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Abstract

Fever of unknown origin (FUQO) is a serious challenge for physicians. The aim of the present study was to consider epide-
miology and dynamics of FUO in countries with different economic development. The data of FUO patients hospitalized/
followed between 1st July 2016 and 1st July 2021 were collected retrospectively and submitted from referral centers in 21
countries through ID-IRI clinical research platform. The countries were categorized into developing (low-income (LI) and
lower middle-income (LMI) economies) and developed countries (upper middle-income (UMI) and high-income (HI) econo-
mies). This research included 788 patients. FUO diagnoses were as follows: infections (51.6%; n=407), neoplasms (11.4%,
n=90), collagen vascular disorders (9.3%, n="73), undiagnosed (20.1%, n=158), miscellaneous diseases (7.7%, n=60).
The most common infections were tuberculosis (n =45, 5.7%), brucellosis (n =39, 4.9%), rickettsiosis (n =23, 2.9%), HIV
infection (n =20, 2.5%), and typhoid fever (n=13, 1.6%). Cardiovascular infections (n =56, 7.1%) were the most common
infectious syndromes. Only collagen vascular disorders were reported significantly more from developed countries (RR=2.00,
95% CI: 1.19-3.38). FUO had similar characteristics in LI/LMI and UMI/HI countries including the portion of undiagnosed
cases (OR, 95% CI; 0.87 (0.65-1.15)), death attributed to FUO (RR=0.87, 95% CI: 0.65-1.15, p-value =0.3355), and the
mean duration until diagnosis (p =0.9663). Various aspects of FUO cannot be determined by the economic development
solely. Other development indices can be considered in future analyses. Physicians in different countries should be equally
prepared for FUO patients.
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Introduction

>< Hakan Erdem o ) o ) )
Fever of unknown origin (FUO) is a clinical and diagnostic

challenge in routine medical practice and the potential causes
of FUO may involve more than 200 diseases [1, 2]. Apart
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from diarrheal diseases, respiratory infections, and skin
lesions, FUO is one of the most common health problems
in travelers [3, 4]. In 1961, Petersdorf and Beeson published
the first fundamental research on FUO. In 1991, Durack and
Street revised previous definition of FUO and suggested that
the diagnostic period should be as short as three days with the
improving diagnostic capacities of the hospitals [5].

Although there are economic inequalities, social and
political tensions around the world, lifesaving technologies
have improved the diagnostic capacity greatly. There has
been an increase in the life expectancy leading to aging of
populations, which is more visible in countries with high
economic and social development compared to countries
with limited resources [6]. On the other hand, lifesaving
technologies, innovation, and ongoing researches have
improved the quality of human life greatly. There has been
a recent increase in the life expectancy leading to aging
of populations, which is more visible in countries with
high economic and social development compared to the
countries with limited resources. Accordingly, chronic dis-
eases like hypertension, diabetes, and malignant diseases
increased with advancing age [7] and this trend has the
potential to result in more FUO cases in the community,
particularly the elders. Thus, we aimed to show the altera-
tions in FUO epidemiology by including the economic
statuses of the countries. To the best of our knowledge, no
such research has been conducted.

Materials and methods

The diagnoses of diseases were established in this case
series according to the common concepts elsewhere. FUO
was defined as follows: (a) febrile illness of more than
3 weeks; (b) fever higher than 38.3 °C on several occasions;
(c) absence of diagnosis after three inpatient days or three
outpatient visits to physician.

The inclusion criteria:
a) Adults> 18 years of age
b) Patients hospitalized/followed between 1st July
2016 — Ist July 2021
c) Patients with the main clinical symptom — fever

The exclusion criteria:

a) Known immunodeficiency
b) Pregnancy

@ Springer

Data collection and participants

This study was performed through ID-IRI international
clinical research platform (https://infectdisiri.com/). ID-
IRI has members worldwide as clinical researchers and
they voluntarily join ID-IRI research projects. Demo-
graphic parameters, clinical presentation, laboratory
results, and clinical outcomes of all participants were
obtained from electronic medical records retrospectively.
Axillary temperature was measured in all study partici-
pants. For the thermometerization process, it used vali-
dated and licensed thermometers approved by the refer-
ral medical centers (hospitals) which included in this
research. The participants in the study were divided in
two groups on admission: “Non-late elderly” — persons
aged 75 years and below; and “Late elderly” — persons
over 75 years of age [8].

