (60%) among patients with 
non-Hodgkin lymphoma [58]. Fatality rates were <6% among 
other categories.

Contemporary Ambulatory Approach to Adult FUO • CID 2026:82 (15 June) • 923

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/82/6/909/8726777 by guest on 08 July 2026



Spontaneous resolution, with or without an eventual diag
nosis, has been reported in as many as 75% of patients 
[18, 19, 29, 58]. Bleeker-Rovers and colleagues [29] reported 
spontaneous resolution in 21 of 37 patients after a median 
follow-up of 12 months and empirical treatment with non
steroidal anti-inflammatory agents or corticosteroids. In a 
recent questionnaire-based cohort study of 131 unexplained 
FUO patients followed for a median duration of 60 months 
(range, 0–177 months), spontaneous resolution occurred in 
47.3% [58]. Mortality for this cohort was 6.9% and unrelated 
to febrile diseases.

Efforts have also been made to track outcomes and deter
mine whether referrals for a second opinion to an expert center 
are delivering higher quality services and improved outcomes 
[5]. In a retrospective cohort study of 236 FUO patients re
ferred to an expert center, Mulders-Manders and colleagues 
[5] reported a total positive yield with diagnoses and 
treatment-initiated resolution of fever in 68.2% of cases evalu
ated using a standardized diagnostic protocol with early access 
to specialized diagnostic methods (eg, 18FDG-PET/CT). 
Among patients who remained undiagnosed, the authors re
ported a favorable prognosis. Mortality for this cohort was 
2.1% and unrelated to the febrile diseases.

PATIENT COUNSELING AND FOLLOW-UP 
CONSIDERATIONS

Patient education and a longitudinal care plan are crucial for 
evaluating outcomes. Close monitoring of clinical changes is 
necessary, and patients should be informed about potential ad
verse effects from empirical treatments. Contingency plans 
must be in place to manage these effects or switch therapies 
as needed. Additionally, ongoing management of existing con
ditions is of utmost importance.

OTHER SIMILAR SYNDROMES

Fever of unknown origin and inflammation of unknown origin 
(IUO) are closely related conditions that share similar diagnos
tic criteria and underlying etiologies [12, 27, 28, 61]. In 2009, 
Vanderschueren and colleagues [60] defined IUO as a condi
tion lasting longer than 3 weeks without high-grade fevers 
(ie, temperatures less than 100.9°F [38.3°C]), CRP levels greater 
than 30 mg/L, and/or ESR greater than age/2 in males (or [age 
+10]/2 in females) on more than 3 occasions, with no diagnosis 
despite appropriate investigations after at least 3 outpatient vis
its or at least 3 days in the hospital. Delphi panel experts recom
mended the same diagnostic approaches used in FUO can be 
applied to IUO and that clinicians and researchers use the 
same standardized set of 5 diagnostic disease categories when 
classifying associated causes [12].

CONCLUSION

Diagnosing the underlying cause of FUO is often complex, as pa
tients typically present with atypical symptoms of common dis
eases rather than rare conditions. Utilizing Delphi-generated 
consensus FUO criteria can help define the patient population 
and improve diagnostic processes, facilitating future compari
sons in research. Key elements in FUO evaluations include con
sidering geographical disease prevalence and conducting 
thorough history and physical examinations to identify potential 
diagnostic clues. 18FDG-PET/CT aids in localizing inflamma
tion, infection, or neoplasia that are not evident in initial tests. 
A personalized clinician approach, informed by findings and 
the patient’s therapy tolerance, is essential. Effective manage
ment typically requires a coordinated, multidisciplinary strategy 
to ensure optimal evaluation and accurate diagnosis for targeted 
treatment.
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