Stratification of the economic status

Countries were stratified as “low-income economies” —
Gross National Income (GNI) per capita of US $1045
or less; “lower middle-income economies” — GNI per
capita between US $1046 and $4095; “upper middle-
income economies” — GNI per capita between US $4096
and $12,695; and “high-income economies” — GNI per
capita of $12,696 or more [9]. Countries where partici-
pating centers were located were categorized as lower
income (LI) (Afghanistan), lower-middle income (LMI)
(Egypt, India, Iran, Pakistan, Tunisia), upper-middle
income (UMI) (Albania, Bosnia and Herzegovina, Bul-
garia, Kazakhstan, North Macedonia, Romania, Russian
Federation, Turkey), and high income (HI) countries
(Croatia, Cyprus, Hungary, Italy, Saudi Arabia, Slova-
kia, United Arab Emirates) (Fig. 1).

Statistical analysis

Statistical analysis was performed using descriptive sta-
tistics to present results as frequencies and percentages.
To present quantitative variables, we obtained median and
interquartile ranges or mean and standard deviations as
appropriate. One-way analysis of variance was used to
examine whether the mean values of inflammatory mark-
ers differ across various fever of unknown origin diag-
noses. Relative risks and 95% confidence intervals were
obtained to determine associations. p-value of less than
0.05 was statistically significant.
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Fig. 1 The countries where participant centers are located

Ethics

The present survey was performed in accordance with the ethi-
cal principles and recommendations of the Declaration of Hel-
sinki (June 1964, last revision in October 2013). All medical
procedures in this research were performed according to the
national legislation of the country in which the medical center
(hospital) is located. The ethical approval of the study was taken
from The Ethical Counsel of Istanbul Medeniyet University,
Faculty of Medicine, Istanbul (4 August 2021/0411).

Results

We included 788 patients to our survey. The median
(IQR) duration until diagnosis after hospital admission
was 12 (8-21) days. The mean age of the patients was
46.8 + 18.1 years and 345 (43.8%) were females, 744
(94.4%) were adults (18-75 years), and 44 (5.6) were late
elders (> 76 years). Economically, 74 (9.4%) patients were
from HI, 1 (0.1%) was from LI, 297 (37.7%) were from LMI,
and 416 (52.8%) were from UMI countries.

Distribution of the cases by the countries

The data of patients were submitted from 21 countries:
Afghanistan (n=1; 0.1%), Albania (n=31; 3.9%), Bosnia
and Herzegovina (n=155; 6.9%), Bulgaria (n=37; 4.7%),
Croatia (n=3; 0.4%), Cyprus (n=2; 0.3%), Egypt (n="75;

9.5%), Hungary (n=1; 0.1%), India (n=50; 6.3%), Iran
(n=50; 6.3%), Italy (n=59; 7.5%), Kazakhstan (n=35;
0.6%), North Macedonia (n=18; 2.3%), Pakistan (n=7;
0.9%), Romania (n=233; 4.3%), Russia (n=5; 0.6%),
Saudi Arabia (n=3; 0.4%), Slovakia (n=1; 0.1%), Tunisia
(n=117; 14.8%), Turkey (n=232; 29.3%), and United Arab
Emirates (n=35; 0.6%).

A. Reasons for FUO

The distribution of FUO diagnoses were as follows: infec-
tions (=407, 51.6%), neoplasms (n =90, 11.4%), collagen
vascular disorders (n=73, 9.3%), undiagnosed (n =158,
20.1%), miscellaneous diseases (n= 60, 7.7%) (Fig. 2).

I. Infections (n=407)

a) Zoonoses (n=2388): (Brucellosis (n=39) {no organ
involvement (n=31); prostatitis (n=1); sacroiliitis
(n=1); spondylodiscitis (n=06)}, rickettsiosis (n=23)
(Q fever (n=11); untyped (n=06); Marseilles fever
(n=4); Rickettsia conorii infection (n=2)), lyme dis-
ease (n=1>5), visceral leishmaniasis (n=4), CCHFV
(n=3), toxoplasmosis (n=3), cat scratch disease
(n=2), malaria (n=2), hantavirus pulmonary syndrome
(n=1), hydatid disease (liver, n=1), toxocariasis (n=2),
tularemia (n=1), typhus (n=1), WNV infection (n=1)).

b) Returning travelers: Two Malaria cases returning from
Africa to Tiirkiye (Plasmodium ovale) and Romania (P.
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Fig. 2 Distribution of FUO
diagnoses
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falciparum) (0.5% of all infections) were associated to
international travel.

Cardiovascular infections (n =56): native valve endo-
carditis (n=44), brucellar endocarditis (n = 3), pericar-
ditis (n=3), prosthetic valve endocarditis (n=2), myo-
carditis (n=2), pace-maker endocarditis (n = 1), culture
negative endocarditis (n=1).

Respiratory tract infections (n=36): (pneumonia
(n=18); bronchopneumonia (n=23); atypical pneumo-
nia (Mycoplasma pneumoniae n=3; Chlamydia pneu-
moniae n=1; Chlamydia psittaci n=1; untyped n=2);
empyema (n =2); actinomycosis (n=1); Pneumocystis
Jjiroveci pneumonia (n=1); pulmonary tuberculosis
(n=1); maxillary sinusitis (n=1); atypical measles
(n=1); obliterating bronchiolitis (rn = 1); tonsillophar-
yngitis (n=1)).

Urogenital infections (n=35): urosepsis (n=11); lower
urinary tract infections (n=11); pyelonephritis (n=_8);
chronic cystitis (n= 1, Ureaplasma urealyticum); hydro/
pyonefrosis (n=1); pelvic infection (n = 1); perinephritis
(n=1), gonorrhea (n=1).

Intestinal infections (n=23): typhoid fever (n=13),
neutropenic colitis (n=23), Clostridioides difficile coli-
tis (n=2), enterocolitis, untyped (n=1), diverticulitis
(n=2), colon perforation (n=1), typhlitis (n=1).
Viral infections (n=39): (HIV/AIDS (n=20); EBV
infection (n=38); CMYV infection (n=7); COVID-19
(n=2); parvovirus infection (n=1); retroviral infection
(n=1)).

Tuberculosis (n=45): (pulmonary (n=15); miliary
(n=11); lymphadenitis (n="7); peritoneal (n=4); pleu-
risy (n=3); hepatic (n=2); intestinal (n=2); mediasti-
nal (n=1)),
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scellaneous;
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Infection; 51.5%

Central nervous system infections (n = 17): meningitis,
untyped (n="7); tuberculous meningitis (n=1); brucellar
meningitis (n=1); thoraco-lumbar myelitis (n=1); HIV
encephalitis (n=1); ventriculoperitoneal shunt infection
(n=1); viral encephalitis (untyped (n =3); Toscana virus
(n=1)), cryptococcal meningitis (n=1).

Bacteremia of unidentified origin (n=10): Staphylo-
coccus aureus (n=4); Klebsiella pneumoniae (n=2);
Enterococcus faecalis (n=1); Streptococcus constella-
tus (n=1); Pseudomonas aeruginosa (n=1); Acineto-
bacter baumannii (n=1); Escherichia coli (n=1).
Bone and joint infections (n=9): (spondylodisci-
tis (n=7); skull base osteomyelitis (n=1); sacroiliitis
(n=1)).

Skin and soft tissue infections (7 =5): (bedsore infec-
tion (n=3); lymphadenitis (n=1); lymphangitis (n=1)).
Hepatobiliary infections (n=4): cholecystitis (n=4).
Fungal diseases (n=4): hepato-splenic candidiasis
(n=2), mucormycosis (n=1), fusariasis (n=1).
Periodontitis (n=1).

Abscess formations (n=33)

e Intra-abdominal abscesses (n=24): liver (n=T7),
intraabdominal (n=4), renal (n=4), pericecal (n=2),
amebic liver (n=1), diverticular (n=1), gall bladder
(n=1), iliopsoas (n=1), perianal (n=1), uterine (n=1),
subhepatic (n=1).

o CNS abscesses (n=3): epidural brucellar (n=1), cer-
ebral (n=1), epidydimal (n=1).

e Pulmonary abscesses (n=2): lungs (n=2).

o Other abscesses (n=4): paravertebral (n=2), dental
(n=1), subcutaneous (n=1).

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Il. Neoplasms (n=90)

1. Solid cancers (r =27): lung (n =8), colorectal (n=3),
adrenal gland (n = 3), neuroendocrine (n = 2), renal
(n=2), pancreas (n=2), liver (n=1), endometrium
(n=1), head and neck (n=1), primary unknown (n=1),
prostate (n=1), bone (n=1), right atrium myxoma
(n=1).

2. Hematological malignancies (n = 60):

3. Lymphomas (n=50): non-Hodgkin lymphoma (rn=25),
Hodgkin lymphoma (n=19), T-cell lymphoma (n=4),
anaplastic lymphoma (n=2).

4. Leukemias (n=13): acute lymphocytic leukemia (n=4),
acute myeloid leukemia (n =5), chronic myeloid leuke-
mia (n=2), multiple myeloma (n=2).

Ill. Collagen vascular disorders (n=73) Adult-onset Still's
disease (n=24), systemic lupus erythematosus (n=38), pol-
ymyalgia rheumatica (n=6), polyarteritis nodosa (n=15),
rheumatoid arthritis (n =4), temporal arteritis (n=4), large-
vessel vasculitis (n=3), reactive arthritis (n=3), Behcet’s
disease (n=2), myelitis (n=1), familial Mediterranean
fever (n=1), giant cell arteritis (n= 1), gout arthritis (n=1),
Henoch Schoenlein purpura (n= 1), inflammatory myositis
(n=1), juvenile rheumatoid arthritis (n=1), autoimmune
hepatitis (n=1), lupus nephropathy (n=1), polymyositis
(n=1), seronegative arthropathy (n=1), small vessel vas-
culitis (n=1), Takayasu disease (n=1), Wegener granulo-
matosis (n=1).

IV. Miscellaneous diseases Thyroiditis (n=12), histiocy-
tosis (n=7), Crohn’s disease (n=35), macrophage activa-
tion syndrome (n=4), familial Mediterranean fever (n=4),
sarcoidosis (n=3), embolic events (n=3), hemophagocytic
syndrome (n = 3), Kikuchi disease (n=3), ulcerative colitis

(n=2), aplastic anemia (n=1), polycythemia vera (n=1),
autoimmune thyroiditis (n=1), chronic fatigue syndrome
(n=1), cholecystitis (n=1), cirrhosis (n=1), primary biliary
cirrhosis (n=1), colon perforation (n=1), Churg-Strauss
syndrome (n=1), endometriosis (n=1), drug induced fever
(n=1), hepatic arterial thrombosis (n=1), Horton disease
(n=1), neuroleptic malignant syndrome (n=1).

B. Invasive diagnostic procedures

Overall, 201 (25.5%) patients were performed invasive
sampling for FUO diagnosis. Invasive diagnostic sampling
of FUO patients in accordance with the economic statuses
are presented in Table 1. Diagnostic biopsies were done in
22 (29.7%) of HI country patients, in 90 (n=21.6%) UMI
country patients, and in 89 (29.9%) LMI country patients.
There was a significant difference between the three eco-
nomic statuses and performing biopsies (chi-square =7.07,
p=0.029).

C. FUO and economic status

Compared to residents of LI and LMI countries, having
FUO among residents of HI and UMI countries does not
significantly predict the diagnosis of infections (RR=0.92,
95% CI: 0.80-1.05), and neoplasms (RR=1.10, 95% CI:
0.73-1.66). Similarly, comparing HI vs UMI vs LMI coun-
tries, having FUO does not significantly predict the diag-
nosis of infection (¥2=0.5046, p=0.777), and neoplasms
(¥2=2.4270 p=0.297). However, collagen vascular disor-
ders (RR=2.00, 95% CI: 1.19-3.38) were more likely to
be reported from HI and UMI countries compared to LMI
and LI countries. When HI vs UMI vs LMI countries were

Table 1 Invasive diagnostic
sampling in accordance with

economic statuses

HI (n=74) UMI (n=416) LMI (n=297) LI (n=1)
Lymph node bx (n=188) 21 (28.4%) 85 (20.4%) 82 (27.6%)
Bone marrow bx (n=57) 9 (4.7%) 28 (6.7%) 20 (6.7%)
Liver bx (n=13) 3(0.7%) 10 (3.4%)
Colon bx (n=11) 3(4.1%) 5(1.2%) 3(1%)
Skin bx (n=11) 1(1.4%) 4 (1%) 6 (2%)
Temporal artery bx (n=7) 3(0.7%) 4 (1.3%)
Kidney bx (n=5) 5(1.7%)
Lung bx (n=5) 2 (0.5% %) 3(1%)
Pleura bx (n=2) 1(0.2%)
Thyroid bx (n=2) 1(0.2%) 1(0.3%)
Prostate bx (n=1) 1(0.3%)
fleum bx (n=1) 1(0.2%)
Gastric bx (n=1) 1 (1.4%)

HI high income, LI low-income, LMI low-middle income, UMI upper-middle income, Bx biopsy
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compared, FUO significantly predicts the diagnosis of col-
lagen vascular disorders (y2 =7.5526, p =0.023).

D. Clinical FUO associations
Compared to non-late elderly age group, having FUO

among the late elderly population does not significantly
predict the diagnoses of infection (RR=1.11, 95% CI:

0.85-1.45), neoplasms (RR=1.43, 95% CI: 0.70-2.89),
and collagen vascular disorders (RR=0.48, 95% CI:
0.12-1.88) (Tables 2 and 3). The relationships between
inflammatory markers and FUO diagnoses are shown in
Table 4; the outcomes of FUO in accordance with eco-
nomic statuses are presented in Table 5. We could not
disclose any significant difference for death attributable to
FUO when HI vs UMI vs LMI countries were compared
(r2=1.62, p=0.440). Similarly, the mean duration of days

Table 2 FUO categories and

. Diagnoses High-income Upper-middle income Low-middle income Low income
economic status countries countries (n=416) countries (n=297) countries
(n=174) (n=1)
Infections (n=407) 36 209 162 0
Neoplasms (n=90) 5 53 32 0
CVD (n=73) 7 49 17 0
Undiagnosed (n=158) 14 79 64 1
Other (n=60) 12 26 22 0
CVD collagen vascular disorders
T'?b'? 3 Comp arison of FUO_ Etiology of FUO Relative risk (95% CI) Pearson p-value
d15tr1but10n§ in accordance with chi-square x2
the economic statuses - - -
Infections Non-infections
HI/UMI 245/407 245/381 0.92 (0.80-1.05) 1.41 0.2347
LMI/LI 162/407 136/381
Neoplasms Non-neoplasms
HI/UMI 58/90 432/698 1.10 (0.73-1.66) 0.22 0.633
LMI/LI 32/90 266/698
CVDs Non-CVDs
HI/UMI 56/73 434/715 2.00 (1.19-3.38) 7.22 0.0072
LMI/LI 17/73 281/715
Undiagnosed  All Others
HI/UMI 93/158 397/630 0.87 (0.65-1.15) 0.93 0.3355
LMI/LI 65/158 233/630
Aging and FUO
Infections Non—infections
Late elderly 25/407 19/381 1.11 (0.85-1.45) 0.50 0.4802
Non-late elderly ~ 382/407 362/381
Neoplasms Non-neoplasms
Late elderly 7/90 37/699 1.43 (0.70-2.89) 0.93 0.3355
Non-late elderly ~ 83/90 661/699
CVDs Non-CVDs
Late elderly 2/73 42/715 0.48 (0.12-1.88) 1.23 0.2666
Non-late elderly ~ 71/73 673/715
Undiagnosed ~ All Others
Late elderly 9/158 35/630 1.02 (0.56-1.86) 0.00 0.9451
Non-late elderly ~ 149/158 595/630

CVD collagen vascular disorders, HI high income, LI low-income, LM/ low-middle income, UMI upper-

middle income
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until diagnosis after hospitalization did not differ across
the economic statuses (p =0.9663).

0.6762
0.0300
0.1765
0.0046
0.3195

p

Discussion

59
3.82
1.18

1.

F test
0.58
2.69

FUO cases are a critical group of patients with 6.3%
attributable mortality according to our data. Traditionally
numerous causes of classic FUO fall within five catego-
ries: infections, neoplasms, connective tissue diseases,
miscellaneous other disorders, and undiagnosed illnesses
[10]. Infections had long been the leading causes of clas-
sical FUO [1, 2]. Accordingly, febrile conditions are the
optimum timings of consultations from infectious diseases
departments and increase the workloads of these services
[11]. In recent FUO papers from LMI countries, infections
ranged from 43 to 63% establishing the majority of FUO
cases while neoplasms comprised 1-22%, and collagen
vascular disorders made up 13-30%, miscellaneous dis-
eases comprised 2—14%, and undiagnosed FUO patients
had a share of 2—12% [12-15]. The distributions of FUO
diagnoses in FUO reports from richer (UMI and HI) coun-
tries were infections 15-49%, neoplasms 7-18%, colla-
gen vascular disorders 19-47%, miscellaneous diseases
1-13%, and undiagnosed 8-30% [16-23]. Thus, there
has been an understanding that FUO due to infections
was most likely to be related to countries with limited
resources, and developed or richer countries have predilec-
tions for noninfectious subsets of FUO diagnoses like neo-
plasms or collagen vascular disorders [2, 24]. However, we
could not disclose such relationships for the entire FUO
groups other than collagen vascular disorders, which were
more frequently reported from richer countries. Although
it appears that the disseminated knowledge and improv-
ing health infrastructures worldwide have a tendency
to uniform the diagnoses for infections and neoplasms,
the collagen vascular disorders were not equally identi-
fied and less commonly detected in country groups with
lower economic incomes. Since our study pooled relatively
new FUO patients followed in the last 5 years, this datum
appears to be the new trend in the context of FUO diagno-
ses. In addition, either the duration of diagnosis for FUO
cases or patients without diagnosis did not differ between
the richer countries and those with the limited resources
showing a degree of standardization.

Actually, economic welfare may not always be translated
as a high Human Development Index, which is a statistic
composite index of life expectancy, education, and per cap-
ita income [25]. In addition, wide geographical distribution
of the participating centers may have resulted in diverse
epidemiological exposures. Hence, other developmental
parameters may disclose variations in FUO epidemiology,
rather than the economic status. Accordingly, there had been
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CRP C-reactive protein, PCT procalcitonin, WBC white blood cell count, ESR erythrocyte sedimentation rate, Cr creatinine, CVD collagen vascular disorders

Table 4 Examining for the relationships between inflammatory markers and FUO diagnoses

CRP (mg/l)
WBC (/pL)
ESR (mm/h)
Ferritin (ng/ml)
Cr (mg/dl)
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Table 5 FUO outcomes in

. . HI (n=74) UMI (n=416) LMI (n=297) Lli(n=1)

accordance with economic

statuses Died; attributed to FUO (n=50, 6.3%) 2 29 19 0
Died; NOT attributable to FUO (n=17, 2.1%) 1 11 5 0
Transferred to another unit (n=71, 9%) 5 36 29 1
Still at hospital (n=7, 0.9%) 0 2 5 0
Discharged with cure (n=386, 49%) 47 198 141 0
Discharged with sequelae (n=129, 16.4%) 17 36 76 0
Discharged as she/he is (n=120, 15.2%) 2 97 21 0
No information (n=28, 1%) 7 1 0

CVD collagen vascular disease, HI high income, LI low-income, LMI low-middle income, UMI upper-mid-

dle income

an understanding that infections were less common in the
elderly population compared to non-elderly [10]. But it was
not the case in this study. Moreover, attributable FUO mor-
tality was not significantly different between richer countries
and those with limited resources. There seemed to be a uni-
formity in the distribution and outcomes of FUO diagnoses
in the participating centers, and the delayed diagnosis is
likely to be due to subtle nature of FUO causes rather than
the economic prosperity.

In this study, half of FUO diagnoses were infections, which
can have fatal outcomes when timely and rational antimicro-
bial treatment are not provided [26]. Although infections as
the agents of FUO tend to vary in incidence according to
locale, the leading community-acquired infections for clas-
sical FUO were tuberculosis, brucellosis, rickettsiosis, HIV
infection, and typhoid fever in this survey. Tuberculosis has
long been one of the common causes of FUO [24, 27] and bru-
cellosis is the most frequent zoonotic infection worldwide [28]
so that they were two of the common infections causing FUO.
Since zoonoses are a heterogenous group of syndromes and
cardiovascular infections are a uniform clinical entity, we can
say that cardiovascular infections are the most common infec-
tious syndromes among our FUO cases. We found that native
valve endocarditis in particular, comprising more than two
thirds of cardiovascular infections in routine medical practice
[29], was the most common infectious syndromes among our
FUO cases. The other common cause of FUO “bacteremia of
unidentified origin” in this study may represent cardiovascular
infections where the diagnosis could not be well established,
too. Hence, any type of bacteremia in a FUO patient should
warrant investigation for cardiovascular infections. In addi-
tion, pulmonary infections with atypical patterns, urogenital
infections, and central nervous system infections with rare
presentations were the other common syndromic infectious
FUO presentations. Abscesses, intraabdominal locations as
the most prominent, were not rare suppurative foci compel-
ling the need of well-established radiological diagnosis in this
study. Since infections imposes serious challenges and high
mortality when untreated [26], early diagnosis in which even

@ Springer

invasive procedures are shown to be needed in one-fourth of
FUO patients in our study. Interestingly, biopsies were per-
formed more commonly in LMI countries according to our
data.

Returning travelers is a certain subset of patients in
FUO series in which malaria, typhoid fever, and acute HIV
infection were commonly recorded [10]. In routine medi-
cal practice, intestinal and respiratory infections including
pneumonia and tuberculosis followed by malaria, visceral
leishmaniasis, and hemorrhagic fevers are the common
etiologies in severely infected travelers and migrants [3,
30]. We detected malaria only as the causes of FUO in this
subgroup of patient population. This is the most common
mosquito-borne disease with major epidemiological out-
breaks in the equatorial, tropical, and subtropical climate
zones of mainly in Africa and to a lesser extent in Asia,
Central America, and Southern America. Another poten-
tial reason for FUO in this group of persons could be lym-
phatic filariasis (elephantiasis) which is endemic to Africa.
In fact, the reasons for FUO in returning travelers are too
many as with other people who have not had a trip. Here,
too, the potential and most likely cause is an infectious
disease caused by bacteria or parasites. Therefore, in FUO
patients coming from countries with a high prevalence of
any infection, it is appropriate to investigate the most com-
mon infections found in the country they have visited. The
patient’s contact history for any type of infected patients,
skin rashes, bites including vectors, water, and food con-
sumption history should be questioned in detail.

The next common FUO category comprises neoplas-
tic diseases, most commonly hematological malignancies
including lymphomas and leukemias followed by solid
cancers. The third leading cause of classical FUO is col-
lagen vascular disorders where adult-onset Still’s disease
is the most common followed by systemic lupus erythema-
tosus, polymyalgia rheumatica, and polyarteritis nodosa in
this study. When the inflammatory markers are compared
among the diagnostic categories, ferritin and leucocyte
count was significantly higher in the FUO patients without
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an established diagnosis, and this result may likely to stress
the presence of non-infectious inflammatory diseases or
collagen vascular disorders in patients without a diagnosis.
Histopathologic examination of tissues, which appears to
be the last bullet for definitive diagnosis, can provide a final
diagnosis in FUO patients in fewer than half of cases[31],
and thus one fourth of our patients were performed histo-
pathological examination to reach a definitive diagnosis.

The current research has some limitations that need to be
addressed. First, the study has a retrospective design, although
we included only patients followed in the last 5 years. Second,
the medical centers participating in this survey have heterog-
enous diagnostic capacities due to the different economic devel-
opments of their countries. Third, because of heterogeneity of
FUO cases, the number of patients included in the study is very
low for particular subsets of diagnoses. Finally, the numbers of
patients included from each country were variable, and thus,
the patients may not be representative of all patients for FUO in
their particular countries. However, as a strength, we categorized
and analyzed the patients according to the economic level of the
countries they belong. Despite the aforementioned limitations,
this work represents the first research on patients with FUO from
countries with different economic stages of development.

In conclusion, the diagnosis of FUO should be tailored
according to the common disorders causing FUO. In this
regard, it is a serious difficulty to implement diagnostic pro-
tocols for patients with FUO and a potential FUO protocol
cannot cover all possible causes of this medical problem.
Our results and data from other studies show that regardless
of the economic development of the countries, the leading
causes of FUO are similar and still conventional. Hence, the
clinicians worldwide should be aware of the current FUO
epidemiology, which is unaffected from economic status to
ease clinical decision making.
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